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   Abstract Geographical trends  in the relative  abundance  of  Japanese tabanids  were

analyzed  by comparing  44 localities on  the Japanese Main  Islands. Three major  zones

were  distingujshed: (1) Hekkaido  deminated  by r  nipponicus  or  Haematopota  tristis,

{2) Tehoku  and  Kanto  dominated  by  T. nipponicus  or  Hirosia htrmitis, and  (3} S, W.
Honshu  along  the Japan Sea with  a predominance  ef  Tl trigeminus.

Introduction

   The  Japanese tabanid fauna was  elucidated  in two  taxonomic  revisions,  those

of  TAKAHAsi (1962) and  MuRDocH  and  TAKAHAsi  (1969). By  the subsequent  addi-

tion  of  several  new  species, 103 forms including nine  subspecies  are  reCorded  from

Japan according  to the  checklist  by HAyAKAwA  (1985).
   Reports  on  localized tabanid fauna by periodicat surveys  have been

documented recently  in various  areas  of  Japan. MATsuMuRA  and  ITo (1985) com-

pared  qualitatively the total number  of  tabanid species  and  their r'elative  abun-

dance at 26 pastures throughout  Japan, and  presented a  preliminary  outline  ofthe

geographical distribution of  Japanese Tabanidae.  To  have  a  more  accurate  pic-
ture on  the faunistic strllcture of  Japanese tabanids, it is necessary  to compare  the

tabanid  assemblages  in more  localities both quantitatively and  qualitatively. In

the present study,  44 localities where  tabanid assemblages  were  periodically col-

lected are  cempared.

Methods

   A  total of  44 !ocalities were  selected  frorn Hokkaido  (12), Honshu  (28),
Shikoku (2) and  Kyushu  (2). In all these  localities periodical surveys  were  carried

out  througheut  the tabanid active  season  er  at least for the peak  months  of  July

and  August. The  localities are  shown  in Table 1, together  with  habitats, altitudes,

sampling  methods  and  authorities,  and  are  mapped  in Fig. 1.
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   Habitats were  roughly  divided into four categories:  rnountains  (M>, hills (H),
valleys  (V) and  plains (P). Among  sampling  methods,  net-collection  on  cattte (S)
was  the  most  preferred, followed by C02  trapping (T). Connting en  cattle  (C) was
employed  only  at  Wassamu  and  Tsukisappu and  collecting  at  cow-shed  windows

(W) only  at  Kouzu  Pasture.

   As an  estimate  for the relative  diversity of  each  tocal tabanid  assemblage,

SiMpsoN's index of  concentration  was  calculated  (SiMpsoN 1949, cf. KiMoTo  1976):

     £ n2=,S., (-ili'-)2, o$  £ ll2s

where  N  is the  total number  of  individuals $ampled  and  n; the individual number  of

species  i. . £ H2 approaches  1.0 at higher relative  abundance  ofa  particu]ar specjes
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Fig. t. Map  of  44 localities of  which  local tabanid  assemblages  were  compaTed.
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Table 1, Localities surveyed  fertabanidfaunas.

No,  Locality
(Prefecture)

Latitude                  Altitude
         Habitat*
  (N)                    (m)Method"Authority

Ol020304ese607esag1011]21314151617]81920

212223242S26272g2930313233343536373839404!4243ca

Wassamu (Hokkaido)
Ebetsu (")
Tsukisappu{")

Takikawa<e)
Urakawa{k)
Shizonai(")

Hamatonbets"(-}
Nakashibetsu(e)
Sh[ntoku(e)
Biei (e)Esashi(lt)

KaminokuniC"}
Shichinohe (Aomori}
Sotoyama{Iwate)

Sawauchi(e)
Takizawa(o}
Morioka{")
Nishine{"}

Goyosan(")
Karnioka (Akita)

16 pastures (Yamagata)
Oguni (e)
Kawatabi (Miyagi}
NishLgo <Fukushima)
NishLnasuno'(Tochigi)
Hachirogahara(")
Dojodaira{v)
Haga  (.)
Minarninasu ("}
Kouzll (Gunma}
Shibata(Niigata)
lnabayama CToyama}
Niikawa Pasture (e )
Fukurnitsu (" }
Takayama (Gifu)
ikari CKyoto)
Akasaki (Totteri)
Sambe (Shimane)
Ohda(4)
Mi]e (Yamaguchi)
Miki (Kagawa)
Sagawa (Kechi) .
Kawaminami(Miyazaki)
Aso {Kumamoto)

44eeo'43oast43oao'43o3s'42ols'4202oF4SDIot43030F43eos'43e3s'4]"52'4]e47'41042'39e4si39e32'39e46'39044'390S2'390tV39e30'

38e-39e
 3SOOO'
 38045'
 37elO'

 ]6055'
 36e56'
 360s2t
 36e34'
 36040'

 36a15'
 37e55'
 36043'

 36a50'

 36e2S'
 3600st
 35e43r

 35e2si
 ]5e29'
 3Seo7'

 34elo'
 34e17'
 3303ot

 32elsr
 32eS3f

HPHHvHPHHMMHHMMPPM'MP

H.PvMHPMMPHMHHHvMMPMHHPMPM

2SO

 so100100

 90ioo

 40

 6026084016S16010070Q500260170550500

 40

3ao-goo
  3ao
  500

  600
  300
  900
  900

  110
  170
  1000,
 150

  300
  200
  360
  1300

  ngo
   50
  400

  ]oo

  l50
   50

  l5e

   50
  55e

T･CsT･CsTTssssssTTssssTs

S･TTsTsTS･TS･TS･TWssTTsTssssssss

INAoKA et  aL  (l982)
INAoKA and  MATsuDA  (]9g3)
INAoKA {197 1)
SARAsHmA and  KuDo (1982)
HAyAicAwA et aL  (1988)
INAeKA (unpub].)
SARAsHiNA and  KuDo (1982)
    o

    "

    e

    .

    eHAyAKAwA

 and  MATsuMuRA  (1975)
HAyAKAwA{197S)
HAsEGAwA  and  CHiBA (1970)

    mHAyAKAwA

 (19SO)
    "

    lllwate

 Pref. Anim, Husb. Exp. St.

  (197S)SHiBATA
 et aL  (1984)

NAGAsmMA  et al, (1972}
KuRosAici et al. (1958)
MoklyAMA (1978)
ITo et aL  (19g2)
MATsuMuRA  and  ITo (198S)
SH[MozAKI et al. (]986)
    "

    "NAGAsAwA

 U967)
HAyAKttwA (1 986)
WATANABE et aL  (1973)
    "KAMirv[-tA

 et al, (197L)
HuKusHiMtL and TNcADA  (1973)
Kyoto Ptef, (1979)
HAyAKAwA  (1981)
HAKA  and  IwATA (1974)
HArAKAwA  and  WATANABE  (1980)
HAyAKAwA(l981)
YAMAGAh"  (1973)
HAyAKAwA et  at. (1979)
HAyAlcAwA (E981)
HAyAKAwA  (l981)

     
'
 M, Mountain; H,  HM;  V,

    
*'

 S, Net-collection on  cattte;

at  windows  within  a cow-shed.

Valley; P, Plain

T, Trapplng baited with'CO!;  C,Counting  on  eattle; W,Collecting
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while  approaching  O.O when  the comrnunity  lacks conspicuously  predominant
specles.

    Because the sampling  methods,  frequency and  total time  of  collecting  diffbred
among  localities, the  tabanid  assemblages  of  any  two  localities were  compared

with  KiMeTo's  modification  of  MoRisiTA's index which  measures  similarity  be-
tween  comrnunities.  It allows  comparisen  between communities  where  total
numbers  of  individuals are  quite different (KiMoTo, 1967, cf. KiMoTo, l976):

                s

              2 2] nii･n2i
               i==1
     Cff=                           , 05  CaS
          (£ II,2+Zn,2)N,-N,

where  Ni and  N2 are  the  total  number  of  individuals collected  in localities 1 and  2
respecitively,  and  nii and  n2i are  the individual number  of  species  i cellected  in

localites 1 and  2. £ fl]2 and  Zn22 are  Simpson's indices of  concentration  for both
localities which  approaches  1.0 when  the species  composition  is sirnilar  in the two
localities. Based upon  KiMoTo's index, a  matrix  was  drawn  cemparing  the 44
localities surveyed.

                             Results

   Table 2 shows  the total numbers  of  both species  and  individuals, Simpson's
index of  concentration  and  the pre-dominant  species  of  each  locality. The  total

number  of  species  was  richest  in Sawauchi (36 spp.),  followed by Sotoyama (32
spp.),  and  Shichinohe and  Kouzu  (both 29  spp.).  On  the contrary,  it was  poorest
in Aso  (4 spp.),  and  Akasaki and  Mjki (both 6 spp.),  It is impossible to compare

the total number  of  co]Iected  individuals among  areas  due to the differences in
sampling  methods  and  total time  spent.

   By  means  of  SiMpseN's index of  concentration,  we  can  estimate  aspects  of  the

species  composition  of  each  locality. The  reMarkably  high values  in Fukumitsu

(O.954) and  Oguni  (O.816> are  the  result  of  outbursts  of  Hirosia lyoensis which

absolutely  surpassed  other  species.  as did Htrematopota tristis in Hamatonbetsu
(O.941). The  areas  with  lower jndex values,  lowest in Goyosan  (O.139), have
complicated  tabanid  fauna showing  the coexistence  of  many  species.

   Comparison  ef  top-ranked  species  also  showed  seme  local characteristics.

7bbantts  nimponicus  exceedingly  dominated 16 lecalities of  Hokkaido,  Tohoku
and  Kanto  Districts, and  was  fairly high-ranking at eigbt other  localities in these
three districts. T. trigeminus was  the most  dominant species  in nine  localities
mainly  along the  coast  of  the  Japan Sea in Honshu,  Hi. humilts dominated in
seven  localities in Tohoku  and  Kanto, Hb. tristis in three  localities in Hokkaido,
and  Hi. iyoensis in two localities in Honshu.

   Table 3 shows  the means  of  the number  of  species  and  Simpson's indices
in respective  districts. The  mean  number  of  spectes  decreases in the order  of
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Table2,  Number  of  species  and  individuais col]ected,  and  predominant  species

         of  tabanid  fauna at  various  localities.

No. Locality TotalNo,of TotalNe,of Simpson's
 species individuals index

 Relatiye
abundance*

Ol Wassamu
02 Ebetsu
03 Tsukisappu
04 Takikawa

05 Urakawa
06 Shizunai
07 Harnatonbetsu
08 Nakashibetsu
09 Shintoku
le  Biei
11 Esashi
12 Kaminokuni
13 Shichinohe
14 Sotoyama
IS Sawauchi
16 Takizawa
l7 Morioka
18 Nishine
19 Goyosan
20 Kamioka
21 Yamagata
22  Oguni
23 Kawatabi
24 Nishigo
25 Nishinasuno
26 Hachirogahara
27 Doiodaira
28 Haga

29 Mjnaminasu
30 Kouzu
31 Shibata
32 Inabayama
33 Arakawa
34 Fukumitsu
35 Takayama
36 Ikari
37 Akasaki
38 Sambe
39 Ohda
tto  Mine
41 Miki
42 Sagawa
43 Kawaminami
44 Aso

l21313141819989IS13122932361427272024212414912201312le2910le71014206191913610842,2642,708I!,58424,e082,7094,663

  757

  430
  478
  2S6
  434
  3343,0232,557

 1,351
  761

 1,450
  631
 1,465
 l,304

 3,507

 3,903
  537
  90

 2,264

 3,802

 1,S89
  543
  1734,562

  45S

 1,196
  65S10,O04

  16110,5SO

  19

 3,908
  756
  206
  65
  69
  43
  21

O,261O.511O.549O.S79O.360O.287O.94tO.462O.730O.169O.l77o,3egO.326O.381O.t64O,259O.26SO.229e,139e.242O,222e.816e,413e,439O,492O,574e,399O,IBOOJ98O,21SO.360O,363O,722O,954O.303O,4S8O,230O.1S4O.225O.247Q.725O.3S8O.236O.492TN>TG>(TC)
TN>TRTN>TR>AH

TN>TKTN>TC>(TT)

TN>TC>(TT)
HATHAT>TN

TNHAT>TC

TT">TR>CJ
TN>TR>(TF)
TN>HH>(TF)
HH>TN
HH>TG>TS>TC>TN
TN>HH>AH
TN>HH>TF
HH>HJ
HH>TN>HS
TN>AH>TG
TG>TC>TR
HITC>TGHH>TN=TC

TN>ABTN>(TC)>(TR)

TN>HH>TR
HH>AB>TK>TN
TG>TN>TK>TR
HH>HAR>TN
TG>TT>(TK)
TG>TCTG><TR)>(TT)

HITG>HH>TC

TGTF>AB
 ･

AB>TG>TK
TG>AB>TC
TW>AB
AH>[rr
CJ>ABTC>TG>TT=TR

AB>T"r

   
'
 The  dominant  species  repTesenting  more  than  IO%  of  totaL individual number  are  cited,  and

those  less than  10%  are  shDwn  in parentheses.
  AB,  Atytotus bivittateinus; AH,  At. horvathi; CJ, Cho,sops v'aponicus;  HAR,  Hdematopota
rtijipennis; HAT,  Hb. tristis; HH,  Hirosia humitis; H[, Hi. iyoensis; HS,  Htybomitra jetsay; TC,
7lrbanus choLsurus;  TF, 11 julyitnedioides; TG,  71 trigeminus;  TK,  T. kinoshitai; TN,  7r n4rrponicus;
TR,  T. rtijidens;  TT,  71 trigonus;  TW,  Tl taiwanus:  TS, Tl sqmporoenus.
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Table3. Number  of species  and  Simpson's index of  tabanid  fauna

in respective  districts, shown  by mean  va:ttes with  SD.

District No. of  areas No. of  species Simpsen's index

Hokkaido

TohokuKanteChubuKinki-Chugoku

Kyushu･Shikoku

12126554 12.9± 3.4

23,1±7,9

16.0±7.2

10.2±2.S

15.4± S.97,O

±2.6

O,44S± O,232

O.325±O,181

O.343±O,169

O.5tK}± O,2S5

O.269±O,108
o.46o± e,2os

Mean IS,5± T6 o.3go± o,21e

Tehoku  >  Kanto  >  Kinki･Chugoku  >  Hokkaido  >  Chubu  >  Kyushu･Shikoku,
whereas  the mean  of  Simpson's indices increases in the order  of  Kinki 

･
 Chugoku  <

Tohoku<Kanto<Hokkaido<Kyushu･Shikoku<Chubu.  Thesetwoordersshow

Fig. 2. Matrix  of KiMoTo's

   localities in Japan.
indexmeasurmgslrnilarityarnong  tabanidassemblages  of  44
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Fig. 3, Relativeabundanceoffourtabanidspeciesatvariouslecalities. A:  TbbanttsnLrzponicus,

   B: Haeinatepota tristis, C: Hiresia humilis, D: 1labanus trigeminus.  Nllmerals represent
   locaL numbers  in Tabte 1 and  Fig, 1.
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that Tohoku  district is the  richest  biofaunistically, follewed by Kinki･Chugoku,
Kanto, Hokkaido,  Chubu  and  Kyushu･Shikoku.

    Figure 2 shows  the similarity  matrjx  of  all localities studied,  cornposed  using

KiMoTo's index which  measures  similarity.  Obviously the value  tends to be higher
between localities within  the  same  district, especially  in Hokkaido  and  Chubu.

    In Hokkaido,  seven  localities (Wassamu, Ebetsu, Tsukisappu, Takikawa,
Urakawa,  Shizunai and  Shinteku) in which  Z  nipponieus  predominated  were

highly similar  to  one  another,  while  three localities (Hamatonbetsu, Biei and

Kaminokuni)  differed from  one  another  and  also  from other  areas.  It is in-

O  Tabanusg.UgRg[!!gy!i

ILnHag[R-gRg!gaetttristis

- Hliosia  humilts

e  !- gtzigemtngs

t  ±,-  !txggg!ls
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1111'
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Fig. 4. Top-ranked  species at 44 lecalities and  three  zenes  dominated  by (D 7: nipponicrts  or  Hti,

   tristis, <II) T. nipponictts  er  Hi. humitis, and  ([II) T  trigeminus,
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teresting that two  localities in Tohoku  (Shichinohe and  Morioka) ancl three

localities in Kanto (Nishinasuno, Hachirogahara and  Dojodaira) resembled,  to  a

remarkable  degree, the above  seven  localities in Hokkaido,  due to the

predominance  of  71 nipponicus.  Five areas  in Chubu  resembled  one  another,  all

dominated by T. h-igemintts. Yamagata  as  well  as  Kawatabi in Tohoku  were  very

similar  to some  areas  in southwestern  Japan such  as  Inabayama,  Takayama,  Ikari,

Ohda  and  Kawaminami  in the abundance  of  T. trigeminus and  T. chr),surus.

Oguni  and  Fukumitsu  closely  resembled  each  other  but differed from all other

localities, Both areas  are  Iocated in mo,untainous  valleys  and  dominated by Hi.

iyoensis, a  spe'cies  well  known  for its sporadjc  outbursts.

   Figure 3 shows  the relative  abundance  of  four important species  in the tabanid

assernblages  of  various  localities, The  geographical predorninance of  each  species

is obvious:  T. nipponicus  in Hokkaido, Tohoku  and  Kanto  (A), Hb. tristis in

eastern  Hokkaido  (B), Hi. humiiis in Tohoku  and  Kanto (C), and  71 trigeminus  ip

southwestern  Honshu  (D).

Discussion

   From  Fig. 4, which  shows  the dominant species  at  each  locality, the geo-

graphical trends of  the predominant  tabanid species  in the main  islands of  Japan

can  be visualized  with  the  differentiatien of  three zones:  (1) Hokkaido,  dominated

by  T. nipponicus  or  Ha. tristis, (2) Tohoku  and  Kanto,  dominated by 71

nippenicus  or  Hi. humitis, and  (3) southwestern  Honshu  mainly  along  the Japan

Sea including the southwestern  part of  Tohoku,  predominated  by 7-L trigeminus.

The  local abundance  of  certain  species  was  not  shown  in Kyushu  and  Shikoku.

The  data of  other  areas  in southern  Japan are  still insurncient, especially  in the

Pacific coast  of  S. Honshu  and  Nansei Islands, requiring  further surveys  in the
future.

    INAoKA  (1975) suggested  that the tabanid  assemblage  in Hokkaido  is gradually
changing  due to the  progress of  ruralization  from  the forest-eurytopic species

complex  dorninated by  Ha.  tristis to the openland-eurytopjc  species  complex

dominated by 7'L nipponicus.  Hd. tristis is autogenous  but T. nippOnicus  is

anautogenous  (HAyAKAwA, 1980). Hd. tristis must  have been abundant  in Hok-

kaide in former times.  It is conceivable  that increased blood-sucking resources

accelerated  a gradual displacement of  autogenous  species  by anautogenous  ones,

with  the introduction of  domestic animals  and  advanced  Turalization.

  . Hi. hun2ilis is anautogenous  (HAyAKAwA, 1980), and  could  be regarded  as  a

forest species  as  the 1arva inhabits the forest fioor. In the mountains  of  northern

Honshu,  Hi. humUis  must  have prospered with  the development of  pastures, as  did

T. nipponicus  in the plains with  the introduction of  domestic animals.  However,

it is diMcult to specify  the original  occupant  species  in Tohoku  and  Kanto.

    Predominance of  T, nipponicus  in western  Hokkaido  and  of  Ha.  tristis in
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eastern  Hokkaido  must  be caused  by a ditference in cold  resistance  and  ambient  fac-
tors between both species.  Overwintering larvae in the soil may  be protected f[om
the coldness  by thick snow  cover  in the  former area, while  these  in the Iatter may
be exposed  to s.evere  freezing by thin snow  cover.  Three  predominant species  in
noithern  Japan, Z  nippenicus  Hb. trtstis and  Hi. humitis, are  terrestrial as

larvae. On  the other  hand, southwestern  Honshu  with  a  predominance  of  T:
trigeminus, whose  1arva js hydrephilous, is characterized  by an  abundant  quantity
of  precipitation in the way  of  moist  and  thick  snow  cover  in winter.  The  relation-

ship  between biogeography and  over  winte[ing  habits of  tabanids  is a interesting
problem.

    The  number  oftabanid  species  was  highest in the localities of  Tohoku  District
while  tess in Kyushu  and  Shikoku. Species composition  refiects  the larval habitats
in and  near  the  localities surveyed.  The  richness  of  tabanid fauna in Tohoku
seems  to rely  upon  more  diverse and  complicated  habitats surrounding  the pastures
of  this district, !ike marshs,  streams,  ponds,  forests, valleys  and  mountains.

    The  bionomics and  ecology  of  important tabanid  species  rnust  be clarified

extensively  in the future.
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