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      Synopsis Taxonomic infbrmatgon in morphological  characters  commonly  used

     fbr the taxonomy  of  the genus Andi'ena (Hymenoptera, Andrenidae)  was  sum-

     marizecl  based on  correlations  of  characters.  Twelve  subsets  consisting  of  various

     combinations  of 130 characters  obtained  from 85 taxa or  OTUs  of  the genus  of

     Japan  were  analyzed  by principar component  analysis.  Taxonornic  information

     ef  each  subset  was  summarized  as  principal components  CP.C.s) and  a  summariza-

     tion  value  (S). The  first 14 P.C.s accounted  for 71,10% of  the total variance

     among  the 130 characters.  Thoracic characters  were  found to have  much  re-

     dundancy of  taxenomic  irifbrrnation, whereas  head characters  less redundancy.

                            imtroductiom

   Taxonemic  characters  generally include much  redundancy  of  inibrmation.

Some  characters  may  be largely independent, while  others  rnay  form sets  of  cor-

related  characters.  JARDiNE and  SmsoN  (1971) described five ways  in which  cor-

relation of characters  were  illterpreted as  follows: redundant,  logical, functional,

statistical,  and  taxonomic  correlations.  MAyR  (1969) discriminated two  different

kinds of  correlations,  redundancy,  which  incluctes the first three  ways  of  JARDINE

and  SiBsoN, and  phylctic cerrelation.

    Recently some  attempts  have been done to produce  a database of  taxonomic

information in several  organisms  (e.g., Australian grass, WATsoN  &  DALLWiTZ,

1980). The  author  also  attempts  to construct  a  database of  taxonomic  informa-

tion in the genus Andbena (Hyrnenoptera, Andrenidae), which  ineludes as  less

redundancy  of  taxonomic  infbrrnation as  possible. The purpose  of  the present

study  is to  summarize  taxonomic  information in morphologi ¢ al characters  com-

monly  used  fbr the taxonomy  in the  genus,

                         Materia] andi  Metbods

Materiat and  characters

    The original  data used  in the present study  were  obtained  as a by-product

of  numerical  taxonorny in the genus And}'ena of  JapaR ([I]ADAucw, 1982 a). One

hundred and  thirty characters  used  in the present study  are  commonly  employed

   *  Contribution flrorn the Entemological Laboratory, Facuity of  Agriculture, Kyushu  Uni-

versity,  Fukuoka  (Ser, 3, No.  I28).
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for the taxonomy  in the genus Ancb'ena. Eighty-five taxa or  OTUs  and  the 130

characters  used  were  Iisted in the previous paper (TADAucm, 1982a, Tables 1-2).
The twelve subsets  are  as follows:

A. 71)talcharacters

    1, 130 original subset:  original  characters  (TADAucHi, 1982 a, Table 2, Code

       Nos. 1-130).

B, Elleacl-thoracic characters

   2. 40 head subset:  40 characters  (33 structural  and  7 pubescence) derived

       from head region  only  (TADAucm, 1982a, Table 2, Code  Nos. 2-34 &

       83-g9).

   3. 58 thoracic subset:  58 characters  (35 structural  and  23 pubescence) derived

       from the thoracic region  only  (TADAucHi, l982a, Table 2, Code  Nos.

       35-69 &  90-11i).

C. Tbtalstructuralcharacters

   4. 40 hair subset:  40 characters  related  to pubes¢ ence  on  the  body  (TADAuCHi,
       1982 a, Tablc 2, Code Nos. 83-122).

    5. 50 sculptural  subset:  50 characters  related  to sculptures  of  the body

       (TADAucHr, 1982a, Table 2, Code  Nos. 5, 8-10, 13, l6-18, 22, 25, 26,

       28, 29, 35-48, 5e-57, 64, 66 &  70-82).

    6. 82 structural  subset:82  characters  (one body sized  and  g1 structural)  related

       to structures  of  the body  (TADAucHi, 1982 a, Table 2, Code  Nos. 1-g2).

D. Randbmlyselectedcharacters

    7. 40 random  subset:  40 characters  randomly  selected  from the  orignial  data

       using  random  numbers.

    8. 70 random  subset:  70 random  characters  selected  as above.

    9. 100 random  subset:  100 random  characters  selected  as  above.

E. rbtai characters  based on  dlrZffl?rent mtinber  of OTI]Ly
   10. 26 OTUs  subset:  130 eharacters  based on  26 OTUs  selected  at  least one

       OTU  from one  subgenus.

   Il. 41 OTUs  subset:  130 characters  based on  41 OTUs  selected  at  least two

       OTUs  from one  subgenus  wherever  available.

   12. 50 OTUs  subset:  130 characters  based on  50 OTUs  selected  at least three

       OTUs  from one  subgenus  wherever  available.

    The  data were  processed on  FACOM  M-200  computer  at the Computer

Center of  Kyushu  University.

Method

    Eack of  the twelve subsets  was  analyzed  by principal component  analysis  (PCA)
in SAC  (system for Andkena classification,  TADAucHi,  1981) in order  te achieve  a

parsimonious  summarization  of  data from multistate  morphological  characters.

This procedure constructs  a  new  set  of  characters  as  weighed  linear combinations

of  the original set  of  characters.  The new  set has the convenient  preperties of
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Table 1,Eigenvalue  (E), percentage (P), and  accurnulated  percentage (A.P.)

of  total variance  among  characters  of  l30 original  subset

 contributed  by  each  principal component  (P.C.) with

          elgenvalue  greater than 1.0.

P,C. E P A,P. P.C. E P A,P.

123456789101112131422,25l5,77

 7,94

 7.11

 5.8e
 5.46
 4.94

 4,42
 4.08

 3.39

 3,ll

 3,OO

 2.67

 2.48
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Table  2. The  nurnber  of  prin:ipal components  (P.C.s) and  the sttmmarization

   values  (S) of  the nine  character  subsets  at the criterion  level ef  70.0%

        ef  the total variance  and  of  eigenvalue  greater than  1.0,

Subset
70.0%

No.of  P.C,s s

    Eigenyalue>1,O

No,  of  P.C,s S

 40  random

70 random

100 random

130 original

40 hair

 50 sculptural

 82 structural

40 head58
 thoracic

1011131478l2le6 4689667410 13172228911191212345545435

being uncorrelated  and  summarizes  most  of  the

as  rninirnum  priBcipal components  as  possible.

    A  correlation

to PCA.  Tablel
the  total variance

ponent  (P.C) with

total variance  in the eriginal  data

RescullSs amd  Piscanssiem

matrix  of  each  character  subset  was  calculated  and  subjected

 shows  eigenvalue,  percentage and  accumulated  percentage of

among  l30 original subset  contributed  by each  principal com-

eigenvalue  greater than  1.0. It was  observed  that the first 2
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P.C.s had large percentage of  the total variance,  17.1l% and  l2.13%, respectively.
The  first 14 P.C,s accounted  for 71.10% of  the total varianee  among  the 130 charac-
ters. Fig. 1shows  the  accumulated  percentage of  the total variance  contributed

by P.C.s with  eigenvalue  greater than 1.0 for the nine  subsets  excluding  the three

subsets  based en  different number  of  OTUs.  The  58 thoracic subset  on  the utmost
left of  the figure had only  12 P.C.s te account  fbr 85.48 %  of  the total variance.  On
the other  hand, the 13e original  subset  on  the utmost  right  of  the figure had  28
P.C.s to account  for 86.69 P: of  the total variance.

   Table 2 shows  the number  of  P.C.s and  summarization  values  (S) in the nine
character  subsets  at  the criterion  level of  70.0 PC of  the total variance  and  of  the

eigenvalue  greater than 1.0. The S  was  calculated  by the number  of  characters

divided by the number  ofP.C.s  obtained  at  the criterion level, The result showed

that  the llumber  of  P,C.s and  the S  generally increased according  to an  increase
of  the number  of  characters.  This was  especialiy  observed  in the result  of  the
random  subsets. The  130 original  subset  had l4 P.C.s and  considerably  high S

(9). On  the other  hand, the 40 random  subset  had 10 P.C.s and  the  lowest S (4),
The siinilar  result  was  obtained  at  the  criterion  level of  the eigenvalue  greater than
1,O, having  l3 P,C.s and  S  of  3 for tke 40 random  subset  in contrast  to  28 P.C.s

and  S  of  5 fbr the 130 original  subset. The result su.agests  that the more  the charac-

ters are  randomely  employed,  the more  the correlated  characters  would  increase.
Accounting for the  70.0%  of  the total variance,  the 40 random  subset  needed  10
P.C,s and  the 130 original  subset  needed  only  14 P.C.s.

    In case  of  total structural  character  subsets  7 P.C.s and  S  of  6 were  obtained

fbr the 40 hair subset, and  8 P.C.s and  S  of  6 were  obtained  for the 50 sculptural
subset  at  the 70,O%  criterion  level. These scores  of  S  are  very  high in cofnparison
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Fig, l. Accumulated percentage of  total variance  amQng  characters  contributed  by  principal

   components  in the nine  character  subsets  studied,
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with  the other  subsets,  viz.  both the 4e head subsets  and  the 40 random  subset  showed

IO P.C.s and  S  of  4 at  the same  criterion  leyel. Similar result  was  obtained  at

the  criterion  level of  eigenvalue  greater than 1.0. The  S  of  4, 3, 3 were  obtained

from the 40 hair, the 40 head, and  the 40 random  subsets,  respe ¢ tively. It seems

reasonable  that  the  homogeneous  chaTacters  such  as  those related to pubescence
obtained  from various  parts of  the body highly correlates  with  each  other,  showing

high S. It is considered  that  the subsets  consisting  of  homogeneous characters
such  as  those related  to pubescence on  the body have much  redundancy  and  lower

infbrmation.

    As  for the subsets  censisting  of  head-thoracic characters  different results  were

obtained.  The  40 head subset  had le P.C.s and  S  of4  at £he 70.0%  criterion level.

The  scores  were  the same  as  those derived from the  40 random  subset.  The 58

thoracic subset  had, on  the other  hand, 6 P.C.s and  very  high S of  10 at  the  70,O%

criterion  level.
    Table 3 shows  the number  of  P.C.s and  the S  in the four subsets  which  consist

of  l30 characters  different in number  of  OTUs  treated. The number  of  P.C.s

increased according  to an  increase of  the number  of  OTUs,  whereas  S  decreased

according  to an  increase of  the number  of  OTUs.  The  more  the OTUs  are  added,

the more  the information seems  to increase. At  the 70.0%  criterion  level 10 P,C.s
and  S  of  13 were  obtained  from the 26 OTUs  subset.  On  the ether  hand, 14 P.C.s

and  S  of  9 were  resulted  frorn the 85 OTUs  subset.

    MAyR  (l969) stated,  
"One

 can  count  and  evaluate  in classification only  those

characters  that are  reasonably  independent of  each  other.  Just exactly  
`independ-

ent'  is, and  how  this can  be determined is still controversial."  One  promising
approach  to solving  this problem involves the use  of  PCA  and  related  techniques.

MoLiNA-PARDo  (1973) investigated twe  subsets  of  characters  consistlng  of  69

measurable  and  148 ¢ ommonly  used  in conventional  taxonomy  obtained  frem 73

 OTUs  of  the new  world  andrenid  bees by PCA.  He  found that  the measurable

characters  involved little information having only  2 P.C.s accounting  for 81.05%

 of  the total variance.  On  the other  hancl, the characters  used  in taxonorny  of  the

 genus Andrena involved more  inforrnation having 18 P.C.s and  S  of  8 (calculated

             Table 3. The  number  of  principal cornponents  (P.C,s) and  the

              summarization  values  (S) o £ the four subsets  based on  difi

               ferent number  of  OUTs  at  the  criterion  level of  70,O%  of

                the total variance  and  of eigenvalue  greater than l.O.
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by the  author)  at  the  7e.O%  criterion  level. The  present study  reveals that there

is some  difference in taxonomic  information among  cltaracters  commonly  used  in

taxonomy.  The  58 thoracic subset  having the highest S  showed  the highest cor-

relation  among  characters,  whereas  the 40 head subset  having the lowest S  the lowest

correlation.  From  the view  point of  independence of  characters,  the 58 thoracic

subset  invorves the lowest information for the Rurnber  of  characters,  whereas  the

40 head subset  the highest one.  Above  results  shewed  that among  the 130 charac-

ters commonly  used  for the taxonomy  of  the genus Anthena the thoracic characters

have rnuch  redundancy  of  taxonomic  information. Observation of  the 130 ori.crinal

subset  showed  that the P.C.s with  low eigenvalues  increased in number  according

to an  increase of  the number  of  characters  (Fig. 1). These lower P.C.s are  con-

sidered  to be related  with  only  one  or  two  characters.  TADAucHi  (1982 b, 1982 c)
investigated 40 and  50 characters  from hairs and  integumental sculptures  respec-

tively by factor analysis,  In that study  several  characters  which  had no  connection

with  common  factors (P.C.s) extracted  by factor analysis  were  obtained.  These

characters  were  considered  to have their own  variations  independent of  the other

characters.  Therefbre, it is necessary  not  only  to summarize  information about

correlated  characters  but also to give attention  to the independent characters  for

compilation  of  taxonomic  infbrmation. Once these characters  are  selected,  record-

ing for taxonornic information of  a  database will be easier  and  time saving.
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