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Erronea errones (LINNAEUS, 1758) 1S A RATHER common

cowrie species distributed throughout the Indo-Pacific

Ocean from Ceylon to Samoa and from Japan to the

Exmouth Gulf and Sydney (F A. ScHiLper, 1965, p.

181). The individual variation in many characters of

the shell is considerable; nevertheless the differences in

the means or medians of different populations often can
be demonstrated to be mathematically significant.

Recent examination of far more than 4000 specimens (cf.

M. ScHILDER, 1967a, p. 373) has indicated that the geograph-

ical races defined 30 years ago (F A. & M. ScHiLpER, 1938, p.

152) can hardly be maintained as taxonomic units. However,

our studies demonstrated the existence of an unspotted sym-

patric mutant living around Broome in Western Australia
(E A. ScHILDER, 1968a, 1968b).

In the present paper we intend to investigate the cor-
relation between the medians of 5 selected characters in
133 natural populations coming from all regions of the
inhabited Indo-Pacific Ocean, and the geographical dis-
tribution of these medians. These investigations quanti-
tatively far exceed former studies on the same subject
published 7 years ago (F A. & M. ScHILDER, 1961), though
localities from which we studied one or very ‘ew shells
only have been completely disregarded.

CHARACTERS

The following 5 characters have been selected for this
study, as their records are most complete in our card
registry of all personally examined cowrie shells:

I. = length of the shell in millimeters;

BL -— maximum brecadth in % of length, mostly indi-
cating also the degree of callosity of the margins
and of the base;

DB — dorsal central blotch;

AS = anterior terminal spots; usually the size of the
right (labial) spot has been considered only, the
few cases excepted in which the left (columellar)
spot is larger than the right one;

BC = color of the basc and the unspotted margins; the

bluish grey zonate inner lip in rather young spe-
cimens has been disregarded.

According to previous papers (e. g. SCHILDER, SCHIL-
pEr & Houston, 1964, pp. 158-159, table 2) we have
classificd cach character in 6 classes; Table 1 shows the
meaning of the figures 1 to 6 in the following paragraphs.

The convexity of the base, the narrowness of the aperture,
and the visibility of the dorsal zones (ScuiLpbEr & HousTon,

Table 1
Class 1 T 3 N e 6
L 17-19 20-21 22-23 24-25 26-28 29-35
BL 53-54 55 56 57 58 59-61
DB absent obsolete small rather large large very large
AS absent obsolete small rather large large very large
BC white almost white yellowish white  pale yellow rich yellow orange
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1964, table 2) have been omitted because these characters L BL DB AS BC
have not been registered in many populations, especially sev-
eral decades ago; in our earlier paper on Erronea errones we 15d  Darwin: Lee Pt. L. Watson 30 56 5 1 3
have considered the characters DB and AS only (E A. & M. 15b  Sunday Isld. (Perth) 285 HARE OO
ScHILDER, 1961). Broome (Schelechoff) 24 59 3 1 4

A dash (=) in a column indicates that the character has not Broome (Uetz) 27 59' 5 1 3
been recorded in a sufficient way. * Willie Creck Kalnins 22 59 5 13
* Quandong Kalnins 205 SIND RIS

* Gantheaume Pt. Kalnins 25 58 5 1 4

* Black Ledge Kalnins 26 57 4 1 3

POPULATIONS 15¢  Port Hedland (Schelechoff) 22 57 4 1 4

Port Samson B. Wilson 28 57 4 u1Eg

Table 2 contains the 133 populations considered for the Dampier Arch. Davena Exp. 22 56 4 1 2

present study, as they comprise a satisfactory number of 5th  Lord Howe Islds. (Melbourne) 28 57 4 2 3

adult specimens. The 8 columns indicate: 47s ’\:'Ofa: Norah Head W. Krause 25 57 - 13

1. the designation of the region and area according to /0 7 Woolgoolga W. Krause 2¢ 56 4 3 3

2 2 = Morcton Bay Schelechoff 32, 57 4Rl

EA. SCHI.I'DF'R’ 1965, PP 174-175’ ; Caloundra Schelechoff 3208 565 20N

2. the locality; an asterisk (*) indicates populations Mesloolaba Lee & Matcott 2408 5o ol
comprising at least 40 adult specimens; 47c  Lady Elliott Isld. “61”  Schelechof 24 59 3 1 2
3. the collector, or if in parentheses, the collection or Lady Elliott Isld. “65” = Schelechoff 26 56 3 4 3
museum in which the population has been preserved; Mast Head Tsld. (Melbourne) 25 56 4 1 2
series collected by the same collector at the same ~ One e Gl C_‘;”“}”'“ oD g8 o U2
Rlace but at _clifferent times have been pooled to a %«L,:);II:I’Idd EC,TELIEE::)L) gi ;Z g 1 1
single population; Fitzroy Reef Coucom 28 5 5 1 1

4. median length (L) in millimeters; Humpy Isld. Coucom 23 GG I

5. median relative breadth (BL) in % of length; * Middle Isld. Coucom 28 56 5 1 4

6. median size of dorsal blotch (DB); * Pumpkin Isld. Coucom 26/ 56 FHEEOES

7. median size of the anterior spots (AS) ; and 3 I\‘Jm'fh Keppel Isld. go“mm 26, 56 E>AINgD

8. median color of the base (BC), each expressed in Conical 2 Ooucom 29 29,0 e

1 % Piccaninny Pt. Coucom 301 h7A N33

classes 1 to 6 as explained in Table 1. Double Heads Coucom 35055 N4 R3S
Yeppoon (before 1954)  (Summers) 30 56 4 2 3

Yeppoon (after 1954) Rita Mada 30 57 5 3 4

Table 2 Scaforth Matcott 29 60 4 4 4

Mackay Matcott 29 57 4 1 4

= T R T Mackay: Shell Pt. Griffiths 235 SRS S

Finlayson Griffiths 261 54 SdE TR

13m Tuticorin Winckworth BRGNS Shute Harbour W. Krause 25 57 EERDET)

13¢  Ceylon Eulenburg 2BREOTN OIS * Proscrpine: Dingo Bay  (Schelechoff) 23 57 4 3 4

Ceylon (Steinfurth) 28 56 4 5 4 * Penrith TIsld. Houston 2305 /AL R
Ceylon Stoliczka 2255 GRNG N * Scawfell Isld. Houston 2085 GRS NI
Krusadai Winckworth it G @ 4 ) * Hayman Isld. Uetz 221 595NN
* Trincomali Winckworth i Bl B g 47q Bowen (Summers) D2 N5 BN RO

14t  Phuket Isld. Brandt 21 57 3 4 4 Port Denison (Tomlin) 32 R 55T D

14m Medan Hiiner 18 55 - 5 - Port Denison G. W. Young 30 54 4 1 3

14a  Andaman Islds. A. W. Kine 24 59 5 4 4 Clairns (Schelechoff) 22 59 4 4 5

Andaman Islds. Sandys 23533 T ] Green Isld. Price 17 56U NETR]]

Aves Isld. Winckworth 7= o4 D5 Buchans Pt. Price 2618 HERNGENIIES
Interview Isld. Winckworth 1788574 S TISS] 46c  New Caledonia Bougier 2575 GRS A
Nankauri Winckworth 21 =D d New Caledonia Durand 28 59 4 4 1

* Port Blair Winckworth 2157 G =5 * New Caledonia Rossiter Phacafn ) d

14s  Pulo Weh Buitendijk 21 55 - 4 - Anse Vata Cernohorsky 20 58 3 3 3
Nias Isld. Schréder 208537 54480 Mondoure:  shore Cernohorsky 20 55 3 5 4
Padang de Priester 208956184 4 Mondoure: outer reef  Cernohorsky 19 55 4 4 3
Oosthaven de Priester 242G B — IS D) 16f  Cuvu Cermnohorsky 21 56 2 4 4

14j  Labuan de Priester 19 5514 4803 * Vuda Pt. Cernohorsky 21 57 3 3 4
* Tjilaut Eureun de Priester ZINNS6 SRS * Vatia Wharf Cernohorsky 20 55 3 4 3

Tjilatjap de Priester 23 58 - - Manava Isld. Cernohorsky 19 56 2 1 3
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Table 2 [Continued]

L BL DB AS BG

Caboni Cemnochorsky 21 57 3 3 4

Nananu-i-Ra Cernohorsky 19 56 4 3 3

Vitilevu Bay Cernohorsky 18 56 3 3 4

Lodoni Cernohorsky 18 57 3 3 4

Bau Isld. Sixten Bock 20 56 2 2 3

Namuka Sixten Bock 22 57 1 3 2

46t Vavau Cordeira 268 57 A O!

Haapai Cordeira 1198 561l d-

41s * Malaita: Ata’a van der Riet 25 55 4 3 3

4]b New Britain: Vuatom O. Meyer 21540 3T

New Britain: Ulamona  J. Schneider 19I5 L4 S0 D

Admiralty Islds. (Melbourne) 22 56 4 1 3

41g Roon Isld. Deelder 21 53 5 4 32

Manokwari Jochim 2 SR 4 gh 2

48m Sorong Barton 20856 4884 2

Sangir Islds. de Priester 18 55 - 4 -

Halmahera Bernstein 25 57 — - =

Menado de Priester 24 55 - 5 -

Busak (NW Celebes) (Leiden) 2056 R ARED T

* Amboina Hoedt DRSS ARSI

Amboina Koller 220 54 D

Amboina Ledru DGR A1V

48a Kaimana (West Irian) Ahlers il B =0

48t  North Timor Wienecke 22 55 4 4 -

; Bali de Priester 24 55 - 4 -

48c  Tijger Islds. Verdonk 20055 5= 50—

Macassar Semper 3255 ] =

Macassar Toxopeus ==

* Gulf of Madjene van Nisse 20RE56 o=

48j “Indische Zee” (evi-  (Leiden) 21 ER55 0 el 882
dently 1 locality)

Madura Jochim 95 E7A DR

Batavia Bay de Priester TORNG 7R 3RS

Batavia Bay id. (Dautzbrg.) 23 - 1 3 -

Edam Isld. de Priester 19 56 - 4 -

48s  Singapore Doria 28858 8 HRE5

Singapore Semper 25556513 d —

Pulo Sakra Winckworth 26 57 4 4 4

48¢ Ko Si-Chang Orr, Steiner 24 54 5 4 4

* West of Ban Pe Brandt 2256851 4]

* East of Ban Pe Brandt 23 D55 AT

48p Zamboanga Semper DEER =G 4 E]

Bohol: Ubay Semper 2R B Ge Gy X

Bohol: Panglao Semper 20IE56E5 N D

Cebu Ringe IBES RIS A ED

Samar Jagor Pl @I B g

Batangas Tucker 180 56/ 44 4

Palawan Clover JORSE5R5 13

48v  Pulo Condor Bavay -G8 8 A &

49r  Okinawa: Kue C. Young 2BEEGREA SIS

4935  Tosa Azuma 3085604 43

42p Palau Islds. (Godeffroy) QT ks 0D

Palau Islds. Semper 21554585 SN1N2

Yap Isld. Volkens 22 G S 5

42¢  Truk Isld. M. Hill 22 53D D

FREQUENCY or MEDIANS

The frequency of the 6 classes distinguished in the 5
recorded characters is illustrated by Table 3.

Table 3
1 2 3 4 5 6
1L JORRRO LR BI04 SO0 =N 6
BL OISO R 14 12
DB g0 S MUY BT T
AS S 2l 22 3g 15 -
BC 61BN 0D S G () 5 O 7 =

The extreme classes 1 and 6 are well represented in
L. and BL because they comprise more millimeters or %
than the central classes; in the characters of color, how-
ever, the extreme class 6 is never represented as median.
In L, BL, and BC the maximum figure is in class 3,
whereas in the two characters of markings (DB and AS)
there are evidently 2 maxima of each in class 1 (markings
mostly absent) and 4 (markings mostly rather large);
the intermediate classes 2 and 3 are less frequent.

CORRELATION or CHARACTERS

The correlation of the medians of various pairs of char-
acters indicated in Table 2 may be illustrated by the 6
squares of Table 4.

(see page 111 for Table 4)

There is no distinct correlation between any pair of
the characters tabulated in Table 4. The average greater
breadth of populations of medium classes of length than
of extreme classes must be regarded as random; there is
no correlation in L : DB nor in BL : BC; the slightly
negative correlation in DB : AS and in DB : BC also can-
not be proved mathematically, as well as the slightly posi-
tive correlation in AS : BC. In any case, there is no
general parallelism in accumulation of pigment in the 3
characters DB, AS, and BC (see also E A. & M. SCHILDER,
1961, p. 304).

INDIVIDUAL VARIATION

The individual variation within extreme populations may

be illustrated by Table 5; the figures indicate the number
of specimens belonging to each class of the character.
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Table 4
length length breadth
JESEORS g g G G R T p STy S L. 52 3 GG
(SR e R0 | 6 - - - - - - 6 - - - - - -
S ORI B R =B 0B g3 84 B 5iuis s = opEie
'—g R TR T % c: L TR, W [T (D Sl ] ° 4 1 3 9 1250t
§ FE R Q] 6 R ST G SIS ) T = 3ot 819 OGS
DR G DGl E R e SRR SONIE o SN (D oL B S HE e 8.2 3 5 5 ol
16, ST B et SISO 2 ol lii 24 U55EEORC I 1 = 20 2T
dorsal blotch dorsal blotch anterior spots
sl W [E2E g R N G 6 U b
e b el e B = = = = = = RN
‘g: O 2 = D LG = 8 SR T R e 8 S = 2 1 2NN
AN L ) A [ T EE e R I S 4 6 4 9 9 A=
2 34 = 8 8 2 I Fios b 2 SRS G i ul6s 91 100 11 S
ey T S R SN JsiE 3 gl s 8 208 4 ] s
d AR A 2 o [/ A b= R R 10 8 = = RS
Table 5 relative breadth (BL) show great local differences which
may be influenced by environmental conditions of the
VR eI GIEE habitat. Besides, there is a distinct negative correlation
e | e T htctween length and relative breadth in these 4 popula-
L'  Vatia Wharf I e D ) LIONSS
Moreton Bay === s e 6
BL* Malaita: Ata’a SO8E 4583 2]/ SRR 2
Willie Creck ol 4 S 008408 6 Table 6
DB  Trincomali SOID ()11 S 6 F D S 1
Hayman Isld. = = g s 5 1o
AS Black Ledge GE R e O | 1 -
Trincomali 1 22 [0 19 320 5 L Willie Creek 8 24 27 20815 1
BC  One Tree Isld. _ A = s = D Quandong 1L 14729016 SRS
Port Blair - - (G % @ 5 Gantheaume Pt. — 16152703 D
Black Ledge = RS G5
BL  Willie Creek 2 A TR (SO () R
! The individual extremes in the measurable characters are Quandong 2 8 16 20 28
L= 15 to 39mm and BL =50 to 65% in the 133 popu- Gantheaume Pt. = G 27 )
lations. Black Ledge 37 100 2124
DB Willie Creek 6 A 14 G2
Quandong 48 53
These figures establish that there are really significant Gantheaume Pt. a2 gy &7 i
differences between populations. On the other hand, ad- Black Ledge 9 5 11 19 24 10
jacent populations show great resemblance in many char- AS  Willie Creek SO O[5 7 A |
acters, even if they live under different ecological condi- Duancons SR L =
o i . 3 ; Gantheaume Pt. 49 -5 11 14 N6 E=
tions. This fact may be illustrated in Table 6 by 4 popu- Blatkiedze 5 5 e o
lations from an area of 41 miles around Broome: the BC  Willie C-rcck R o
distance between the 4 localities Willie Creek (95 shells), Quandong OISR ]
Quandong (74 shells), Gantheaume Point (85 shells), Gantheaume Pt. 311073 () ST S
and Black Ledge (80 shells) is about 15, 15, and 11 miles Black Ledge 1 13 41 20 4 1

respectively (according to Mr. A. Kalnins) ; Gantheaume
Point is a rocky coast, Black Ledge is a muddy reef (F A.
ScHILDER, 1968 a, 1968b).

Table 6 shows that the distribution of the 3 characters
in color (DB, AS, BC) is very similar in these 4 popula-
lations, as it may be caused by a common gene pool in
the whole area of 41 miles, whereas the size (L) and

2 The medians are printed in italics.

Sexual differences exist in the relative breadth (BL) only,
as according to previousstudies the femalesof Erronea errones
are about one class broader than the males, whereas the
other characters show no sexual differences (ScHILDER &
HousTon, 1964, tables 3 and 4).
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LOCAL POLYMORPHISM

The only real mutant concerns the sky-blue absolutely
unspotted variant living in the populations 26 miles
around Broome, but never collected elsewhere (E A.
ScHiLDER, 1968a); it lives with usual specimens of
Erronea errones without producing intermediates, and
constitutes 1 to 6% in all populations around Broome.
This morphe has been called azurea ScriLper (1968b).

All other extreme varieties, ¢. g. the subrostrate melan-
istic shells (New Caledonia, Pumpkin Island, One Trec
Island, etc) or those with the labial anterior spot pro-
duced along the margin or even rare shells with one or
two posterior terminal spots must be regarded as extreme
individual aberrations connected with the normal speci-
mens by many intermediates. Shells showing the dorsum
suffused with a layer of unspotted pale enamel should be
regarded as pathological, as this accessory layer mostly
includes particles of mud or even parasites, and the usual
markings are shining through; they occur scattered in

many populations, but seem to accumulate in some popu-
lations living under special conditions.

GEOGRAPHICAL DISTRIBUTION
oFr CHARACTERS

The Maps 1 to 5 illustrate the geographical distribution
of the median classes listed in Table 2; the 6 classes of
cach character have been designated by different symbols
progressive in darkness from 1 to 6. Careful examination
of these maps will show the following general trends
which do not exclude occasional exceptions in one or a
few populations.

Map 1: Length (L). The smallest Erronea errones
live along an approximately equatorial zone from the
Andaman Islands to Java, New Guinea, and Fiji; around
this zone such populations are mixed with populations of
larger specimens, viz. in the West (Ceylon), in the North
(north of the line Singapore-Celebes-Palau), and the
South (West Australia, East Australia to New Caledonia
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and Tonga): this arrangement recalls that observed in
other cowrie species too (E A.ScHILDER, 1961, 1962).
The largest populations live along the Queensland coast
from Mackay to Moreton Bay, while the shells collected at
the off-shore islands become smaller by increasing distance
(see also F A. & M. SCHILDER, 1964 ; M. & F A. SCHILDER,
1967).

Map 2: Breadth (BL). Mostly narrow populations
live in the area between Bali, Solomon Islands, Japan, and
Thailand; the western populations ranging from Geylon
to Java are mostly broader, as well as the southern popu-
lations from West Australia to Fiji. It is curious that the
shells coming from the Keppel Bay Islands are narrower
than those from the opposite mainland coast as well as
those from the Capricorn Islands farther away from the
shore.

Map 3: Dorsal blotch (DB). In the great central area
from the Andaman Islands to New Caledonia popula-
tions with rather large blotches are mixed with those
with reduced blotches; in the farthest West (Ceylon)
and the farthest East (Fiji, Tonga) the dorsal blotch is
mostly small to absent, as it seems to be in Micronesia
also, whereas in the South (i.e. both regions of Aus-
tralia) the blotches usually are large.

Map 4: Anterior spots (AS). In West Australia the
terminal spots are mostly absent, and in East Australia
they are small, as well as from the Admiralty Islands to
Fiji and Micronesia; in the central zone, i.e. in Tonga
and New Caledonia as well as from western New Guinea
to Ceylon, these spots are usually well developed to large,
though sporadic populations with reduced spots may
occur, especially in the Andaman Islands.

Map 5: Basal color (BC). In the populations living
in a central zone from Java to the Solomon Islands the
base is whitish; this zone may extend northward to Thai-
land and Japan with few darker populations scattered
among many pale ones. In the South from West Australia
to Fiji and in the West from Ceylon to Singapore yellow
populations are prevalent.

One will observe that in all characters discussed there
are widely regional differences in the predominant classes.
One could surmise that there is usually a rather equatorial
central zone differing from peripheral regions especially
in the West and South, and less markedly also in the East
and North: so one could summarize the predominant
characters as follows:

Central Zone Peripheral Regions

L small large

BL narrow broad

DB various N, W, E: small
S: large

AS large reduced

BC whitish yellowish

However, there is no parallelism between the bound-

aries of the regions, because the border lines of the pre-
dominant classes of each character cross each other in
various ways. Therefore no distinct geographical races
can be established by the sum of several characters (E A.
& M. ScHILDER, 1961, p. 305).

Nevertheless, in some restricted areas all or most popu-
lations agree in several characters which fact may be
explained by a common gene pool influenced by selection
in similar environments.

Besides, one will observe that in small islands off-shore,
as Dampier Archipelago, Capricorn Islands, Whitsunday
Islands, Green Island, Mondoure outer reef, Manava
Island, Edam Island, the shells are smaller, narrower,
with less developed anterior spots and paler base than in
the adjacent coastal populations.
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