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The Insect Tranaformation presents one of the most interesting

=
54.

RODUCT I

of the many phenomena of living things about us.  To the popular im-
agination 1t ls a manifeatation of the supernatural. To the biologlst
it offers unrivalled material for the gtudy of several fundmmeﬁtal tigane
reacﬁions: extensive tissue degenerations followed by correspondingly ]
graat tissue reg@nermtions;' delayed cell differentiamtion and cell re-
generatlon and sometimes even, it seems, celluler dedifferentiation;
while the csses of phagocytosis someblimes met with are axtraordinary.
Neverthéiess ita study has been very neglected, |
Numbers of the grent eurly an&tpmists - Malpighl, Swémmérdém,
Lyonet, Direkhelm - turned their attention to the struéture of insecls,
and though they were able to show that the larvse of insects had already
the same gonerxl anatomy as had the adult ingects, yet the difficulties
of the disgection of the soft semifiuid contentg of the nupnl sheLl proved
s0 great, thet the proceass of tr&anormatlon wes nob elucidut@d | i
Reaumur, it is true, had been able to show thal the limbs of the
adult insect were o be found invdanabed beneuth the aurface of the hody i
of the nymph . Newport (1858) had observed the concentraticon of the gann |
S glin of the.ventral nerve cérd.as it'chanﬁed from the larval to the im-
aginal condition, but'be?ond these fects nobthing was known; and Okén,
who wrote hls voluminous "Allgemeine Naturgeachichte" et about this time |
(1826) , summarised'his knowledge.of the prucéaé thua:~ (Vol.5, p.714)
"4t the last moult the insécﬂs become covered by a horny shell;.&hioh
is devoid of feet snd oral appendages. Consequently in thig stape they -
lie quiet for sevaral weeks, often throughout the whole winter, without

. feeding or m0v1ng and in this condltlon are Jpoken of ag Pupne or Nymphs.

. . - — i
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‘Under this shell is gfadually formed the perfect insect, the fly with‘
1te three body parts, with ity new feeding orgens, feet and wings; fi-
nally the skin bplltﬂ dorsally, the ingect creeps out, waits o few min-
utes till it has‘hardened, and then crawls or flies away, to seek other
food or to reproduce. This gradual step-like development is spoken of
89 & Tranﬁform&tion or Metamorphosish,

Tt was not till the publication in 1564 of Weismenn's great
memoir on the metamorphosis of the blow-fly that any light was thrown on
the prooeas; Velamann, withogt.ﬂny modern technique available to'him,
and uaihg only the old method of hend dissections studied the process
with remarkeble accuracy. iz observutions were wmade more on hroad
genersl snatomical lines. He was able to show that the larvel tissues
undarwant & nrocesgs of diSintegration ~"histolyais" he chii@d it - into.
rounded bodies, which he called Kgrnch@nkugeln, and that the imago in |
turn was formed from small arens of cells, which Swammerdam had &lreﬁdy
Acscorered
Gredaaed , though he had not recognised their significance; to theae
he gave the name "Imaginal Discs", He wss able to demonstrste the
sexuanl orgens In s young condition in the larva, and to show that the
insect metemorphosig wes entirely different from the alternation of
generations that ocenrred in some groups of animals and pleanta, He
demonstrated the oceurrence of metamorphosis in most of the oreans of
the hody, including tﬁe heart, and nervous'system¢, which other inves-
tipators with more elaborate technlgue nt thefr dispogal have since
questioned; and though his obaervﬁtions were necessarily incomplete
and did not extend largely to cell changem;.yet hls conclusions weré,
in the main, correct.

Sinoe W@ismann'slmemoir the blow-fly (g@LLignqg@)-hus been used

oy & number of investigutors for the Study of metamorphosis, so  that
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our knowledee of the process in this insect, though still very incom-

plete, is much fuller than that of sny other. Tn.1876 the Russisn

fiandin wrote upon it, and deseribed the imspginal Mnests" within the

Intestine. Tn 1884, Van Rees, and in the foilowing vyear, qujté indeQ
pendently Kowalevsky, cuided by Metéhnikoff's recent discovery of??ﬁagon
aytie action of leucocythes, showdthat, the larval tissues were destroyed
by the interference of these colourless corpuscles of the hlood. A
speclal interpretation was therefore plsced on Weismann's histolysls,
and the "Kgrnchenkugeln" proved to he nothing but porged phagooytea, 2}
foet the truth of which Wetchnikoff had himself alresdy percelved ﬁrom
the drawings given by Ganin, |

| Since that time a number of other observers have andded detsils
to the knowledge accummlated by the earlier workers:- Van Rees studied
it in'1888; Lowne published a few ohervations (mostly-incorrect).in
1800 - 1885; | Vaney wrote about it in 1802; whlle Pérez publisghed hiéw
very detalled work in 1010, |

In 1869, and later in 1901, Berlese'nubllshed his observations,

and seriously questioned the 1mportant BDe which the 1eucuoytes played

in the removal of the larval tismues, 'rom the earlier writinga it

seems to follow that the leucocytes attack the living tissues, ao'that
metamorphosis is, in psrt, brought about by more thaﬁ usually highly'
endoweﬁ leucoeytes., Berlese denied ﬁhia conception entirely.. As he
aype&rs to have bheen misunderstood by others, it is best to ﬁuoﬁe:his
own words (1901). "Phégocytosis never occurs, and amoehocyles only
become asctive when the muscle has dlSlnt@grdtGd through internﬂl cauaes"
BV phagocytosls he GV1dently means the phagocytosis of ;;thg tissues;

and his "amoebocytea™ eppear Lo be a cdongregation of. various klnds of

embryonic cells and leucoeytes, though he does not specially mentton
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thesé. rérez (1910), on the other hend, hes teken precisely the oppo-
gite view, and regards the leucocytes ss pleying the meln psrl in the
deastruction of tilssues. "I think I have proved satisfectorily that

the distntegretion of the muscle is due to phagocytes end thet there is

ne sponbeneous fropmentetion of this orgen into sacrolytes ss Berlese

thought!. I may say st once, thet the study of the metamorphosig of
Nesonls has led me to conclude that. while neither statement is duite
correct nelther is wholly wrong; - phagocytes play a large perbt "in the
removal of lurvsl tissues, but such tissues sre slways dead.

Besides the observetlons of these workers, others have been made
on portions of the metamorphosis of other insects, but nothing so exten—
slve na those mede on the blow-fly exiats. In 187¢ ~ 1876 Kllnckel
d'Herculais published his studies on the strudture and trensformetlon
of the syrphid fly EQJuQQ}JgJ Dé%ener in more_rwcbnt years han studied
the transformation of the intestine in & number of Insects; - and Verson
(18¢8) exemined 1t in the silkworm, péroy (1802) exmmined portions of
the metemorvhosis of the ant Formies rufa_ Bauer studied the trens-
formetion of the brein in seversl ingects; snd in 1912 Gunther investi-
gated the develovment of the eye in Dybiscus. In 1910 Poyarkoff pub-
lished his very interesting cbservablions on the metamorphosis of & beetle
Galerues: he shuwed that, vhile some organs undérwent the usual tyre.
of ph&gooytio hyétolysis othérs (the integument and part of the intes-
tine) pessed through a rem&rkaﬁle process of cellular rejuvenation.

It mey be said then, that while we possess e congiderable know-

- ledge of the main festures of inseot metemorphosis, on some of the fun~

dementsl facts much difference of opinion preveils. . Why do the larvel

tissues dilsappear? Do the phagoeybes kill them, or do they merely re-

move them after they have died? If the latter, then how 1s thelr death
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brought ebout?  1f 4n one insect phegooytic histolysis coours, and in
another merely cellylay rwjuvanatiun, how sre we Lo correlste the pro-
ceanen? It ig these questions that 1 ghell sbtennt Lo onswer in the
present paner.  The histolopical changes undergone by some of the larve
OrEANS MoTeover have never bheen exsminad = heart, verivhersl nerves,
ventrsl Nerve cord, snd others, while the greatest differences of onin-
lon vrevell shout the detuila of éther Organs such sg the muacleé and
intestine, |

An equally interesting anestion is the relation In which the
insects which show g metmmorphgsia stbend to those in which 1t i absent:
this nuestion hns heen discussed by Lubboek (1&74), and more recently by
Desgeney (1569). _Luhhock'ﬂ_eonclusion, thet the metomorphoais was mad@
neceasury because the lervee hed diflerent, feeding hahits ond conseﬁu@ntw
ly different mouth-parts from those of the adull insects, is not very
sablafactory, ¥nile 1t iz true thet the brenaition from one Fo the
obher wonld hove tﬁ be slow and would hove Lo tnke plece during a reat-
ing stuge, 1t faila to saccount fop the meteworphosis of stractvres of
almost negliesible importence, sich, for example, us the fine sumetopl eu-
Tal memhers henesth the integument. 1t falls slso to explein the mety-
morphosisa of the feading orgsne in insects dn which the lavvee ind adelts
have the same Feadine habita, auch, for eXamule, aa many of the carﬁivou
rous beetles. Moveover, the resl thing to show is why the 1arﬁal form
shiculd ever have heen evolved, neceassitating the parsllel evolution of
o mwetemcrphosia, when scme in&@ét&, vary successful in the strugele fdr
exlstence, have gob on so well without 1t, Th@‘amncluaion ¢f Deepener,
that the larvel form 1s g stupe graduslly inserted between the early
embryo sbote snd the Hdﬁlt; ig undonbtedly guite correct «nd seems to he

usuelly scoepted to-day. Nevertheless he throws no light on the ressun
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why éuch s form should ever have been evolved, nour does he exnlein why
It leter trﬁnﬂforma j%ﬂelf into the mmture Insect.

It wis to snewer these ﬂavefal aquegtlons thaet wa present work
wag undertaken. The insect whieh I the cmployod is a‘smmll chal¢id
waap Wasonis. brevicornis, very common in fustrelis snd fmerics 88 &
paraalte on exvoaed purne of miseid flies. According to Mr.A. A Girault
it ds identical wjth Hoso ];_{th;ﬂ@§*BOﬁGmﬁﬂ, from Turcye, and is evi-
dently of world-wide digtribution. fa the work proceeded 1 found mysel £
at o disadvantage in thot very little was known ahout the internal annt-
oy mf‘chmlﬁid wusps, vhile the study of the &n&tumy of the larvae hed
#lac heen preatly neglected, snd more than one very serious misinterpre-

tetlon had heen accepted as fect. I have therafore resolved to extend

the scope of the paner. In the firet portion the verlous orgens of
the lorva snd sdult are described nnd o Falrly deteiled socount of them

1a given ns they transforn frum the lurval to the sdult const1unﬂ. In
the second part T shall at Lem: t to explein Lho ithye 10Ll“}C,i basis of
the metamerphosis, and to discuass the faetora vhich hove underlain the

evolution of the process.





