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Zoology, "The ColoU7'-markings on tlw body oj Lepidoptera, compa1'ed 
to those of their la?'vae anc! pupae, and to tlwse of their 
w~'ngs", By Prof. J. F. VAN BI~Ml\U:LIDN. 

(Communicated at the meeting of January 31, 1920), 

In former communications I have expressed rny conviction, th at 
originally an intimate connection must have existed bet ween the 
colonr-mul'kings of cateJ'pillal', pupa and bntterfly of the same species, 
all three being only varieties of one and the same ul'chaic forrn. 

ConsequentI)' the few cases, in which tbis connection is evident at 
tir'st sig'h t, should not be considered as mere casualilies, bu t as 
resnlting ft'om the preseJ'vation of the pJ'imitivecondition. SCHII<:RBKI<:K, 

who chiefly stndied the setal pattern of the youngest instars of cater­
piIJat's, but also ga\'e bis attention to the coloul'-rnarkings of a few 
oldel' caterpillars, and to pupae, has full)' cOl't'oborated m)' views. 

DE MRYl<~lm on the contrar,)' ,in bis paper: ZUl' Zeiehnung des Inseeten­
im besonderen des Diptel'en- und Lepidopterenflügels, 1916, has 
expressed his doubts about them, whel'e he says on p. 131: "In 
m)' opinion tbo stl'iking differonco between the pupal- and the 
irnaginal mal'kings preeisely shows tbat they have had an inde­
pendent ol'igin, and have followed different ways: - just as we 

fonnd it in nead)' J'elated Diptera, we here see it in different stages 
of the same animaI" , 

Alld fUl'thel' on: 

"Acco,'ding 10 'my view the colour-markings of tbe pnpa of 
diut'nal Lepidoptera are as mueh of recent OJ'igin as their fl'eql1ently 
grotesque shape and their vel'y varying mode of fixation, Tbe same 

might apply to pIlpal mttrkings in comparison to those of cate"pillal's". 
In his second paper': ZUl' Evolution del' Zeiehnung bei den holo­

metabolen Insecten, he writes on p, 70: 

"J eonsidet' the stl'iking' colour·mal'kings of many butterfly-pupae 
as a secondal'y feature in these organisms, exposed to light as tbey 
are, In a similar mannel' the pupa of Ab1'a:1'as gl'ossulaJ'iata, which 
seUles unhidden in shl'ubs, shows special coloration. V AN BJ<:MM~~LEN'S 
assertion, that this Geometrid should show a primiti ve colOl'atjon in 
all instal's, does not seem right to me, at least in regal'd to tbe 
pupa , . , , The pupa of Abr. sylvata, which hibernates in tbe eartb, 
is quite dark; without doubt in this case, the oldor eondition. The 
real pl'irnitive condition I believe to OCCur iJl tbe light-brown 

Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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pllpae of many Micro's, of Hepialids, Limacodids etc., all these being 

very like the pilpae of NeuJ'optera". . 
Às lalready pointed out in my paper on the pI'l~ary character 

of the Pupal pattel'l1 in But(erflies (Pt'oc. K. AkademIe v~n Weten­

schappen 19(8) r feel justitled in fnll,)'. mainta.ining my vIews. . 
I now wisb to' discnss somewhat Ifl detail, a few exarn pIes .ot 

similarity betweerl lal'va, pupa and imago, cbosen fl'orn the famdy 

of Sphingids. lt is true that up till now T have not be~n able. 10 

investi'Yate tbe subject in full, as I have not yet got acquamted w.lth 

Ihe yo7mger ll1t'val instal's by pel'sonal inspection, n~r ~'ound OCCl1SlOI\ 

to stndy the de\'elopment of the eoloUl'·pattcl'I1 lflslde, the pup111 

,1. "t·\· 'rbe compl1rison of Ihe mal'kings in sotne nearly-ltIterrelated SIH.a 1, , 

species of catel'pillat's in a full-grown st.ate, ~s well amollgst ,Ihemselves 

as witIJ those of their imagines, and ll1 a tew C118eS also Wltl! marked 

pllpae, gives us sueh a numbcl' of stl'iking pl'oofs of ~]'iginalllnily,l:lat 

I considel' rny assertion satisfactol'ily backed by ev](lence. I the.retore 

believe it wOl'th-while to direct Ihe attenlion of entomologlsts . to 

this highly promising subject, especially so, because a com~)lete. Hl­

sight [!lto the course of evolution of Ihe lal'val, Ilymp~lal and lmagHlal 

COIOll r.pattel'lls of a tolerably vast numbel' of specIes .can o.nly be 

obtained by eooperation of a gl'eat many compet~nt mYestlgators. 

Fronl times l'emote the wing-mal'kings of butterflIes have attracted 

Ibe clll'iosity alld admirl1tion of men, but to those of tbe body proper 

only in ex(;eptiollul cases a little attention has been given: and then 

still from a pUl'ily descl'iptive point of view. Intel'co~pal'l~on .of the 

colour-mal'kings on tbe bodies of l'elated species, or HlvestlgatlOr.l of 

the sirnilal'ity bet ween the desigll on the body and that on the WHlgS 

has hardly' ever been tried; only when a stl'iking t"eserr~blallc~ 

between the two lalter exisls, is this sometimes made melltlOn of, 

but only as a casIlal l'emark. . ' . 
Yet it is evident, that wh en comparing (he Imago Wlth lts eater-

pillal', only tlle trlal'kings of the b~dy lIe~d be minded, ~nd that th~ 
same applies to the pnpa, though Hl a mmor degr~e, as Hl ~he lattel 

only the nppel'sic!e of tbe forewing is exposed to \"lew, w.lule on the 

eon'tra!'y part of the latel'al body-wall is hidden beneatl.l the wlllg-sheath. 

\7Vhen moreover we wish to stud,)' the connectlOns between the 

murkillgs on the wings and those on the body, it seems desirabIe 

first to realise the exact nature of the wings. Now these organs may 

be considel'ed as lateral folds of the dOJ'sal skin of the meso- anc! 

metathol'ax, nel1t' to alld dorsally of the line of stigmata (thongh 

these ooenings at'Q obliterateel in tbe said segments of the thorax). Con­

sequentl,)' eaeh wing eonsislR of a dOl'sal and a ventral lamella of 
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'the skin, whieh 1110ng the wing-border fold over Înto each othel'. 

When we imagine tbis fold to beeome l'epl'essed up to tbe first 

initial r!ldirnent of its evolut{on, thenthese lamellae do not extend 

hOl'izontally along parallel planes in contact with eaeh other, but 

quite the contmry lie in one and the same dorsoventral plane. 

When in applying tbis mode of l'epresentalion of the wing we look 

at it from the side, it is seen projeeted 011 tbe lateral body-wall, 

anel so eacll wing can be drawn as a sexangle, which by its hori­

zontal diagonal is divieled into a dOl'sal half (the upper wing-surface) 

and a ventral one (the undel'side of the wing): tbe diagonal itself 

representing the wing-border. That by this projeclion-methoel the 

wing-fielel appears extl'emelysmall in l'elation to the dirnensions of 

the body, need not accoreling to my view be considel'eel as a re al 

objection against it. For tbe relation in size between wing8 and 

body in different species of Lepidoptera varies between ver.}' wide 

limils, and in the females pl'ovideel with l'udimentary wings of 

sLllldry spAeies it even approaches the schematic condition descl'ibeel. 

Likewise during the pupal stage of almost all kinds of Lepieloptera 

. the wings are far smaller thall aftel' the emersion from the l1ymphal 
sheath. 

This projection of both wing-sul'faces upon the dol'so-ventl'al 

plane sbal'ply draws our attention to the fact that rnarkings, which 

on the wall of the body stretch in an Ot'o-aboml dil'ection, wil! run 

in a so-called transversal one over the wing-sul'face, i. e. from the 

anterior towal'ds the postel'ior wing-border. Tbe elol'so-ventral com­

ponents of the pMtern on the contrar,)' will traverse the wing-field 

from root to external margin (cornmonly cal led longitudinally). In 
tbe same way this method can give support to the belief, that the 

pattem of the upper surface need not o/'iginally bave been identical 

witb thaI, of the undet'siele, as they eOl'l'espond 10 different, tbough 

neighbol1/'ing al'eas of the sidewall of the body. 

Fina.lly this way of repl'esenting the wings as projected on the body 

highly facilitates and aceentuates the comparison with the caterpillar. 

1'0 get a pure compal'ison with the pllpa ho wever, we are obliged 

somewhat to rnodify the position anel the size of the sheath of the 

fOl'ewing, whieh involves the formalion of an empty space towards 

the side of tbe abdomen, eOlTesponding to the plaee where tbe hind­

wing would have been situated, when this were visible on the pnpa. 

In order to inscl't tbe real wing-pattel'll into these schematic 

sexangles, we have to project it upon tbem. To do tbis, we must 

turn the willg obliquely up- Ol' dOWnWfLl'ds and draw a contl'acted 

image of its eOlOIlI'-pattern on the perpendiclllar plane of projection, 
24i~ 
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Moreover it is desirabIe to apply th is same metbod of pl'ojeetion to 
the dOl'sal and ventral body-wall, in stIeh a sellse that (he circum­
ferenee of the figul'e no long'er eorresponds (0 that of the sideview 
of the anima!, but l'onghly fonYls a trapezium, the npper- and under­
side of whieh l'epresent the rnedian dorsal and \'entrat Jines, ~l' bettel' 

still, stretch ti, litlle over them, This can also be expl'essed III such 
a wa.}', that the body becomes eompressed from left tO.I'~ght, thel'~by 
growing higher ill the dOl'soventral dil'eetion, a eondJll~r.l so ~ften 
shown in l'ealily by sqneezed specimens. As to the posllJon of the 

wing-sexangles 'in regard to eaeh olhel', 1 am. of opinion th~t 
t.bey should be plaeed in one anel the same hOI'~zontal b~dy-~xlS, 
the one bellÎnd tbe other, insteael of the anteJ'lor mal'glll of the 
hillclwing passing beneath the postel'ior one of tbe fore~,ying. In si ze 
the two wings rnay be represented alike. The al'gnments tOl' both these 

assnmptions ~an be founel in the WillgS of Hepialids. . 
COllseeutively the following poillts shoulcl be attended to III the 

investigation: 
Il. COlllpaJ'ÏsolI of the mal'kings of the thoracal witl! those of the 

abelominal rings in one and the same individual, therefore in the . 

catel'pillal' with its different instal's, in tbe pupa, and in the imago. 
b. eomparison of tbe colour-pa1tern of all these stages, to each 

olhel' in tbe same species. 
C. com parison of ldndred species in their successi \'e stages wit h 

each other. 
[for eaeh of these eomparisons an example may be given. 
Of the few Sphingid-catel'pillal's whieh wereat my disposition, 1 

choose the fullgl'own larva of P,'otopaTce convolvuli (seil. the brown 
variet.)') as a fit objeet fol' eomparison of thol'aeal with abdorninal 
mal'kiugs. For in this species the I'elation of the one 10 .the otber 
ean be \'ery e1eal'ly observed, anel in doing so, we are lInpl'eSscel 
bv the fact that the first seem to bear a more prin!Îtive eharaetel' 
tr~all tbe seconcl. For on thc thorax tbe obliquely ascending la/eral 
bars wbicll are so eIlH,J'aeteristie of the abclominal segrncnts of these 
as ~f so many other Sphingic! eaterpillal's, are absent. r~he .palter!l 
is l'estJ'icLed to longitudinal light and dark stripes, wInch 1fl thelI' 
turn are evidently eornposed of rowS of spots, whose number cor­
responds 10 that of the annuli or seeondary rings, .wbic~l enter int~ 
tbc eompositioJl of eaeh body-segment of the caterpillar. riJe numbel 
of these annnli is eonstant, eight fol' each segment of the abdomen, 
exeept the posterio!' two; it is likewise ditninished in tbe thoracal 

ones, probably an effect of l'celnetion. On eael! annulns OI~e ro:7V of 
light spots on a dark gl'ound is seen, Tbe rehttive size of the swgle 
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spots det.cl'lnines tbe impl'essioll they eall fOl'th, eitbel' of a light or 
of a elal'k party of tbe catel'pillar-skin. Wbile light spots on the same 
level on sllccessivc anl111li al'l'ange themselves to light lonp;itudinal 
stl'ipes, smal! spots on the eontmry appeal' as light speeks in a dark 
band. Here anc! therA these speeks totally "anish, a largeI' black 
spot being the l'eslllt. So the prothol'ax shows no other ornamen­
tation than a pair of big episligrnal elal'k blotehes on its flanks, 
passing in a eau dal direction into the dark longitudinal strokes, whieh 
on the abdominal segments periodieally becorne transeeted by the 
oblique light stripes. On meso- alld metathol'ax a light bl'ownish~yellow 
median dOl'sal sb'ipe is present, ilanked at some distanee by light 
snbdorsal stripes, sepal'ated frorn tbe fiJ'stllamed b.y dark bands, whieh 
in tbe anteriot' part of ead segment bear the ebamcter of clark spots. 

Beneath the [Iine of the stigmata runs a very broad light streak, 
over the roots of tbe legs two dark longitllelinal lines are seen. 

All these mal'kings are fOl1flel again on the abdorninal segments, 
but in a rnodifled, more eomplicated condition. The dOl'sal stripe 
passes unintel'ruptedly from thomx to abdomen in the fonn of 
a light band, slighLly eontraeting in the middle of eaeh segment, 
while at its alltel'ioJ' mal'gin a pair' of yellowish-white spots, sepa­
l'ated by a smal! dark stripe, contribute 10 render the first annulns of 
eaeh abdorninal segment more eonspicnolls. Bnt in the first plaee this 
effect is J'eaeheel by tbe two shal'ply d!'awn brownish-black spots at the 
lateral side of the jnst-mentioned light dorsal maculae, and by the clear 
white specks, whieh in theit· tllm flank the outer side of these macllJae. 

This series of alternately light alld elal'k spots on the first annulus 
evidently only cOllsists of nothing more than highly conspicuous 
links in the prolongation of the abo\'e mentioned three light and two 
dark lilles that rUl! over the dOt'sal side of tbe thoraeal segment. 
lt is therefore in harrnony with tbis fact, wben we remark that 
from eaeh of the blaek blocks a dark streak runs on in a eauelal 
dil'eetion. These streaks eOIl\'el'ge towal'ds the centre of the segment, 
in hal'molly with tbe median light dorsal streak, whirh nal'l'OWS in 
the middle of eaeh abdominal ring, w hile t.owal'ds the back end of 
the segment the streaks again diverge. Consequently tbe dorsal stl'ia 
broaelens towal'ds the lattel' mal'gin and so forms a triangular area, 
whieh somehow assumes the eharacter of all independent spot; this 
aspect being heightened by the l'epetition, in the eerJtl'e of the segment, 
of the srnall blaek stripe in the llIiddle line on the flrst annulus. 

Looking from the la,teta'! side, the similal'ity between thoracal 
and abelominal elesigns likewise stl'ikes us, but at t.be same tirne we 
remark the eleviation of the lattel' from the ol'iginal condition, in 
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consequence of the differentiation of the obliqne light st1'i~es which 
ascend in a dOl'so-caudal direction, and are aeeompal11ed along 
theil' dOl'sal horder by an obscUl'ation of lhe brown-black gronnd­
colour (called "dllnkle Grundierllng" by v. Voss). At thei1' pos~eriol' 
top these obliq ue light st1'i pes exactly pass into. the above-m~ntlOned 
wbite subdo1'sal spots, in the same way as theH' accompanymg dal'k 
seams join the blaek sper,ks, which themselves run .on in,to the clark 
subdorsal lines. A similar broadening and obscuratlOn of the seam, 
as is caused bv these speeks at the do1'sal end of the oblique slripe8, 
is also fOllnd ~t their ventral beginning, on tbe level of the stigma. 
The latter however is situated at the back si de of the light oblique 
stria (on the sutl1re between tbe 3 and 4 annulu8), .while the 
mentioned dark spot lies befol'e it on the 2 annllius. StJll further 
forward to the ft'ont side, the eOl'l'esponding part. of the ftrs! annulns 
also bears a pair of dark maculae (praestigmal spot~). rrhe stigma 

ilsel1' is likewise coJOUl'ed dark. In advance of the stIgma the dark 
diagonal stl'ia is still continued in a ventral dil'ection over the poste­
ri or four annuli of the foregoing segment, and reacties the \'entl'a.l, 
border of the bl'oad light substigmal band, where it joins the horizon­

tal undnlating line over tbe base of the false legs. 
i'l'ow in this brown variety of convolvuli we see at Ollce tbat all these 

spots and stdpes are notbing el se but :nore or 1~8s differer~tiated 
parts of the geneml grol1nd-patterll, w hleh e~clusl.vely consls!s of 
1'OW8 of light macnlae on a dark gl'ound, keeplflg l'1go.l'ously to .the 
annuli, and therefore rcpeated eight times on tbe suceeedlflg abdomlnal 
segments. In each row the nnmbcr of macula~ is h~rge, yet tolcl'l1bly 

constant, viz, ± 13 at either side of tbe rnedlan Ill1e. . 
The above described black spots are formed by tbc blendmg of 

dark stl'ipcs sepanl,ting the white speeks, tbc light blot~~hes on the 

eontrary by the obliteration of one or more of these stl'lpes .. 
Likewise thc light diagonal stripes are built up by an ob~lque~y 

rising series of eight light maculae that have i~lcl:eased a ht.tle lil, 

size, the dark scanl in the same way by a slmdal' gradatlOn of 

blaek eubes, lying dOl'sally to these light maculae. 
Compal'ing the brown with the green variety, we remark that 

the latter has got nothing left of the cntire groUIld-pattern but the 
largel' dark maeulae: the subdorsal, the epistigmal, the ~rostigmal, 
the stigmal and the hypostigmal Ol' the basal spot. Of these the 
epistigmal spot still betmys its original char~cLer as a part of the 
dal'k seam along the diagonal stria by its oblIql1ely cxtended sh~pe 
in a dorso-cal1dal dil'ection, pointing 80 to say to the subdol'sal stnpe 

of the following segment. 
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On the llIctathol'ax of the grecn \'ariety the tillbdorsal spots are 
present in double flllmber, on the metathol'ax in single. 

Comparing tbe lal'val design to that of the imago, we may here 
l'emark in parentheses, tbat the last-rnentioned pair of spots also 
oeeurs on tbe catel'pillal' of cifropos alld here mailltains itself as the 
eye-spots of tbe emnium-image, 

The cQllection KALLJ<:NDLICH altio contains a halfgrown convoluilli­
eaterpillar, I thel'efol'e fOllI1d occasion 10 compal'e this with the 
fllllgl'Own lal'va, and thus coulcl cOl1villce lIIysclf that the light sub­
dOl'sal maculae of tbc lat.te!' l'eally are the l'enmants of a eomplet.e 
snbdorsal linc, ol'iginally stretehing over the whole series of tbe 
body-segments, in tbe same wa}' as the substigmal line. On tbe 
abdorninal segments however it; is pel'iodieally broken by tbe diagonal 
striae vvhieh, though rathe!' inconspicllOLlS, are yet presellt in complete 
order, anc! which, befOJ'e eaeh stigma, meet the segmen/a of 
the substigrnallille, thel'ehy fonning a triangnJal' spot on each body-ring. 
Bnt tbe chief diffel'ence between Ibis halfgrown eaterpillar and tbe 
fullgl'own olie is its Ilniform dark grotllld·eolonr, shal'ply eontrasting 
wilh llUmel'OUS small white oval knobs, vvhich stand al'ranged in 
several I'OWS on the eight annuli. On the above-mentioned light 
longitudinal !ines tbese kJlobs Ol'Clll' in the same way. They do not 
make the impl'6Ssioll of standing in any relatioll eithel' to tbe dal'k 
Ol' to the light speeks, their OWII hue in fact is a mueh clearer 
wllite tlmn t\}a! of the latter. So we can only suppose, tbat at the 
last moult tbey disappear, to be replaeed by the (tolerably regular) 
white spots in the dal'k grolllld-eoloul'. 

Wben we pass from tbe caterpillar of conuolvuli to that of at/'opos 
and ligust1'i, the design of these latter two is seen to eorrespond (0 

that of the fl!'st in all suclt ins/anees, as ean be eonsidered as secon­
dary moditications of tbe ol'iginal pat.tern; tbose pal'ts of it on the 
eontrary, whieb in conoolvuli are found in tbe least moditied condi­
tion, having nearly vanished in lbe other two speeies. The same 
may be said of the thorax: bere tbe proeess bas led to total absence 
of pattern ill atropos and l~q1lstn. Dpon the abdominal segmen(s on 
the ('ontral'y the pattem is tbe same for all· (hree, only differing in 
sbades and in completeness. 

These facts undollbteclly offer IICW and valuable argllrnents for the 
supposition, that the absence of pattem is a eonsequenee or obliteration; 
the two lat.ter species tlterefol'e baving suffered stl'ollger regressioJl 
from the original conditiOll than convo/vuli. 

Still in anothel' instanee the lastnamed species seems to show tbe 
more primitive couditiol1s, viz. in tbe simple alld few eolours that 
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enter into the eomposition of the pattern: darkbrown and diluted 
yellow, It is true that these eololll'S only maintain themselves in tbe 
oldet' insta\'s of the lar\'al period, as originally the catet'pillar is 
green. So when we SbOllld asel'ibe a gencral applicability to the 
rule tbat tbe eololll'S and mal'kings of tbe yOllnger stages invariably 
l'epl'esent more original conditions than those of the later, we sbould 
be obliged to suppose that the bl'own colonr had arisen from the 
green one. But thOllgh tbi.s rule eanbe fipplied in man.)' cases, it 
by no meamJ may be eonsidel'ed as of universal valielity, Espeeially 

in insects I am of opinion that evel'ywhel'e the green eolour is a 
secondal'y modifieation of otheL' shades, wbieh lie fal'thel' to the red 
siele of the speetrum, as I have all'eady tried to dernonstmte in my 

paper on th0 genus Charfigia among Hepialids. 
In convolvuli therefore the change from green to brown should 

be considel'ed as areversion to mOl'e pl'imitive eonditions, and in 
conneetion with tbis supposition we might regal'd the green 
coloue In l(qustri, and to a eerlain extent also in atropos, 
as due 10 seeondary rnodifieation 1). Possihly this change in tbe 
geneml sbade might be beougbt in eonneetion with the reduetion 
of the original design, which OH the thorax has led to complete, on 
the abdomen to partial oblitel'atioll~ and moreover on the latter bas 
called fOl'th a gl'eater contrast between the uniformised green ground­
colour and the very obvious pink and wbHe oblique striae. 

As 11. hint that in convolvuli tbe bl'own eaterpillar bas best l'etained 

the Ol'iginal eharacter, we mayalso regal'd, that in this speeiesthe 
eonnection of the rnal'kings with the everywhel'e oeeurring subdivision 
of the body-segrnents in a series of cight annuli or subsegments is 
most conspiel1ous. But likewise in tbe olher two speeies it is obvious 

that the diagonal striae (pink and w hite in li,qustl'i, pink and yellow 
in at1'opoS) are eomposed of a step-like series of dark and light 
bloeks of eoloUl', With regard to tbis feat.ure, those of the firstmen­
tioned speeies strike us by the peculial'ity, tbat in the forward 
pr'olongation of tbe diagonal striae on the foregoing segment a row 
of three Ol' fonr white speeks oceuL'S, growing smaller from behind 
fOl'\vard. In tbis antel'iol' prolongation of the wbite striae tbe blending 
of the speeks, whieh enter into theil' eomposition, has not yet taken plaee. 

In the green eaterlJillar of ati'opoS another proof is seen for the asser­
tion, that more extensive striae, bands and fields of colour are tbe result 
of the blending of smaller spots arl'anged in transverse rows, Fol' 

1) This species also possesses a brown variety of the ca!erp~lIar, and this, as weil 
as that of convolvuli, shows a more complete and pflllllllve patlern than the 

green one, 
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on tbe billisb dorsal stripe as weil as on tlle neighbouring yellow 
sllbdot'sal hands anel the pink-reel oblique Interal bnnds, we find 
gl'OUpS of knobs, whieh evidently nre l'eglllnrly arrnnged on botb 
sides of tlJe median lille, in eight transverse rows, whiell eOl'l'espond 
to the annuli eomposing ench segment, the numbel' of the wharts 
in tbe blue diminishing fl'om befOl'e backwal'ds in the ratio of three 
to two to one, Each knob enl'l'ies a hail', Ol' at least was originally 
pJ'ovided with one. On the pink bands the knobs have the same 
hue as tbe band itself, only a little deeper, in the yellow anc! the 
blue 011 the contral'y they l'etnin that same pink colour of tbeir 
own. On the antel'ior row of eaeh segment, where tbe lIIunber of 
wharts in the blue reaehes its maximnm (8 Ol' 4 at each side of 
the median line) the wine-reel eolour even extends around tbe two 
lateral tubercles, and embraces them in one larger deep-l'ed bloteh. 
Surveying the whole of the segments, these blotebes are seen arranged 
to both sides of the median line in a series marldng the subdorsal 
line; tbis scries ean he retmced i 11 convo[vuli, in tbe form of 
tbe rows of dark subdol'sal spots desel'ibed befol'e,which rows are 
in imrnediate contact with similar ranges of elear yellow-white 
maeulae, nearet' to the dOl'sal line, tbe latter itself being marked 
by dark stripes (3, one behind the otber, on eaeh segment). 

Wben now we pass to the survey of the body-markings of the 
imagines and begin witl! the abdominal segments of convolvuli, we' 
here again meet. the dOt'sal line as a series of little blaek stripes. 
To both sides of Ibis tbe subdorsal design is arranged as a sequenee 
of gl'ey areas touehing the dorso·latel'al eolour·markirws with a 

. I 6 
specIa convexly-curved bOl'derline, These fielels thernselves are eom-
posed on eaeh abdominal ring of thl'ee tmnsverse bands: a narrow 
anterior one of wbite, and two mueh broader ones behind, the fh·st 
pink, tbc secOlId jet-blaek, Tbis set of three transverse bands is 
repeated seven times: at tbe end comes one segment with onlv a blaek 
dOt'sal stripe, Tile ventral border of Ihis IMeral pattern farms an 
almost straight lino, sitllated aJ a eertain distance aboye the l'owof 
stigmata .. Tho intet'venillg epistigmal seam is eoloured less eon spi­
euout-lly In tbe same way as the entire hypostigmal ventral surfaae; 
yet it is possihle to distinguisb darker S(lts of bail'bundles, whieh" 
assoeiate wit.h tbe red and blaek bands, alld a row of white bIlshes 
of hair st retcbing right above the stigmata. 

'l'bollgb as mentioned, tbe ventral side shows no vividly colonred 
patlel'l1, tlIis llnifot'tnity of hue is pl'e~isely the eause, that a set of 
lwo dark spots in tbe "entral rniddleline, at tbe front-border of tbe 
four,tb and the fifth abdûminal segment, is highly eonspicuous. 



372 

In rny opullon the transverse markings of the dOl'solatOl'al Helds 
might be ascl'ibed 10 the original distl'ibution of tbe eoloUl' in dol'so­
ventral bars, eOl'l'esponding to the eighl annuli whieh enter into 
the compoRition of eaeh segment; pl'oba.bly the wbite represents the 

fit'st annulus, the pink area tbe following fou!', tbe blaek the poste­
rior tbree, but in conuolvuli tbe limits of tbe single dngs are indis­
tinet. As we shall see, this division ean l'eally be traeed in imagines 

of othel' Sphingids. 
Now cornparing this pattem of the abdomen 10 that ofthe thorax, 

we rernal'k that the gl'ey ground-eoloUl' along tbe dorsal side of 
the latter, pl'ovided witb th!'ee darkeI' longitudinal striae on both 

sides of lhe rniddle-line, evidently may be eonsidered as a bl'oadening 
of the dorsal rnarkings of the abdomen. Over the root of the wings 
runs a g!'eyish-white streak of long, soft hail's, forming a eontinuation 
of the white t!'ansvel'sal markings of' the abdorninal segments, 
espeeially of their dOl'sal part, whieh on tbe seeond segment already 
bas the shape of all isolated rOllnd wllite bloteh. Tbis light stripe 
over the wing-root (epipLeJ'ygial stripe) should pl'obably. not be 
eonsidered the homologon of the white subdoI'sal line on tbe thorax 

of' tbe eatel'pillar. 
In the tbil'd plaee an evident conneetioJl exists bei ween tbe rnal'kings 

on the upperside of the hindwing and tbose on the dOl'sal side of 
the body, as weil of the thorax as of the abdomen. The said wing­
design eOllsisLs of dark spots arI'aliged in bands on a lighter ground. 

These bands appal'ently stand perpendicularly to tbe longitudinal axis 
of the body, thel'eby agreeing in position vvi/h tbe anteriOl' thl'ee 
blaek transvel'sal rings on the abdomen. As a matter offaet howevel' 
tbey are not transverse but Jongitudinal bands, because they run 
from the anteriol' tovvaJ'ds the posleriol' border of the vl'Îng, the 
apparent transverse position only being a eonsequenee of the I'ound­
ing off and redIletion of the hinclwings, whieb in Sphingids has 

taken plaee in an extreme degree. 
When as desel'ibed before, tbe !Jindwings are projeeled UpOll tbe 

lateral walls of the thorax, the dark bands ma}' be drawn on tbe 
wing-fields as longit1ldinal lines, \'iz: in an ol'o-eaudal direction. In 
tbis way tbe similal'ity with the lateral design of the abdomen, 
wbieh al th'st aspect is so striking, withdmws to the baekgrollnd, 

Ol', mtbe!', is l'edllCed to its real pl'oportiolls. 
lndeed, as weIl as t!Je design on the anlluli of the thOl'aeal segments 

of the conuolvuli-eutel'pillal', tbat on tbe wings is seen 10 eonsist of' 
dOl'so-venll'al rows of altel'llately cJark and light spots, wbieh are 
arranged in longitudinal ehains, by their situation at the same level 

.~ .. \ 
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~]pon the succeeding allllllli. It is true tba!; the slll·face of the wing 
IS not divided inro regular allnnli in tbe same way as the body-wall. 
yet also its smfnee becomes pal'celled into so-called cells by 'means 

of the venous system, tbis division showing a considerabIe arnount 
of similarity to the fil'st-mentioned division in annuli. One even 
migbt feel tempted to ascribe a certain impol'tanee 1;0 the fact, tbat 

in the neighbourhood of tbe wing-root the numbel' of internel'vural 
cells is equivalent to that of the annllli of tbe lal'val segments, wben 
the OI'iginal nmnbel' of veins in tlle p1'oxirnal area of tbe wing is 

taken to be eight, (eosla, subeosta, radius, medius, ellbitus and tbl'ee anals). 
Comparing the body-design of the convoluuh-irnago to t!Jat of tbe 

corresponding stages of l~q1tstl'i alld atl'opos, the similaeity is obviol1s 
on fiest view, and not less striking than tl!a!; of the wing·pattel'l1s. 
But entering into details, whieh at fiJ'st sight rnight seem to b@ 
tri fles without deeper meaning, a few eluious features may be 

~'ema!'ked, whieh draw the ol'iginal similal'ity with the caterpillal's 
Into stl'Ongel' evidenee. So in l~lJustTi the contrast between the light 
areas on both sides of the blaek median dOt'salline and the enlargen 

dOl'sal tops of tlJe blaek transversal bars, is sharpel' than in convol­
vuJi, these broadened black tops, pl'otl'aeted as they are towards 
the head-side, pl'odueing the impression of a seqnenee of dark sub­

dOt'sa! spots separated hy tbe latel'al emel'geneies of the fron t-comel's 
of the lighlbl'owll subdol'sal fields, in a higher degree than is the 
ease in the last named species. 

, Likewise iu l(lJustl'i tbe white lateral tl'ansversal stl'ipes along tlte 
irontbol'del' of the segrnents are laeking, or 10 express it more 
eOl'l'eetly, the white is replaced by blaek, wbieh eoalesees with that 
along the back-border of the foregoing segment, tbe blaek between 
the first and the seeond abdominal segment being restl'Îeted 10 a 
subdorsal bloteb. Moreover tbe ventral ends of tbe hJaek and of tbe 
red transvel'sal bands are obliqnely trufleated, whieh ealls fodb the 
impression of a zig-zag-line, running at a eertain distance above the 

s~ries 'of t1~e stigmata, wbieh line eorresponds to the system of 
dlagonal stnpes on tbe abdominal segnlents of the eaterpillar. 

At the ventral side the design bas l'emained unaltered in a mueh 

higher degree t!Jan in convolvu!i, the dark ventral line stretehing 
over the wbole of t!Je segmenls. At both sides of tbis line light areas are 
found,wbich at the level of the stigmataare marked otfby a dark festoOIled 
line. On the thorax the resernblance wilh convolvuZ'i is stl'iking, and 
espeeially the light epipterygial band is urawn with peeuliar sharpness. 

The similal'ity in design between the abdominal segments and tbe 

hindwings is still more obvious than is the case with convolvub:, 
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beeause in ligu,stTi the g1'ollndeolollL' of tlle hindwings plays into a 
rose-red hue, espeeia,lly ill tlJe neigllbourhood of the wing-l'oot, this 
red even running over into tltc root of tbc forewings. Tbc blad: 
winghands lie more exactly in tbe prolongation of (hose of the anterior 
I1bdorninal segments and show fewer tl'a(~es of tbeil' origin by the 

eoalescence of a row of intervenons spots, 
All the above-mentioned resemblallces are equally fonnd in ((tropos, 

only the hucs and the val'iegutions being diffel'ent: When we start 
from the abdomen, tbc dc)t'sal 8tI'ipe Ol! its back conesponds to that 
of the catel'pillar as well in tbc V-share of ijs segrnent8 as in lts 
blne shadc. The rose-reel eololll' of convolv1l1i and li,qustri is replaccd 
by stal'k-yellow and tbe dOl'sal borderlines betweell tbe yellow lateml 
areas on tbe abdomen and the bille dOl'sal patehes run in the same obliqlle 
direetion as the late ral sides of the V-shaped elell18nts of thc dOl'sal 

'detlign in the catel'pillar. At the ventral side of the abelomen the 
black design along the ft'ontbol'der of the segments, al least of the 
anterior ones, is weU developed, and SIIOWS well-mal'ked enlargements 
along the hypostigmal and subventl'al lilles, pointing to the pI'esence 

of series of spots at those levels. 
As weIl as in ligustri the light (in atl'opos yellow) bue of the lateral 

walls of the metathorax is contimled not onlyon the hindwings, but 
also on the root of the fOl'ewings, tbough it does not reaeh the 

front-mal'gin of tbese Jattel'. 
The cl'anial design on the dOl'sal side of meso- and metatboI'11x ma}' 

be eaAil.)! traeed back 1.0 sets of dark spots on n light ground: t wo 
pairs of these spots standing on tbe meta-, olie Oll the rneAothorax, 
just as is fOUIld in the eater'pillar, anel iJl the same way in the 
imagines of man}' other Sphingids as well as in tbose of ot bel' 
Heterocerous families. The eontoul' of the skull-image eOl'responds to 
the dorsal or medial dark longitudinal tllOracal line, wbieh forms lhe 
borderline of tbe median area of the thorax, in tbe same way as in 
conoolvuli and b:,gust1'7:. Tbe more ventral Ol' lateral tllOracal-line is 
likewise present in atropos, nlld \lext 10 it also the epipterygiallight 
streak, thOllgh here this latter does no! show the grey shade of 
convolvuli or the \'vhite of li,gustl'l;; but a dark bluish grey, whidl 

of COUl'se renders it m\leh less eonspieuous. 
Lastly compal'ing the thl'ee stages of Cluw?'ocCJ/mpa celer'io, as weU 

with each otber as with the eorrespondillg stages of the tbl'ee above­
mentioned Spbillgids, we meet agaiIl \vith all tbe al ready l'ernarked 
peellliarities, but here they are in sorne regards more complete allel 
better pronounced, in ot hel' points more ol'iginal, in ::;till oiher on the 
eontrary more modifled, either in a bigl.wl' degl'ee Ol' in a different way_ 

1 

E.g. in tbe fullgrown eaterpillal' the contrast between thorax a~d 
abdomen is of the same nature and as strikingly pronotlflced as m 
tb at of convolvuli. Tbe dOl'sal stJ'ipe is only marked by a thin but 
shal'ply dmwn blaek line, extending all along the thorax, but on the 
abdomen only covering lbe antel'Ïor thl'ee segments. Tbe light subdorsal 
and epistigmal lines on the contrary are well developed on the 
thoral'al segrnents, lhe {hst runs up to the big ocel lus-spot on the 
fil'st abdominttl ring, tbis,spot, as WI~ISl\fANN'S investigations have 

proved, diffel'entiating itsell in the course of ~evelopm.ent of the 
caterpillal' from tbe anterior part of lhe subdorsal hne on tlllS segment, 

while at the same time the posterior part obliterates, 
Tlle second eye-spot is formed in the same way. In the specimen 

at rny disposal tbis spot was mueb bigg;er alld more purely cirel1!al' 
at the left side of the body than at tbe right. On tbe laUer slde 
howevel' the spot consisted of two parts, lying irnmediately behind 
eaeh otber, and so betrayed its real nature as a part of the subdorsal 

line still beller lhan at the opposite side. 
On the next abdominal segment tmees of the light subdol'8al !ine 

ean still be deteeted, and likewise of dark spots immediately above 
it on the level of lhe first annuluB. Above the stigmata of tlle 
abdomen dark diagonal striae run npward, bordel'ed at their \'entral 
side by light stripes: pl'oving that tbe common motive of design of 
the S~hingid caterpillal's is present also here. 'l'hese stril1e ~nd stl:ipes, 
though oeeupying the whole length of the segrnents, yet tlgl1ratlvely 

speaking seem to be drawn on a baek-ground of light ~p~t.s and, 
elark stripes, wbieh themselves are strietly bonnd to the dlvlslOn of 

the segments into annuli. . 
Mo\'eovel' a contrast exists between the dor'sal anel the vontral stde. 

On the fit'st we meet at ever.)! annnius with a row of small black 
stripes, between wbieh the gl'ounel-cololH' is lighter and. there~o~e 
makes tbe impression of dear spots separated by blaek lmes. '1 hlS 

part of the design shows a gl'eat similal'ity with the annnli-mal'kings 

of the full-grown convolculi-eatel'pillal'. 
At the ventral side on the contrary eaeh annulus carries a 1'0W 

of white lentifol'm knobs, eonstituting tbe basal cushions of short 
setae_ On the level of the epistigmal area the knobs pass inlo the 
light spots, evidently tbe latter oecupy the same plaee as the former, 
at least tbe knobs diminish in si'/,e and conspicllousness towards tbe 
dorsal side. 'I'his feature thel'efol'e confjrrns the asserl.ion tbat the 
colour-pa,ttern of tbe fullgl'owll convolvllli-eatel'pillar may be deriveel 
from tbe eondition befo1'e tbe last ecdysis, by sllpposing tbe knobs 
to fall out and to be(~ome l'eplaeed by the light spots. lt also deserves 
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attention, thaI in cele7'l'o tbe kllobs have mailltained themselves at 

the ventral side of the c~,terpillar, in atl'opos Oll Uw contrary at 

Ihe dor'sal sUt'face, while in Zi,qustl'i theJ' are tolally absent, pl'obabIJ' 
an effect of obliteration. 

These J'ows of knobs, standing l'eglllarly aJ'ranged along the annLlli, 
probablJ' repl'esent the same feature as the chagl'inatioll of the larval 
skin, mentioned for manJ' Sphingid-caterpillal's bJ' WIOSi\{ANN and 
Voss, these investigators ho wever havil,!g paid no special altention 
to tbis featnre. When stlldying Lhe figll'l'es, whicb tbe latter authoe 

gives fOl' tbe younger' instat's of the Smel'intlws-eatel'pillal's e.g. the 
J'ellowish-gl'een variety of S. ocellIltus, (fig. 22, 111 stage and 23, 
III stage), we find distinet indications of these light spots al'l'anged 

in a dOl'so-ventral row on the annllli. Judging frorn oldel' figlll'es of 

Cemtoma amyntor and PO,qoco!on nessus, the 1'0WS of setifel'ous 
knobs bere mn J'cgulal'lJ' frorn the dorsal to the vAnlTal side of' all 
the segrnents, those of tile thol'ax as weIl as those of the abdomen, 

Now comparing the catel'pillar of ce!e?·I:o with thc body of the 
lllotb, tbe cOt'l'espondenee in design in mail,)' regards is still morc 
stl'iJdng than in the bef'ore-mentioned species of Sphingids. Fo!' on 
the dOl'sal side of the abdomen of the imago the mal'kings consist 
of alternating light and elark longitudinal lines, and these liJles are 
seen to be cornposed ot' a ciJain of colou!'ed patches, whieh on evel'y 
segment elearly show tiJe division info annuli, jus! as on the body 
of the eatet'pillal'. On tbe first and the last annulus of cach segment 

the design is developed best: silvery-white spots in the dor'sal median 
line and subdot'sal stripes rnal'king the antel'ior and the posterior 
border of the antel'ior ahdominal segments. Along eithet' side of the 
median line (wbieh behind Ibe rnentioned white spot cal'l'ies a series 

ot black stTipes), dark bands run in a longitudinal dil'ection; these 
as weil as t!Je median stTipe are prolonged over the thorax. To tbe 
Jateral side of these tbl'ee dark bands a silvery slripe is formed, the 
homologue of' the subdol'sal line, anel over Ihe 1'001 of the wing we 

again meet the light epipterygial stripe whieh runs on to Ihe head 

above the eye, and sbows a gt'eat similal'ity 10 the epistigmal stripe 
of the caterpillar. But on the abdominal segments we are likewise 
able to pistinguish stigmal, bypostigmal, subventml and ventral 
longitlldinal bands, and we also see that the epistigmal, the subdor­

sal and the dor'sal bands are charaeterized by the OCCUlTence of 
silvery-while bushes of hail'S. Using a, magllifying glass fol' more 
minnte obsel'vation, eaeh of these stl'ipes is seen to be again com­

posed of lightel' and dal'kel' bushes and groups of speeks, the wbole 
cirenmfel'ence from tbe dOl'sal to the ventml median line Iherefore 
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showing no less tban 27 cololll'··patehes val'ying in bue. E.g. tbe 
bl'ûwnish·blaek bands to either side of tbc dOl'sal median stripe are 

by no means uniformI,)' eolout'ed, but show a mosaic of ~I~ek 
anel light seales, These bands pass on to the thol'ax almost unmoddle~. 
Espeeially the eonlinnation of tile subdorsal stl'ipe on the tborax 18 

strikin o., as tbe white bl1shes, whieh eharaetel'i'l,e Ihis sll'ipe on the 

abdom:ll, are also seen on tbe thorax. Thc epiptel'ygial stl'ipe 
evidently l'epresents the (Jt'olongation of t.be epistigmal line, t.his line 

bf\ing likcwise marked by yellowish-white busbes. Behind the eye 
the subdol'saland tbe epiptel'ygial stJ'ipe' unile into one. 

But tmees of the diagonal stripes may, I believe, also be deteeted, 
at least in some specimens, in Ihe shape of dal'k and light oblique 

bands on tbe sides of eacb segrnf\nt, above the stigma. TllOse features 
whieh in celeT}:o are eithet' absent Ol' VCl'y indistinet, are un­

mistakably present in olhel' species, e. g. a!ecto. Abo.ut tbe w~ng. 
design of celerio we still want to remark tbat the eonsulerable d~ffe. 
renee bet ween tbe upper sul'faee of the fOl'e- and thai of the hmd­

wing, in contrast to the nearly perfect sirnilal'itJ' of' bath w~ngs at 
tbeir undel'side, pl'obably points to the faet, that the uppel'side bas 

beeorne secondaril,)' modified to an irnportantdegree. Now it .is 
rernarkable that at tbis. side the forewings, in hues as weil as 111 

design, show gt'eater similal'ity to tbe dor:sal sid~ of tbe tborax 
a,nd abdomen than does the hindwing, notwtthstandlIlg tlle fact that 

on the first-named tbc V-diagonal design (as I have called it) is 

strongly expressed. lVlo/'eovel' tlIis design, with reg~l'd to the dil'ec.tion 
of the diao'onal-line, possesses a striking similanty to the obiIque 
mal'kings ~n the abdominal rings of the eaterpillar. 'I'his similal'ity 
espeeiall,)' enters into evidence, wben the wing is pf'Ojeefed in the 
above-c1eseribed way on the lateral wal! of tbe thorax. 

ln conclusion I ~isi1 to say a f'ew wOl'ds about the design of the 

pupae, which in Sphingids, as already ment~oned. in a foregoing. 
paper, has been Pl'eserved more or lcss, espeelallJ' 1fI. tbe gl'OUp of 
the Ohaeroeampinae. lt consists of dat'k blotebes on a Ilghtcl' ground: 

shape anel size' of these blotehes is rathel' irregulat', yet it is clear 
that they are at't'anged in rows, corresponding to the dorsal, sub­
dorsal, c'pistigmal, stigmal, hypostigmal, subventral and ventrallines of 

the eatet'pillars and imagilles. In a few specimens, wbieb J fOllnd oeeasion 

to investigate (amongst whieh was one of unknown del'ivati~n, the 
species thel'efol'e l'emaining uneertain to me) the. I1.LlInber of these 
rows of spots is ll1ul'h higher, wbieh leads to a stnlong I'esemblanee 

with the design of imagines, espeeially cele'l'io. Though I eonld not 
yet find leisul'e to study in details the similarity between eatel'pillar 
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and imago (eventually also pupa) of other forms tlJan the Sphingids, [feel 

convineed, that it may be pl'oved for a gl'eat many Lepidoptera, e.g. 

Satlll'flidae and man.)' Bombycidae, and cel'tainly also fol' Geometl'idae. 

Frorn the above mentionecl obsel'vations I feel jllstiiîed in rnaking 

the following dedllctions: 
The mal'kings on tbe bOdy of éatel'pillars, pupae and irnagines 

follow the same l'ule as those on tbe wings of tile latte!'. Conse­

quently the ol'iginal design is regular, simple, lirnited Lo each segment 

separately, complete, uniform ovel' the whole extent of tbe segment, 

bound to the dispereal of tbe setae over its sUl'face, and to the 

division of the latter into secolldary I'ings Ol' annnli. Tbe cololll', 

in which this patlern is executed, may differ, and is of no account 

as 10 its real chamcter. Yet there exists a certain conneetion 

between different hues: green fo!' instanee always appearing as a 

seconda!'y modification of otber sbades, especially bl'own, gl'ey or yellow. 

Modifications of the original pattern take place in a similar way 

and aftel' the same rules as those on the wings. Through tbe accen­

tuation of a contrast in shades bet ween neighboUl'ing spois, wbich 

originally we re similarly colollred, a richel' gamma of hues may be 

produced. Vel'tical,hol'izontal and oblique lines are fonned by coa­

lescence of 1'0WS of primary spots; rnaeulae, eye-spots, bands and 

areas relOult fl'om the acereseenee of spots and (Ol') theil' blending with 

others iil lheir vicinity. Finally the whole bulk of the separate 

spots may merge into one general sbade. 

Attention should also be paid to the fact, that in the same way 

as the fronl-seam of both wings is often mal'ked in a different and 

strongel' wa.}' than the rest of the sUl'face (especially at tbe under­

side), tbe fh'st annulus of each segment likewise surpasses the rest 

of the annnli in sharpness of design and coloration. 

However restdcted tbe material fOl' my invest.igations may have 

been, it Ilas convinced me still more of the validity of my 

assumption, that a primal'y l'elation exists between tbe colour-de8ign 

of caterpillal', pupa and imago, the pattem of the imagillal instar of ten 

showing a more pl'imitive type· than tb at of t.118 fullgrown eatel'pillar. 

The contrast bet.ween thoracal and abdominal pattern, wbich 

al ready ill the yOllnger instars of the eatel'pillar mauifests itself in 

the different distribution of tbe selae (comp. J. rr. OUUEMANS and A. 

SUHIl~HBEEK), maintains itself as wel! in the later instars by differen­

ces in colou1' aud design, oceurl'ing in the great majority of cat er­

pillars. An identical detlign 011 thorax and abdomen is probably the 

result of secondal'Y change. 
Groningen, Janual'y 1920. 

Physics. - "On Centres of Luminescence and Variations of t!te 
Gas PressuJ'ein Spectrum Tubes at E'lectrical DisclU11'ges." 
By L. HAMBUHGlI:H. (Comrnunicated by Prof. H. A. I~oREN'l'z). 

(Communicated at the meeting of April 23, 1920). 

j. Introduction. 

Three years ago 1) we publisbed the results of same observations, 

in which aUlOng othel's lhe faet was staled that wben discharges are 

sent tbrongh a spectrum tube, val'iations of tbe gas pt'essure may 

occur at tbe anode and the catbode. 

Tbey owe lheir existenee to the difference in properties of positive 

and negative ions. As J. S'l'AHK 2) all'eady observed, the difference existing 

between the two kinds of ions gives rise to the two following effects : 

a. The appeal'anee of pbenomena eonnected with tbe electl'ieal 

wind (in general the electl'ostl'iction). 

b. Nlass tl'ansportation by means of the electdc C\ll'rent. 

rfhe object of this paper is among otber things to examine whieb 

of these two effects, whieh are in eOllneetion witlt each other, as 

they both rest on the differenee inpl'opel'ties of tbe ions, has a gl'eatel' 

part in the observed variations of· the gas pt'essure. In eonnection 

with Ihis the centres of electro-Iuminescence wil! then be considel·ed. 

2. Elect1'ostriction. 

A Du teb pbysieist D. Bos 3) has already made an extensi ve study 

of this. He finds fol' gases sueh slight variations of volume, resp. of 

pressUt'e, (loc. eit. p. 92 et seq.), (hat it is elear that with ihe pl'essure 

efï'ec(s observed by liS -- to an amount of 30 % and mOl'e of the 

total pl'essul'e .~ electrostl'ietion Call110t have had an appreciable 

dil'eet influenee. 

In the ease of disehal'ges thl'ough a spectrum tube the phenomena 

of the eleelrical willd eOlHleeted with electl'ostrietion may be considel'ed 

as a cOllseqllellce of the frietion bet.ween tbe ions and the neutral 

gas molecu les. lt is cleat' t ha! the electrical pl'essure wil! bè the 

gl'eatel' as the diffel'enee in properties of the positive and negative 

ions is greater. As we.tll'eady rnentionE'd, tiJis electrical pl'essure is 

of an entil'ely different orde!' of ma.gnit Ilde than tbe val'iations of the 

gas pt'esslH'e obsel'ved by us. 

1) L.HAMBLTR.GER, Diss. Delft 1917. These Proc. 20,.1045 (1917). 
2) J. ;)TARK. 13owzMANN·j<'eslschrift 1904. 
3) Diss. Groningen 18~O. 
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