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MR, A BERENRRATEIGE”, LT Ak A e s bR s A
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AE AP, FHEL IR B A A 7 S 2 A A At AR TR 25 25 0 24 N PR R A5 B w1 A 160
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=, AW KEHEL Epimorpha:
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TSR IAR,  Sohh, BS54 ARG R s de (L RO AHAE , 19 2 R ey 36 IR 3 S, 74
JE SV % I REFEEINE #98 (Tomasvary organ), 476 B, 18785 KA, 4T A L
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AR EAIRE R A8 B R R, A R R B AR IR 12 R #Ehsiae
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Mok —8r, UBRFHESEH, XF B MEEEARREE, mihnsko R s
(Ocellia articulicornis) F1:2x k=X ful /4 6948 B 25 ( Trinemophora michaelseni),
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K4 RA—FsHENHHH
Lo A8 ahy 5 ARE, 2. P55 /RR5E, BB Bi—BAR LR A, 3.3k 0952,
4. M8 1958 ARSI 952, 5. THIBNT A, 6 TTUBITREEI R, 7. BHIR 1938 4145
%, 8. PWRKMH T, 9. BIIIR 1949 451952,
2Ry —FBRERNTE
Eﬁ?’ﬂﬁ]%%Z%&ﬁ%i%ﬁ%@é?ﬂﬁ@ﬂ%ﬁﬂﬁﬁ%, R IL M AT, THE B
BB O, B R A R p0— R IEZE () , AR B U B R
Bo
BT b @I H AR =E B VR BB A A TS R BIMNRL,  RER
7%1-?%%84], B AR &R BRI AR, T B S AR LSS H AP,
B EsE R PUREL A B g, 15 T B H a0 EBE RN IEA LR AR DA
7 B9 2R B 5 1), LA S B ol R [R) S 25 B — S B ey 70 9 (Palaeoptera) , 55 — BT 2 (Neop-
tera), BB EIEEHPID B IFIE B P B EE, XRR BBBR AR, FETI A,
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FHF I R AR A 364 T, FUARBR ST 3% W SR RE/K R R TS BT EIF b s AL i, 3K
HETL o BT ER LR AT S 8 B T AR /AT TR A IRV L, RB B AR, 15
FCA R IS MIN B 4 B ST R R R, BB H R M B AT LT R 2L TR MR s
RIREGEATE, A R 1 5 AR BOFET3E, BRI (Archipterygota) FIHT#B 4 (Neop-
terygota), 13T IGEA BT IE R i IEB ISR,

FSERa ok ABSIBIIE A 3 DR L. BB (Polyneoptera), fL45)~ a9l
AL FUBE . G BTHR B 2. 582 (Oligoneoptera), BIIF R LA 4 B ; 3. Mk
BB (Paraneoptera), FIEMIHE AEH A H B E B2 B, HEE HA 0%
FURYE R R AL S, R SR IE T R A, ML Hl %k Lk
BB A BT 18—,

T FLHE ﬁ*‘”‘ﬁﬁ#ﬁ%ﬂﬂﬂiﬁ@%l‘]”ﬁ&!ﬁkdﬁ FEBUCEBER 159 3 25 1. W3H%(Bimo-
toria), X B KB ; 2. 1312 (Anteromotoria), RTBE &, FBIRAHE; 3. J&3hZE(Poste-
romotoria), JEHBK I, AT AR FRARIED BRI H BB ST, A HA R
95, 12 b AW o

ISR AR &, fr‘p‘%@? 1958 E&&T——/\%ﬁf“l EBT S-S 34
HAY: 1. FEHM, BIEGHE; 2. FTER, @*fﬁ%%%i*%ﬁ?%%%ﬁ BRI
N, RS TRER P 2B E

BAAEATII Sk ELRRHS “ﬁﬁﬁﬁ%%%ﬁ?ﬁ@i—i%?ﬁ%ﬁﬁ#%m
HE—BoAEE, PR BB A ET £ UG AT, UL R BHEMRL, SR AR et 6y, 1R
FhAMR SRR EW, EERFE T HOATE, ATESEE, ARIE TS At 5 di A,
WA E STFOER R B R R, ﬁﬁ%?%ﬁ%?éﬂ%ﬁﬂ]ﬁﬂﬁmﬁﬁ?#mo Y L
TRR AR , FBBEER M 4G, SRSk M AR R, An#2 5, PR EPISEHIEM, AN
TR A B EL, ).gpma@emﬁnm KHET B AL BB B DTSR, iR i at
VR B SO L h BT Fa T, R — 05 T, B 1RV SesE ke AR I A
BE R, 5 25 T I8 B JE AL ; T o e 2R 60 5B 1, B S5 = kb i e s, R LA 4
JE L, 2 DAGIE A A SR IE BB, TS A L BbA e, B bt KB B BB 44
. LB Bd 0k, 84 R R, FUE 0058 , 52 B IF 6 JBAG 2550

ﬁ%*a%ﬁﬁ%@ﬁﬂ%mﬁﬁ%ﬁ,Hﬁﬁeﬁﬁ&ﬁ%éiﬁﬁ%ﬁﬁ%ﬁ
TRAT, RAUR, —HEKAENB B EREHEOEBE S, BHRAFEM Stenodictya
lobata & KIFRPTATEM, il i P17 P ZE R DR ML AR, RELVER AR D8,
PP E AR Eugereon bockingi ARfElo A AT T % PR tt g O 385TRF AR L3,
Ll{iw@ﬁﬂanﬁn@aﬁ, Wi KA RBUE R T 1RE, & P8 th BARMRTEA 3F £ Bl R,

EAME D SR BRI, T A9 JRRA R o , 1 R B Rl i A0 2 B AR T

= AU IS R s AR

b B B A A S TN B 1 S A T 8, 4 T MRS B R BMEBRMFT
VAT ST AT , R4 75 B L, B 23S ROAR B (b AP AIE R0 B BURAE, T R W Ay AHER
ARLEARYE X 193 75 T BOBS R, BRAFIXT B e 950 2ERVR B AEROBAGR,  RAIEEE R, —5H
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MEEZH I, BB T RS A ZARE, R R (REB) SFYRGRR B) M R (3
fhR ) BHE, AR S R, R B JRR B B s AR 25k 2 b
PRseIEH , FUE B35 BRI, Bk, DA — R4 25355k, 2 th s BRI BUFNA J4R R,
- IEF BT IR IRk R, B R 2W AN, (AR B A TR S AN
o FERFMA=Z DA TR H R = MSrr o '
FAAE 3 — IR P B AR TR D, — B0 5 20 TR BT TRAE B WAL 1 L,
'N%Mﬁkﬁﬁ¢&MM$ﬁEﬂV&%%%%>Eﬁ@%?%&%%ﬁ&ﬂﬂr
R RSt el e NI W B, BTSSR Rt AR, L8 T IR IR T
—AMERITSH R X ML, RS B 0 £ R B E R , U I 53 R — M T
S K AIE, KA HIITE b RIER B IPIRRE 5K B, £ R IVRRME B XA
JRUSMI B 4R Y B B ER , AP T BB,
Sr SN, A 2 i R tn BAREDELE — M3 K s MR, [EE R 6, (E
MBIER £ BE 10 % R IAEAE, FIAnAT L BIRFE SR 3 B8 ROFETE , R AR TT Aot
L3S, AR R PRGBS R B IR R R A, P, R A R HE RN 2 ), B
FLAL A TR A, AR E AN R R BRI ZE : — R £ B Jeal JRde, G g
$F /2 ¢ (Pauropoda) & /2 3% (Diplopoda)., J& & 3¢ (Chilopoda) #8425 (Symphyla), "B 1L
B AR % R ARAE, 55 Rk R 3, BT R RN R i, PR RO s S R4 i
ST 75 T B B R e B v AR, 55 05 T AR SR RS SR DA B B T 2 M, BBV
RERBIE RIS, $SERME, QFEEEMAAR Y, EMELRAETHS
% JEJEHEAETIT R BT e 2 o BRDARDRE L . BMIXS TR R BRI B R didf th
BT, FoA S HL RE AT SE X R bR VP R sk BRI SR, BRAPIAN A T
Foh X BORRT AL FL L PO A, Bk, 6 sk RV B /R i 8 ST R LA 9 — 4, WA S5
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TYPES OF INSECT METAMORPHOSIS AND A NEW SYSTEM

OF INSECT CLASSIFICATICN

Siciten H. Cuen

In this paper, the types of insect metamorphosis are discussed and a new system cf insect
classification is proposed.
Of inmsect metamorphosis, three primary types are recognized:

1. Anamorphosis——Protura,

2. Oligomorphosis——Collembola,

Diplura, Thysanura, Pterygota,

These three types differ from each other in the development of body segments: in the Ana-

3. Epimorphosis

morpha, the young larva leaves the egg with a smal] number of postcephalic segments, and post-
embryonic growth is characterized by an increase in the number of abdominal segments; in the
Epimorpha, the young larva, at the time of eclosion, has already been in a state with complete
body segments and consequently, there is no increase in segmentation during post-embryonic growth;
the Oligomorpha are like the Anamorpha in having oligomerous larvae, but thé}*r.ggemble, on the
other hand, the Epimorpha in the fact that the body segments do not increase during the succeed-
ing period”of development. 4 ‘

Anamorphosis is regarded. the mos; primitive type of development from which both oligomor-
phic and- epimorphic types were derived. Oligomorphosis is a typs of precocious development .or
neoteny (Imms, 1936) very characteristic of Collembola, and there are ar least three important larval
fratures which are evidently retained in the adult stage of these insects, i.e. the six-segmented
abdomen, the four. fo six-segmented antennae and the larval character in the structure of the gonads.
The last mentioned structure has been ‘particularly stressed by Tiegs (1945) who, in discussing the
reproductive organs of larval Symphyla, said: “Unless the facts are quite misleading we have in
the ovary of Collembola, an organ which is the almost perfect equivalent of the ovary of the
larva]l Symphyla,” ,

The epimorphotic mode of development is again divisible into four types:

1. Eometamorphosis

Diplura,
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2. Prometamorphosis

Thysanura, Ephemerida,

3. Hemimetamorphosis——Exopterygota less Ephemerida,

4. Holometamorphosis——Endopterygota.

The Eometabola and Prometabola are characterized in their postembryonic growth by two very
distinctive features 1, they continue to moult in the adult stage, either once or more times; 2. they

possess two types of larvae, the young larvae without abdominal appendages (fig. 2 A) and the,
old larvae with abdominal styli (fig. 2 B). The Eomerabola are further distinguished by the pre-
sence of a quiesceny first instar (fig. 3) or “pupoid stage”, which, as Smith (1961) pointed out,
has been also described by various authors for the classes Pauropoda, Diplopoda, Chilopoda, and
for the order Collembola. This instar is absent, however, in the Symphyla, Thysanura and Ptery-
gota. It represents, therefore, a primitive feature of development and eometamorphosis, as a dis-
tinct type of metamorphosis, should be considered as ‘more primitive than prometamorphosis in
~which the “pupoid stage” is no longer retained.

The classification of the modes of post-embryonic development discussed above agrees in main
line with the genera] system of insect classification. As recen studies of insect phylogeny have shown:
1. the Collembola and Protura are isolated groups rather remote from the line of true insects,
they exhibit many importaht myriapodous characters and may be considered as semi-myriapoda or
myriapoda-insecta; 2. the Diplura are also myriapodous in character from many points of view,
but they are distinctly related to theé true insects on the one hand and to the Symphyla on the
other; 3. the Ephemerida constitute a primitive group very distinct from the other existing groups
of Pterygota. Hence the evolutionary history of insects would have passed through the following
principal stagcs:

True Myriapoda — Myriapoda-Insecta — True Insecta (apterous) — Winged Prometabola —>
Hemimctabola — Holometabola.

In a previous paper (Chen, 1958), we have proposed a classification of insects into three sub-
classcs: 1. subclass Myrientoma, comprising the orders Collembola, Protura and Diplura which
represent the Myriapoda-Insecta stage of evolution; 2. subclass Apterentoma, comprising the orders
Machilodea' and: Thysanura which represent true insects of the apterous stage of evolution; 3., sub-
class Pterentoma, comprising three cohorts, (a) Prometabola with the order Ephemerida, (b)
Hemimetabola and (c) Holometabola, which™ represent the winged stage of insect evolution.

In the present study, stress has been laid on the taxonomic value of metamorphotic characters,
and we are led to follow the recent tendency of splitting the Collembola and Protura into separate
classes, ‘which seems to be fully" justified by the facts in insect development. Among the Pterygota,
the scparation of Ephemerida as a distinct cohort is also supported by their more primitive mode
of development, in addition to many other characters such as the structure of the wings, the ar-
ticulation of the mandibles, the innervation of the corpora allata, ctc. The new system listed
below differs thus from the prccedmg one -chiefly in the conception of class, while the classifica-
tion of the Pterygota remains almost unchanged:

[, Class Oligoentomata——Collembola,

II. Class Myrientomata——Protura.

IIT. Class Insecta:

1. Subclass Diplura—Diplura.

2. Subclass Thysanura“Thysanura

3. 'Subclass Pterygota:
A. Cohort Promctabola——-Ephemenda.
B. Cohort Hemimetabola:
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‘a. Subcohort Heterognatha——QOdonata.,

b. Subcohort Urota——Plecoptera, Grylloblattodea, ‘Orthoptera, Phasmida, Der-
mapte{a, 'Embioptera, Dictyoptera, Isoptera, Zoraptera.

¢.  Subcohort Anurota Psocopbera, Mallophaga, Anoplura, Hemiptera, Thy-

-sanoptera.
C. Cohort Holometabola:

a. Subcohort Posteromotoria Coleoptera, Strepsiptera,

b. Subcohort Anteromotoria——Megaloptera (including Raphidioidea), Neurop-
tera, Hymenoptera, Mecoptera, Trichoptera, Zeugloptera, Lepidoptera, Diptera,
Siphonaptera. 4

The Hemimetabola are arranged in three subcohorts and the Holometabola in two, which are
principally characterized as follows:

Subcohort Heterognatha: larva and aduly dlfferent in the structure of mouthparts; cerci pre-
sent, 4

Subcohort Urota: larva and adult with similar mouthparts; cerci well-developed.

Subcohort” Anurota: larva and adult with similar rﬁouthparts; cerci absent,

Subcohort Posteromotoria: hind wings dominant,

Subcchort Anteromotoria: fore wings dominant.





