
The Entomological Society of Japan

NII-Electronic Library Service

The  EntomologicalSociety  of  Japan

lpn. L  E)vt., 6i  (3): 409-424, September  25, 1993

Phylogenetic Studies on  the Larvae of  the Chrysomelidae

                (Coleoptera) from Japani)

Jong Eun  LEEt}

Entomological  Laboratory, Faculty of  Agriculture

    Kyushu  University, Fukuoka,  812 Japan

  Abstract The  larvae of  the fami]y Chrysomelidae  inhabiting Japan  are  examined

on  77 species  and  2 subspecies  in 4S genera and  16 subfamilies,  The phylogenetic
relationships  among  subfamilies  are  inferred on  34 character$  of  the  larvae by the

WAGNER  tree niethod on  a computer  after the evaluation  o,f every  character  and  the

inference of  its po]arity, The  cladograrn  obtained  by this method  suggests  the

phylogenetic pQsitions of  the  Orsodacninae and  Megalopodinae  on  the first branch
as  sister taxa from the rest. Next branch is the Bruchidae, which  should  be treated
as  a subt'amiry  of  the Chrysornelidae. The Donaciinae censtitute  the third  branch.

The remaining  subfamilies  can  be divicled inte 2 phyletic groups: one  cemprises  the

Zeugephorinae,  Criocerinae, SynetLnae, Eumolpinae,  Chlamisinae, C]ytrinae,
CryptocephaLinae, and  Lamprosomatinae,.  and  the ether  includes the Alticinae,
Galerucinae, Chrysomelinae,  Cassidinae, and  Hispinae, This cladogram  is not

ooncordant  with  the previous systems  proposed  based mainly  on  the  adult  characters

for the systematic  positioms of  the Criocerinae, Cassidinae, and  Hispinae.

  Key  words:  Chrysomelidae;  larva; phylogeny; systematic  position,

IRtroductioll

    The  Chrysomelidae are commonly  known  as  leaf beetles, and  constitute  one  of

the most  abundant  and  diverse families among  herbivorous insects. AII of  them

are  phytophagous  and  some  of  them  are  serious  pests. With few exceptions,  adults

feed on  foliage and  flowers and  their larvae on  leaves and  roots,  This fami]y com-

prises at  least 35,OOO species  from the world  and  some  500 species  from  Japan  at

present.

    The  foundation of  the classification  system  of  this family was  first laid by
CHApuis (l874), who  divided tbe family into 4 sections  and  15 tribes. After that,
his tribes have been elevated  to the  subfamily  rank  and  4 subfamilies  have  been pro-
posed by the subsequent  authorities. Each  of  19 subfamilies  is currently  recognized

as  a  monophyletic  taxon and  recent  classification  is largety based on  this system.

    In contrast  to  the  system  below the subfamily  level, higher classification  aboye

subfamily  level can  be said  to be in a  state  of  chaos.  Namely, the  recent  higher

  1) Contribution from  the  Entomological  Laboratory, Faculty of  Agriculture, Kyushu  Uni-
versity,  Fukuoka  (Ser, 4, No.  20).

 2) Present address:  Department orBioLogy,  Col]ege of  Natural Science, Andeng  National
University, Andong, Kyungpook. 760-749  Korea.
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systems  proposed  by JoLivET (1957), MoNR6s  (1959), MANN  and  CRowsoN  (l981),
and  CHEN  (1986) are  markedly  different from one  another  from the view  point
of  phylogeny on  the relationships  of  the subfamjlies,

   The  present paper js aimed  to infer the  phylegenetic systein of  higher categories
from  the  obtained  larval character  states on  Japanese material.

Materials and  Methods

    Materials examined.  The  present study  was  based on  77 species  and  2 sub-

species  of  the cbrysomelid  larvae from Japan, together with  8 species  of  Bruchidae

from  literatures. They  were  mainly  obtained  by my  extensive  collectings  and

rearings  from various  parts of  Japan during l986-1989, The  outgroup  chosen  foT

cladistic  analysis  was  the  Cerambycidae, which  is the  group most  closely  related  to

the family Chrysomelidae in the  same  superfamily,  and  a  totar of  8 species  in 8

genera was  examined,

                   List of  species  examined

I. Ingroup:

  Chrysomelidae:

   Orsodacninae: Orsoducne  lineola PANz, 1942.

   Zeugophorinae: Zetrgophora annuiata  (BALy, 1873).

   Megalopodinae : Megalop"s J'acobyi BRucH, 1949.

   Donaciinae: Donacia (Donacia) fitkiensis GoE¢ KE,  1944; Donacia (D.)
     hirtihumeralis KoMiyA  et  KuBoTA,  1987; Donaeia (D.) hiurai KIMoTo,

     1983; Piateumaris (Plateumaris) constrieticollis  babai CHO]6, 1959;

     Plateumaris (P.) c, chugokuensis  ToMINAGA  et KATsuRA,  1984; Plateumaris

     (Ehrplateurnaris) sericea  (LINNAEus, 1768).

   Criocerinae: Lema  aclamsii  BALy, 1865; Lema  cirsicola CHOJ6, 19S9;

     Lema  concinnipennis  BALy, 1865; Lema  decempunctata GEBLER, 1830;

     Lema  diversa BALy, 1873; Lema  honorata BALy,  1873; Lilioceris subpolita

     (MoTscHuLsKy, 1g60); Oulenia et:yzae  (KuwAyAMA, 1929).

   Ctytrinae; Clytra arido  WEisE, 1907,

   Cryptocephalinae: Ccyptocephalus approximatas BALy, 1873; Civu)to-

     cephalus  nigrofinsciatws  JAcoBy, ]885; CrJ{ptecephalus nobitis  KRAATz,

     1879; CrJ{ptocephatus obliguostriatus  MoTscHuLsKy, ]866; Ctltpto-

     cephalus  signaticeps  BALy, 1873,

   Chlamisinae: Chlamisus laticollis (CHOJ6, 1942); Chlamisus sp.

   Lampresomatinae: Oomorphoides  cupreatus  (BALy, 1873).

   Eumolpinae: Basileptajulpipes (MoTscHuLsKy, 1860); Coiposeeiis signata

     (MoTscHuLsKy, 1858); Demotina  foscieulata BAty, 1874; Demotina

     mocZesta  BALy, 1874; HJ{peraxis fosciata (BALy, l874); LJ/pesthes ater

     (MoTscHuLsKy, 186e); LJtpesthes leM,ist'i (BAL\, 1878); IVodina sauteri
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     CHOJ6, 1956; ACdnthoniaplactcla BALy,  l874.

   Synetinae: Syneta adomsi  BALy, 1877,

   Chrysomelinae: Chtlysomela populi LiNNAEus, 1758; enrysomela viginti-

     punctata  (Scopou, 1763); Gastrolina depressa BALy,  1859; Gastrolina

     pettoidea (GEBLER, 1832); Gastrophysa  atrocyanea  MoTscHuLsKy,  1860;

     Gonioctena.(Gonioctena) iapanica CHOJ6  et KIMoTo, 1960; Gonioctena

     (Bracdyphytoclecta) r"bripennis  BALy, 1862; Gonioctena (Gonioctena)
     springlovae (BEcHyNE, ]947); Linaeiclea aenea  aenea  (LiNNAEus, 1758);

     Plczgiodera versieolora  distincta BALy, ] 874.

   Galerucinae: Agelasa nigriceps-  MoTscHuLsKy,  1860; Agelastica coerulea

     BALy, 1874; Atrachva menetriesi  (FALDERMANN, 1835); Aulacophora

    femoralis (MoTscHuLsKy, lg57); Ilx:osoma j7aviventre (MoTscHuLsKy,
     1860); fFleutiauxia arinata  (BALy, 1874); Galeruca vicina  SoLsKy, 1874;

     6alerucella grisescens (JoANNIs, 1961); Galerucella nimponensis

     (LABoiss[ERE, l922); Gallerucido bij;asciata bijbsciata MoTscHuLSKY,

     I860; Galterueido b. nigromaculata  (BALy, 1861); Lochinaea capreae

     cribrati (SoLsKy, 1872); P);rrhalta (Ryrrhalta) annulicornis  (BALy, 1874)･;
     Pyrrhalta (P.) humeralis (CHEN, 1942); ?yrrhalta (P.) maculicoVis

     (MoTscHuLsKy, 1853); Pyrrhalta ( D"icholochmaea) semijiilva  (JAcoBy,
     1885),

   Alticinae: Altica eaerulescens  (BALy, 1874); Altica cirsieola OHNo,  1960;

     Aliticb sp.;  Argopistes biptagiatus MoTscHuLsKy,  1860; Argopistes coe-

     cineltijbrmis  CsKi, 1940; Luperomot:phajunesta (BALy, 1874); Sangariola

     punctatostriata (MoTscHuLsKy, 1860).

   Hispinae: Dactylispa issikii CHOJa,  1938,

   Cassidinae: Aspidbmorpha  indica BoHEMAN,  ]854; Cassido (Odbntioayehal)i-
     erudita  BALy, 1874; Cassido (Cassida) juscortijke MoTscHuLsKy,  1886';

     Cassido (C.) nebulosa  LiNNAEus, 1758; Cassido (Attedoya) vespertina

     BoHEMAN,  1862; Cassidb vibex  LiNNAEus,  1767; 77ilaspida cribrosa

     (BoHEMAN, 1855).

 Bruchidae:  Bruchidius atrolineatus  (Plc, 1921); Bruehidiusbabldoni(CAiLLoL,

   ]908); Bruchtcsbrachialis FKHRAEus, l839; Bruchus pisorum (LiNNAEuS,
   1758), Bruchus rtU7manus  BoHEMAN,  1833; Caplyedbn albonotatum  (P]C,
   1898); Catlyedon eassiae  (GyLLENHAL, l833); thr),edon pataestinicus
   SOUTHGATE, l976,

II. Outgroup:

 Cerambycidae:

   Prioninae: EurlJtpodo unicotor  HAyAsHI, 1956; Megopis sinica  WH[TE,  l853;

     Prionus coriarius  (L[NNAEus, 1758); Psephactus reiniger  HARoLD,  1879.

   Parandrinae: Parandra  shibatai  HAyAsH], 1963.

   Lepturinae; thraphia lepturoides (MATsusHiTA, 1933); Leptura rubra

     (LiNNAEus, 1758); Rhagiun7..iaponicum BATEs, 1884,
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    Methocts of dlssection and  observatien.  The  ]arvae were  rnostly  killed and

preseryed in 70%  ethanollglycerin  solution  (9: 1), and  partly killed by iiljecting a

fixative (equivalent mixture  of  95%  ethanol  and  30%  formalin) from the pleural
region  ofthe  body to prevent decomposition and  shrinkage.  These  materials  were

macerated  in 10%  KOH  solution  fer several  minutes,  Tinsed  in water,  and  then

dissected under  a stereoscopic  microscepe  using  a sharp  needle  and  pointed forceps.

For a  detailed morphological  study,  the antenna,  epipharynx,  stipes,  ga]ea, lacinia,

prementum, and  spiracles  were  mounted  on  slides  and  observed  under  the phase-
contrast  microscope.  Drawings  were  made  with  the aid of  an  ocular  grid micrometer

attached  to an  eye  piece of  the stereoscopic  microscepe.

    Methods  of the ph]logenetic analysis.  The phylogenetic relationships  ameng

the subfamilies  of  the  Chrysomelidae were  examined  by the  cladistic method.  Nu-

merical  ways  of  the cladistic  analysis  were  done on  a  personal eomputer  with

SAwADA's  program (1988), which  adopts  a  parsimony  algorithm  of  the WAGNER

tree method,  The  apomorphic  (==derived or  less general) and  plesiomorphic

(==primitive, ancestral,  or  more  general) character  states  have been determined by
the  outgroup  comparison  method  on  the principles that 

"the

 primitive state of  a

character  for a  particular group  is like]y to  be present in many  of  the representatives

of  closely  related  groups" (KLuGE &  FARR[s, 1969, p, 5), or  that "if
 one  of  two  or

more  character  states  in one  group  occurs  in other  clesely  related  groups, it is pro-
bably  the  ancestral  one"  (Ross, l974, p. I53).

                           Historical Review

    The  history of  the  classification  of  the  Ch  rysomglidae  is relatively  uncomplicated.

Various systerns  and  modification  of  these  systems  have been  prQposed. The  first

rnention  of  the Chrysomelidae as  a discrete entity  was  made  by LATREiLLE (1802),
DuMERTL  (1 806) proposed the  name  Phytophages fbr the family instead ofCbrysome-

lidae. CHApuis (1874) proposed  a  system  which  is the foundation of  the modern

classification  in use  today. His system  used  LATREILLE's idea of  grouping  these

beetles into a  single  family, and  then further divided the  family into 4 
"sections"

 and

15 
"tribes".

 JAcoBy  (1908) medified  CHApuis' system  to include 5 "divisions']
 and

16 subfamilies.  The  superfamily  Chrysomeloidea was  proposed  by PiERcE (1916).
BOviNG  and  CRAiGHEAD  (1931) established  a classification  of  the Coleoptera based

on  the morphology  of  larvae rather  than  adu]ts.  They  followed the  previously

preposed system  of  PiERcE  (1916) and  the Zoologica] Record in which  the family

Chrysomelidae was  elevated  to the superfamily  rank  and  the yarious  subfamilies  of

JAcoBy  (1908) to the family level, Inc]uded therejn  are the Bruchidae, CHEN

(I934, l940) proposed a  slight  modification  to the  JAcoBy's  system,  and  a  new

classification for the leaf beetles. His conclusions  were  largely based on  the fo]-

lowing characters:  1) adult  external  characters,  2) hind wing  venation,  3) male

genitalia, and  4) tarval structures  and  bionomics. The o]d  farnily ChTysomelidae
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was  rearranged  into 6 
"divisions,"

 each  of  which  was  elevated  to the family rank.
GREssirr (1942) moved  the Megalopodinae from the 

"Camptosomes"
 to the 

"Eu-

podesi' and  placed the subfamily  Chrysomelidae by itself between the  
"Cyclica"

and  the "Trichostomes').
 CHtiJ6 (1952, 1953-54) proposed the subfamily  Zeugo-

phorinae, and  re-grouped  the  family Chrysomelidae into 14 divisions based on

adult  morphology,  EDwARD  (1953) proposed the family Synetidae fbr the genera
Syneta DEJEAN and  17icoLema CRoTcH. Various works  on  all families of  Coleoptera
were  done by CRowsoN  (1955). MoNR6s  (1959) proposed  a  system  of  classification･

of  the Cerambycoidea in which  the 
"Eupoides"

 is suppressed  as an  unnaturai  as-

semblage  of  primitive genera in several  subfamilies  of  different evolutionary  trends,

GREssiTT and  K[MoTo  (1961, 1963) produced the first of  the large monographs  on

the Chrysomelidae of  various  parts of  Asia by separating  the family into l7 sub-

families. CHEN  (1964) proposed a system  of  classlfication  of  the  Chrysomeloidea
including 6 families and  18 subfamilies.  CHEN  (l973) also  proposed  the new  su-

perfamily Cassidoidea and  compared  the taxa in this new  system  to those jn the old

one.  MANN  and  CRowsoN  (1981) offered  views  and  proposal  inyolving Varioys.･:,･,

chrysomelid  subfamilies  relative  to the genera Orsodkiene LATREiLLE and  Syneta･
LAcoRDAiRE, based on  the internal anatomy  and  tarsat V' estiture  of  the adult  as well

as  larval characters.  CRowsoN  (1981) divided the tradit'ional family into the  Mega-
lopodidae (including Zeugophorinae),  Bruchidae (including SagTinae, Donacjinae,

Criocerinae), and  Chrysomelidae. SEENo  and  WiLcox  (1982) proposed  I9 sub-

families based on  the literature.

    As stated  above,  an  agreernent  has largely been reached  on  the subfamily  clas-

sification by the authors,  but not  on  the higher grouping of  the  family.

        Histerical Reyie}y of  the Works  en  the Larvae of  Chrysome]idae 
"'

 
'

    The  comprehensive  study  on  the chrysomelid  larvae was  first carried  out  by
SANDERsoN  (1901) who  gave notes  on  the classification  ofthe  Chrysomelidae. More
detailed morphological  descriptions and  jllustrations of  the galerucine and  donaciine
larvae were  presented by BOvlNG  (1927) who  also gave  some  information on  larval
habits. PATERsoN (1930, 1931) furnished notes  on  the bionomics and  cornpaiative

morphology  of  the early  stages  of  certain Chrysomelidae including the Galerucinae,,･
Alticinae, Chrysemelinae, Criocerinae, Ponaeiinae, Cryptocephalinae, and  Cas-
sidinae.  B6viNG  and  CRA]GHEAD  (1931) established  a  classification  of  the order

Co]eoptera based on  the ]arval morphology.  HENNiG  (1938) described the  setae,

tubercles, and  chaetotaxy  on  the basis of  the  chrysomeline  larvae. The  cornparative

morphology  and  taxonomy  of  some  larvae in the Cri ocerinae  were  rnade  by SAiLsBuRy

(1943). Brief notes  on  2 species  of  the megalopedine  Iarvae were  presented by
MoNR6s  (1954). A  new  key to the chrysomelid  laryae was  provided and  a phylo-
genetic dendrogram ef  the  famity with  palaeontological data were  figured by MANN

and  CRowsoN (1981). MAuLtK  (1930) described the larvae and  pupae of  some
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Table 1. The  characters  and  character  states  used  in the cladistic aRalysis.

     Zero indicates plesiomorphic state  and  numbers  greater than O

          indicate progressive and  rnore  apomorphie  states,

Character Character states

 1,

2,

 3,

4.

 s.

6.

7.

 8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Shape of  head:

Nurnber  of  frontal setae:

Papi]late seta  on  fren$:

Number  of  antennal  segments;

Coronal suture:

Endocarina:

Frentalsuture:

       tr

Hind  corners  of  epicranium:

       '

Head:

Length  of  pronotal setae:

Frons and  clypeus:

Anterior  margin  of  labrum:

Number  of  setae  on  labrum:

Shape of  mandib]e:

Number  of  mandibular  teeth:

Number  of  mandibular  setae:

Penicillus:

Type  of  promotum:

Number  of  maxillury  palpal
 segments:

Galea and  lacinia:

Number  ef  labia] palpaE segments:

Nllrnber of  setae  on  stipes:

(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(l)(e)(1)co)(1)(o)(l)(2)(o)(1)(o)(1)(o)(1}(o)(1)(o)(1)(o)(t)(o)(1)(o)<1)(o)OvoidRoundMere

 than  3 pairs
Less than  4 pairs
AbsentPresent2

 or  3 segments

1 segment
AbsentPresentPresentAbsentPresentAbsentProduced

Not produced
Retracted into prothorax
Protracted from  prothorax

MinuteLongNot

 fused

FusedNot
 ineisecl

IncisedMore
 than  4 pairs

3 er  4 pairs
O to 2 pairs
Gouge-like

Pa]mateLess

 than  3
More  than  2
21AbsentP[esentD-DL-Ep

 type

D-DL-type

3 segments

] or  2 segrnents

FusedNot
 fused

2 segments

Rudiment  or 1 segment
Mo[e  than  4
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Character Character states

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Number  of  setae  on  postmenturn  :

Cardo:

Urogomphit

Seta on  ctaw:

Pu]villus:

Shape of claw:

Dorsal tubercle:

Ambulatory wart:

Shape of  body:

D6fensive glands :

Shape of  spiracle:

Egg  bursters:

(1)(o)(1)(o)(1){o)(I)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(o)(1)(2)(o)U)Less  than  5

Less  than  3 pairs
3 pairsPresentAbsentPresentAbsentAbsentPresentAbsentPresentFaJciform

Sickle-like

Not  sclerotized

Sclerotized
PresentAbsentElongated

 or  plurnped
J-or C-shapecl, not  plumped
AbsentPresent

-Annu}iform

Biforous

BicameraL

PresentAbsent

Hispinae. Imrnature stages  of  sorne  Chlamisinae and  Cryptocephalinae wcre  de-
scribed  by LESAGE (1982, I984 a, b, 198S, 1986). Many  works  on  the  chrysomelid

laryae were  dene by MARsHALL  (1979, 1880), HousToN  (1982), Cex  (1982), and

others.

    In Japan, the detailed description of  the  larva was  first mde  on  Ctlzptocqphatus
signaticeps  by FuJJTA (1958). Some  chrysomelid  )arvae were  also  described and
illustrated by HAyAsHi  (1959), KiMoTo  (1962) described the morphological  change

in the  course  of  tarval growth  in the Chrysomelinae, especially  the arrangement  of

tubercles rather  than that of  setae, and  gaye phylogenetic accounts  based on  the

immature  stages, Recently, descriptions of  the last instar larvae and  pupae of

glanduliferous group  of  the Galerucinae and  Chrysomelinae were  given by
TAKizAwA  (l972, 1976).

                              Phylege"y

    Cladistic relationships  were  assessed  with  the WAGNER  tree method  of  SAwADA
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(1988) based on  34 character  data sets (Fig. I), and  thei[ plesiomoTphic  and  apo-

morphic  states  are  listed in Table l. In SAwADA's  program on  this method,  the
.length of  each  segment  or  stem  is changed  along  it. The  branching is deterrnined
by rninimizing  the total number  of  character  state changes  over  the entire  tree. The
trees shewn  here were  all rooted  by including the  hypothetical OTUs  (operational
taxonomic  units)L  Tables 2 and  3 show  the character  state  matrix  and  the char-

acter  change  matrix  in point of  each  intervals, respectiyely.

                         Results and  Discussioo

    Cladistic analysis.  This analysis  partitioned the 17 taxa inte 2 groups, one

with  the  Orsedacninae and  Megalepodinae, the other  with  the remaining  subfamilies.

The  recognition  of  the Orsodacninae and  Megalopodinae as  a  monophyletic  group
rests  on  the characters  of  the frons, number  of  setae on  the labTum and  teeth on  the

mandible  (characters 11, 13, and  15). In both  subfami]ies  the frons ate  not  fused
with  the clypeus,  the labrum is furnished with  or  without  2 pairs of  Iabral setae  and

the mandible  with  more  than  3 teeth. The  remajning  15 taxa are  characterizeq

primarily by the number  of  segments  of  the labiat palp, the number  of  setae  on  the

postmentum  and  absence  of  the  urogomphi  (characters 21, 23, and  
'25).

 For the

Bruchidae, additional  data are  needed  to resolve  their systematic  position.

    The  positions of  the  Synetinae-and Eumolpinae on  the  cladogTarn  are  based on

relatively  rninor  difTerences in the  struetures  of  the antennae,  endocarina  and  spi-

racle.  The  recognition  of  the Ciytrinae, Cryptocephalinae and  Lamprosomatinae

as sister taxa rests on  2 characters:  type of  the sclerite on  the pronotum (character
18), and  the number  of  setae  on  the  stipes  (character 22). Cladistic analysisjustifies

treatment  of  the  Orsodacninae  and  Megalopodinae,  the  Alticinae and  Galerucinae,
and  the Chrysomelinae and  the Cassidinae as  sister  groups, respectjvely.  These are

delimited from all the other  chrysomelids  by 3, 2, and  4 synapomorphies,  respec-

tivety. Although I think  that  Fig. 1 presents a  hypothesis of  the phylogenetic rela-
tionships,  there  is a  need  for additional  data, Limitations to the current  analysis

include the nurnber  of  segments  of  the ]abial palp, the employment  of  traits at dif-

ferent levels in the cladogram  that are  not  independent but simply  increasingly de-
rived  states  of  the same  feature (e.g. characters  13, 15) and  the  assumptions  of  taxa

from the limited infbrmation (Orsodacnintie, Mega]opodinae and  Bruchidae).

    According to CRowsoN  (1955) the Orsedocne (Orsodacninae) larva obtained  by
vAN  EMDEN  had considerable  similaTities  to  the laryal types  of  the Eumolpidae  and

Galerucinae, In respeet  to its biforous spiracles,  it resemb]es  larvae of  tl]e Cri-

ocerjnae,  and  in the  straight  simple  tarsungulus it resembles  Sagra (Sagrinae), Clytra

(Clytrinae), and  the Eumolpinae.  In the  possession of  the mandibles  with  pluri-
dentate apices,  it is similar  to the larvae of  the Galerucinae. The  [arvae of  Orsodocne
share  with  that  of  the  genus Megalqpus  (Megalopodinae) the straight,  cerarnbycid-

like shape,  and  distinct shert thoracic legs, and  is different from Zettgophora (Zeugo-
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Table 3.A  matrix  of  characteT  change  in point of  each  interva]s (IT,
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phorinae) in haying a  fully developed Iabium (CRowsoN, 1955).

   Thus,  the  larvae of  Orsodocne share  rn ost  character  wjth  those of  the Galerucinae
and  Alticinae. However, these  sirnilarities  of  the larvae in remote  taxa have pro-
bably arisen  by convergence  as a  result  of  adaptation  to the same  living habitat,

   The  genus  S),neta had usually  been c]assified  in the  subfamily  Orsodacninae
until  the  establishment  of  the Synetinae by EDwARDs  (1953). CRowsoN (I953) ex-

cluded  S),neta from the Orsodacninae and  discussed on  the evolutionary  line from
the Orsodacninae to the Galerucinae on  the adults  structures.  JoLivET (19S7) con-
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interyal; PT, point; HTU,  hypothetical taxonomic  unit;  H,  homop]asy).

20 21 22  23 24 25 26  27 28 29 30 31 32 33 34

,

---

 --

.

.

+

,

.

.

.

.+

+

.

-1-

.

+"-

'.

--.+t+--.

t-･+

+･--

112413

'

,

,

+

.

-,

,

++

-+

+

-+

.

.

+4

1 1 1 1

4424
3313

+,

.

..

.

.

+

.+

,

･+

114332

+

.

'

+

+

.

---

+

113120

･+

132

+

132

.

-

-{

+121

+

+

-F

+

253

+  PT(  2) -T- S Donaciinae

   PT  ( 3)=2  Orsodacninae
J PT(  4) ==  HTU  18
･ PT(5)=IBruchidae
･ PT(6)-HTU19
- rr(7):=3Zeugephorinae
･ PT(8)-HTU20
- PT(  9)=4  Megalopodinae

   PT  (10) --HTU  21

+  PT(11)=16Hispinae

   PT  (12)-HTU 22
･ PT(13);6Criocerinae

   iX[' (14)-HTU  23
+  PT<15)=12Synetinae

   PT  (16)=HTU  24
･ PT(17)-11  Eumolpinae
･
 PT  (18)- HTU  25
- PT(19)=7Clytrinae
･ PT(20)-10

    Lamprosomatinae
-
 PT(21)-HTU26
-
 PT(22)-8

    Cryptocephalinae
･ PT(23)=9Chlamisinae
-
 PT(24)=HTU27
･ PT(25)=15Alticinae
･ PT  (26)== HTU  28
J PT  (27) =-  13 Chrysomelinae

   PT  (28)--HTU 29
+･ PT  (29)=17 Cassidinae
   PT  (30)-HTU  30
+  PT(31)-14Galecucinae
 1 RANGER==36

 S LENGTH  
'L=104

4 Hz=68

sidered  the direct origin  of  the Synetinae from the Orsodacninae based on  the wing

venation.  CHEN  (1964) placed the Synetinae in his 
`'Crioceridae"

 but he (]973,
1986) changed  his previous opinion  and  transferred  it to  his 

"Chrysomelidae".

KuRcHEvA  (1964, 1967) described the larvae of  Syneta betutae F. for the first time

and  placed the Synetinae in or  clese  to the Eumolpinae on  the larval character.

MANN  and  CRowsoN  (1981) proposed a  phylogenetic system  of  the superfamily

Chrysomeloidea and  p]aced the Synetinae in a rnonophyletic  group  with  the Eu-

molpinae,  Galerucinae and  Alticinae on  the larval and  adult  characters.  By the
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larval characters,  Syneta is close to the Eumo]pinae in having the  slrnilar  head
capsule,  mandibles,  labial palpi, claws,  spiracles  and  chaetotaxy,  but is characteristic
jn the sclerotized  tergites of  the abdominal  segements  9 and  10, one-segrnented

antennae,  and  fused trochanters and  femora (Table 3). Furthermore, the larvae
of  the Synetinae occupy  the same  ecological  niehe  as  those of  the Eumolpinae feeding
on  root  in the  soil,

    The  subfamily  Lamprosomatinae had  been  classified  in the 
`Cyclica'

 including

the Eurnolpinae by such  old authors  as  CHApuis (1874), JAcoBy  (1908), CHEN  (l934)
and  GREssiTT (1942). BOviNG  and  CRAiGHEAD  (1931) transferred the Lampro-
somatinae  from the 

"Cyclica"
 to the  

"Camptosomata"
 based on  the  morphology

of  the larvae. MoNR6s  (1959) proposed a new  system  placing the Lamprosomatinae

in his division 
"Alticae

 Clytriformes". CHEN  (1964, 1973, l986) placed the Lampro-
somatinae  in his family "Eumolpidae"

 together with  the Eumolpinae, Chlamisinae,

Clytrinae and  Cryptocephalinae. CRowsoN  (1955) classified  the LampfosQmatini
in the Clytrinae, which  are  equivalent  to the "Camptosomata".  KAsAp  and  CRowsoN

(1976) and  again  MANN  and  CRowsoN  (1981) fuced the phylogenetic position of  the

Lamprosomatinae in the camptosomatan  line. Present study  supports  the con-
clusion  of  MANN  and  CRowsoN  on  the larvae (Fig. ]).

    The  subfarnily  Criocerinae was  treated  by  MoNR6s  <1959) in his Chrysomelae

Crjoceriformes inc]uding the Sagrinae, Bruchinae and  Donaciinae, and  MANN  and

CRowsoN  (1981) placed it in a  branch from the  Orsodacnina¢ -Chrysomelinae  line.
But, present sudy  concludes  the position of  the Criocerinae in a  branch from the

Zeugophorinae-Eumolpinae-Cryptocephalinae line, and  not  in the  group jncluding

the Chrysomelidae.

    The  .Cassidinae and  Hispinae  have  been classjfied as  sister subfamilies  in an

isolate group  within  this family, or  in the other  independent family. But, present
study  draws the conclusion  from the larval characters  that they belong to the group
including the  Chrysornelinae.

    On  the systematic  position of  the subfamily  Chrysornelinae, there are  various

opinions.  MoNROs  (l959) placed it in his Chrysomelae Chrysorneliformes, a distant

group from the the Galerucinae. But, CHEN  (1940, 1964, 1973, i986) was  con-

sistent  to classify it in the same  group with  the  Galerucinae and  Alticinae. MANN

and  CRowsoN  (l981) treated it in an  independent branch from the  primitive group
of  the Cassidinae-Clytrinae line. Present study  suPports  CHEN's treatment,

    The  cladograms  of  the subfamily  relationships  depicted in Fig. 1 is drawn

primarily Qn  the limited inforrnation from the Japanese materials.  So, jt is strongly
hoped  that further information wil[  be added  and  the system  will  be reconstituted

by many  entomologists  in the  va[ious  regions  of  the world  in the future.
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