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Worldwide distribution and multivariate similarity clustering analysis of spiders
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Abstract: Spiders have the greatest number of individuals and species, and the widest distribution, of any predacious
animals. As of December 31, 2012, a total of 43, 678 spider species and subspecies belonging to 3898 genera and
112families have been reported worldwide. With respect to the three categories of species, genus, and family, distribution
areas differ greatly: 90% of species are limited to a single realm, whereas 90% of families are found in at least two realms,
with many distributed worldwide. Continental distributions also vary. Asia has the greatest number of spider species, with a
smaller number in Europe and none in Antarctica. The greatest number of species is found in Palaearctic and Neotropical

realms, the fewest in the Nearctic realm. In this study, we divided world land areas into 53 basic geographic units based on
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geographical conditions, ecological conditions, and distribution patterns of all known spiders. We then analyzed species and
genus distributions using a similarity general formula ( SGF) and multivariate similarity clustering analysis (MSCA). In the
resulting genus-based tree, all basic geographic units are clustered into 8 groups and 17 subgroups at similarity levels of
0.22 and 0.32, respectively. The eight groups are designated as East Palaearctic, West Palaearctic, Oriental, Afrotropical,
Australian, New Zealandian, Nearctic, and Neotropical kingdoms. The 17 subgroups, or subkingdoms, are distributed as
follows; East Palaearctic kingdom ( Siberian and East Asian subkingdoms), West Palaearctic kingdom ( European and
Central Asian subkingdoms) , Oriental kingdom ( Southeast Asian, New Guinea, and Pacific Ocean Islands subkingdoms) ,
Afrotropical kingdom ( West African, Southeast African, and Madagascar subkingdoms ), Australian kingdom ( East
Australian and West Australian subkingdoms ), New Zealandian kingdom ( New Zealandian subkingdom ), Nearctic
kingdom ( North American and Central American subkingdoms ), and Neotropical kingdom ( Amazon and Andes
subkingdoms ) . Spider geographical divisions differ from those observed for mammals in several ways: 1) the Palaearctic
realm is easily divided into eastern and western components; 2) there is a low similarity level between New Zealand and the
Australian mainland, such that New Zealand can be considered to constitute its own kingdom; 3) New Guinea and Pacific
Islands subkingdoms are more similar to the Oriental realm than to the Australian mainland, with no evident division
between the two realms corresponding to Wallace's line; 4) Central America is more appropriately classified as belonging to
the Nearctic realm; and 5) the Nearctic realm is more strongly related to the Neotropical realm than to the Palaearctic
realm. The first and second observed differences can be explained by earth plate tectonics and differing evolutionary histories
of spiders and mammals. The third and fifth geographical distributional patterns by which spiders differ from mammals are
similar to those uncovered from biogeographical studies of plants and other groups. Analyses with additional examples are
needed to elucidate the reason for the fourth difference. The application in this study of SGF and MSCA—techniques
developed in recent years by the first author—represents the first reported quantitative analysis of typical point-forms and
vast amounts of distribution information to successfully generate results that are statistically, geographically, ecologically,

and biologically logical. This approach should be applicable to additional animal groups.

Key Words: spider; distribution; biogeography; multivariate similarity clustering analysis
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Table 1 The basic geographical units of spider species in the World

HhE AT b FE FHEL JE %L g
Geographical units Range Families Genera Species
11 JEEK W g i B B vk 16 72 118
12 PYRK E e N TN & 3 [ 7 5 K 5| 27 130 337
13 HIRk PR s B gk KR SR 3 30 157 352
14 it CURT P T PR 8 R IR IR B 5 ES B & 55 383 2017
15 Bk EVPIEW BLBLAENE 7 FBE R S5 BERZ L 29 143 245
16 SR X % 5t SR LK LAV B BRI  43 23 122 240
17 R4 A IE PEACTRIIE AR 2 30 0 L 3 s Dt 25 198 458
21 Mo AR AN By BTREAR 2 5 54 350 1320
22 e A PR B B S 35 156 379
23 il AR AR ES IR SR I A 45 257 929
24 sl A S E A5 13 94 213
25 B ENEE Hr =R i SRR Kk g e R IR 61 439 1800
26 HEgF i) g R RIHZE R 53 359 1125
27 Eljg ELSRPGE BN SR AR ELEEJE PE IR 59 511 1807
28 JEALEE B[R te: s 38 209 482
29 HILNIE BILNNE S SR B oK =2 5 AR5 48 229 755
31 P EARIL LMLy AN NS TS EN O E i 34 186 422
32 P E PG o [ 28 147 434
33 B o [ T R A JE VAR ANPE B & SRR 44 229 731
34 HhE TR eh IR BT LL VK | PSR SR A AR IR R 45 226 741
35 HlE 4R PR TP B X S TR R 47 297 892
36 HE AR op I e DAL BT AR L AR ) R X 56 402 1662
37 PEGE P E ST A B R D B 0 42 177 362
38 TfiE T T 40 218 552
39 HA H A 445 30T 5 B8 v BBk 55 371 1319
41 Horpifg e B R 588 00 BTR BRI JBE V6 F IR AR 54 329 1446
42 Pk E e AU S QLIE IR r-AES NP e TN 49 312 829
43 gk FEAR PR R g SREJLNE  EREHE 25 47 279 798
44 W] e MR FLBHR 46 236 605
45 LR BRI Rk DU i S E 69 508 2343
46 ZRAE R IR WIEMK LT & TR R e W LAAR E R 25 R 64 508 1938
47 Sk hnyrim Sk ndn BHEES B SRRt B HLRET BRI ARL RS 52 265 700
51 PGAHIE PEIR KA 49 212 605
52 JEIR A PR AL b X 29 86 183
53 m IR AHE T R 38 118 270
54 B4 WRFIE A 24 61 352 1306
55 Hrea BoR+ PRI 3mSR M B2 B 55 259 786
56 4EZF) WA 2 2 RN | 15 #R b X 46 149 293
57 5 e W B E e W5 46 132 246
58 Hivi% BVE 2 i S KR 0 50 244 1126
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HhHLEA T i HFE ] FH IR % R
Geographical units Range Families Genera Species
59 KV Byl FIL VWA R VE RS R v S 46 250 761
61 n&k PIIIE NN 13 30 249 766
62 LHE 2 B (CNELHE B S HE 5 A hr i ) 66 519 3326
63 BUHL T & BT i 21 97 203
64 YR BIGF R 63 383 1974
65 HEHIIX PN R RS AN (S 1 ol e e 63 433 1747
66 JINiH) LL IR 5 0 iy v By R K s 61 358 1247
71 W ERPT R ZE NI L 54 314 633
72 FWHRE R EWIR 75 B JE = TR 44 233 473
73 LA B BHE L JERZ R B BHEES 62 487 2020
74 W T3 5 (BN A 68 628 3285
75 WL B BRI 52 217 659
76 B IR R [P ANIEIE A INLETE DA S (= T 2 N o 2 64 446 1302

1.4 ZIuHIPERIE 3T (MSCA)
5, H Jaccard B9 ZICARAIE FREGTR20 2R L P 9 B0 ] B9 AR AL R 28 280, M R B AR (LI R B80T iR

FH A0 9 Z2 SCAUE 2 3, TH3 3 A o0 2 o0 DL 2 53 AT i 280 1R SO L

Jaccard BIANE .
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A, SE & n AP EATTIA AR LTR35S, H,, T03 002 i BRoT iR 2R%0 A e A Fh Bk, o 2
H,=S,~T,,S & n DHITHERISE, NI, 2250 2080 - 20 M BT R AR E R BUZ 45 A A F i1

BB SR E LA
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T2 Hb DX AR 2R 50T 7 19 S 550ER Tl LA
BAGPER AR PR, WA 53—57 5 5 A
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Fig.1 The distribution inquiry table of spider genera for 5

geographical units
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2 HER55H
2.1 WRAY A R

TH: 5k b 53% T A 2 A IR S S A L 6 U v SIE D R R P e 22 | BROMN d5e 20 5 6 A sh b B A vty JE A
Ay P 2 e it e b (£ 2) .

x2 B BFREIERTFE

Table 2 The spider species of each continents and animal zoogeographic realms

| B Jm %k g Bl FR A B JR%k Fhik

Continents Families Genera Species Realms Families Genera Species
el 56 580 3133 L[ 75 1170 11690
T 80 1397 12031 RYEF 71 866 5438
e 80 1114 7828 BB 79 1008 6603
KM 83 946 5642 WY A 83 946 5642
JLSEYH 78 905 7579 e 66 548 3800
FSEU 80 1023 6955 R A 86 1242 10839

R PO T 7 AT IV S b Y 2R I e R ARSIV A, IR A B 2 Y R A P SR TR R
R, PG S5 ] T ARAR /N B 5 R AP A R R (R 3)

R3 MHEMERFENMEX ERMEIE

Table 3 The regions, countries and islands rich in spider species

HIX FHE JEEL FEL P R JEEL T £y gk
Regions Families Genera Species Countries Families genera Species Islands Species
7. 370 Yo i 3 72 769 4580 i 67 679 3829 HU/REES 47
FNEE = 74 752 4107 KHE 66 526 3405 HhfERIHES 71
R R 63 572 4097 By 68 646 3047 IIRFIRES 370
AR 65 592 3366 BARFNE 71 591 3214 LR 66
i X 71 543 3290 [ELS 65 459 1516 SEMES 68
ENAi 1. 68 582 2796 HEPH 63 383 1974 XhkhED 80

o EDR A ik R 2 e 2 1 SR, B R 2 9. 1%, Horh ol JE R 26 650 B, o5 Hb [ RP 2
17.7% ZREEFZE 312 B, i EA Y 8.1% , 85 1AL AR EPI S RNZE 57 B, i EAPSEAY 1.5% ; h H A
228 i, (5 E ARSI 6.0% , Higy 2582 R P EFEA RIS, 5 EAZEY 67.4%

2.1.2 S4B IT o A I e
VARV A, AR Y BOE R RE s N an R,

PRIt , b ) 20 A AR B2, 29 374 R 2R R R TE 1 4 FEBTHIHRR

MR IEN, B A 1/6 MR RRLE 1 N3 R Table 4  The distribution of each categories

P, AT 1500 AFIREE AN T AL 2 285 2.3 1, DR .

REASIS 6 Fror ity HA 20 F1(R 4) R R A FASEMA Only one unit 4 1496 32019

1.2 PR AT, BA Only one realm 7 117 6720
Wk & ) AR LR R YT R BRAE 1 AN EE 85 2-5 5L 2-5 realms 49 1105 1575

BT B A ] 40% , BT AT AR B 30% A5 sk 50 7 O realms 34 51 20

30% W RS oA JLrhis 6 SR AT 66 4, AT 15 iﬁ;?‘; ;V'wle world 16 E 0

JB AL IR 5 PR ICHR A 53 A W T FR Z R 23K 434 Without any record 0 ¥ 1688

WE ., FHaE A 3.8 DHLUBH G, £t Total 110 3823 41992

WAV R 0 A1 B8 8 R, 45% O BHES 6 o)
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A, Horp B JE Wk B} Oonopidae, ER Wk &l Theridiidae, I %k &} Linyphiidae, P 1 £} Tetragnathidae, ok B}
Araneidae, R Wk Bl Lycosidae, I3l WkF} Agelenidae, %k %} Hahniidae, #: M %%} Dictynidae, X & Wk Bl
Miturgidae, & Sk F} Clubionidae, [FSU#&F} Corinnidae , FUFEEWEE}F Zodariidae , & ¥EF} Gnaphosidae , Ik
Bl Thomisidae , BEIEF} Salticidae 55 16 BHLF-4045 T A WEE o0, A 30% MF B 2—5 B, RA 74
B4 ) Jey B A2 1N B ol B AL AL N 1 Penestomidae A1 Chummidae 35 2 Bl 2 J& 11 F{W 5 FR7E B A s B PR T
Huttoniidae 545 1 J& 1 A A= BRAEH 76 22 #1388 5C , 2008 4E 57 B9 FT Bl Sinopimoidae 1Y & 1 J& 1 F, 2 AE
P R b R TR B, P RER A 22.3 DHLBLEIT,

22 Fi BRI ZITHRIPERIE R

SRR AR Y MSCA S52R5050 9 B 2 A 3,

R &l 2 FRIE 3, T 2R B A A ASOR 2% A 2 WL e M [ 0 PR % B G 18 SR A R AR ), AN [ £ 2 )
BT RIS ALK -2 LA BT, T EHLRERE 4R LB 2Ry RRAE A

TEF 2 19 0.025 FIARMIPHEACE FAIE 3 (4 0.17 7KF |, 53 DI ATTR AL T ARIFI 5 S KEICHE, A B
C.\D 235 Y T HE S S X b gty A5 RVE S AR SRR S E R r b S

TEIE 3 19 .0.22 7KF b SR8 8 AN ERITHE, B A BER AR PG ER 23, D B P vt 22 5ICRAE 73 IT  E BE O3
hrd ALY

TEE 3 19 0.32 K B R0 17 A/NRITHE, A S T4 5L T 95, 1—4 /NEEAH 24 Tl L 5y RO -
JEE S T S (ARG TR ) PSR RS RN AR 5 5 /NEER Y T AR, 6.7 /NI JE T I
SRR B R B , H3E T AR5 58 .9 10 /N AT VS AR NP D E e 0 5 | AR v 3 v JE I 5 AR D 3k o 26
PS5 11 12 /NRES3 02 PE IR RIS 13 /N R D4 22 3L 5 14 /NEEARH 24 T8 b A 15 /e b S8 1 IX D
TR S BURHT AL RO R D), 16 17 /NI e 55 U 1~ D6 s D R R Ll 9 8 4

W A b 3 SR S A5 SR AT L Sh ) 0 B DR ) 2 5 SR LSRN ML AE Y o AR 39 e sh i 1T g —
GBI R A 3ACEAE, T R AT 6500 T3 4R R FLSh ) 28 Dy ad 2245 22 0 s s i Mk 2 R R sh | 32 BRI
SO LU FLSh Y KAS 2 s ik 2 LU HUOR B B OCRZ DB Y N &, B W HE Y OC R D e Mk TE i 7L 3h ) Al
PR d 2z (8], 25 B SR D), S Y o Bk, MiFL s i, 00, B RTRR T RS 19 200 3L 3h
Wy ANAT AR DR O R R RIS A 5 SR | 4% R i T X ) ) 5 R R A 40140 A2 5 A M IS 06, DRIk, T
WY 22 5 B P AE Y B RN GE T2 B Y, AR 22 57, B2 A i AR LA,

2 AT 0K 6 22 ) S AT R AE o A SR P T AR 3 A AR A AR R 25 5, T BE R P S 3 IX 2
[E]7E 2.1 AZAFERTE] 6500 T3 AERT , Hh SREEME A RRET 1.5 4247, 5wkt A0 s ApRe s — 21 | 33 R T 76 ik 1) IXC
FRAE R BRI IR 5 8 P 2 R R K il R R B B A H AR ) G R AR SR T E A58 5 S X EL AN
KEGLAS , — A A0 Py s R AE Y X R 22 7 B E 2 AR Yy 72 i R ORI E s AT AR
2o 5 B LN B RPE U B 5 2R 1 B ORASFUT 114 OC 2R T E B 3R R I Rl , B L AEAR ) B2 A i 52 ol
SRE M F) L SRR | 5T, OB RS HUR A Mt T LAGIE BT T S R E SE I A % D) 56 R AL EL ZE T FL Bh P AN
AR PR EES S
3 Fig5itie

VR E RS B 2 At )2 oA B JE B oA SRR A B9 A WIS RE R MM | A& b o0 A1 2 S
BRI AL B SRy B | RGN FRT A S50 5 T Eh el i AR m Al e S P e R LA S R
e BRORH) Y. | L PG R 14 B e

Xk i) Ja APPSR T AT 2 JoA MR S A A A R S T AR LS P R 6 S SRR E R A A T, A
YR NAIZ AR 5E R RA BT 225, X2 E YL S b ERA R g g AL RV E R 4520 WK A 3 5 &
SN W) 3 Ak AN TR A BB AR X AR — > Wk H AR , (2 20 R IR R FE A3k 1 3 I
FLEhY AR T S P B X R SME B A S A, R SR RS S 7 N Y B Sh W o A Ak R AT
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TERPERIEN , M A 2RSS AR E R R I

11 JEBk
16 47 5 357 K 9] 3 X
13 ik
15 %k

12 PR

14 Hurrifgd
21 HuHE AR
41 Hur g
23 il

32 i E gL
22 f B R
17 ZRBAFIE
31 EAAL
24 527

34 i E P
36 HrE A
37 hEATE

38 HlEA-
39 A&

35 HrE e
33 Bk

25 EpJEE

26 HiIRg -k
27 B SR ML
28 M

29 B LKL
59 A U

42 P

43 g

44 TR0 3 550
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