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canariensis 2,3 0,3 2,3 0,3 2,3 0,4 0,1 0,4 2,3 1,3 2,3 2,3 2,3 2,3 1,8 2,0 1,3

depressofuniculata -2,0 0,0 -2,0 0,0 -1,9 0,0 -1,9 0,0 -0,9 0,0 0,0 0,0 0,0 -0,5 -0,3 -1,0

dillwyni 2,0 0,0 2,0 0,1 2,0 0,1 2,0 1,1 2,0 2,0 2,0 2,0 1,5 1,8 1,0

fulgurata -2,0 0,0 -1,9 0,0 -1,9 0,0 -0,9 0,0 0,0 0,0 0,0 -0,5 -0,3 -1,0

gualtieriana 2,0 0,1 2,0 0,1 2,0 1,1 2,0 2,0 2,0 2,0 1,5 1,8 1,0

hebraea -1,9 0,0 -1,9 0,0 -0,9 0,0 0,0 0,0 0,0 -0,5 -0,3 -1,0

marochiensis 1,9 0,0 1,9 1,0 1,9 1,9 1,9 1,9 1,4 1,7 0,9

obliquicallosa -1,9 0,0 -0,9 0,0 0,0 0,0 0,0 -0,5 -0,3 -1,0

plicatula 1,9 1,0 1,9 1,9 1,9 1,9 1,4 1,6 1,0

propinqua -0,9 0,0 0,0 0,0 0,0 -0,5 -0,3 -1,0

pseudoepiglottina 0,9 0,9 0,9 0,9 0,4 0,7 0,0

raropunctata 0,0 0,0 0,0 -0,5 -0,3 -1,0

stercusmuscarum 0,0 0,0 -0,5 -0,3 -1,0

strictiumbilicata 0,0 -0,5 -0,3 -1,0

sulcogradata -0,5 -0,3 -1,0

undata 0,3 -0,5

virguloides -0,7

vittata

��)# 	 & <����� �"�,��( ��$$ � �� �� �'�) � �$ ���������" ,"��!� ,��"�� �� �� � �����; ��(��$����� %�!' � �� )�!�$�� �#



������ � � $�� ���������� ��� ����'�� � !�� �� �� 
�"�,� �� �" �!��� �$ :�(# B �"��'(" A#

�� � (���� �" ��2 *:�(# B+� ���� �� �� � "�% 
���!! ���������" ��� � �� ���% �% ��( %�!' � �$ �" 
���� � � $�!! ,��"�� � ��� ���  �� �� �$ %��������� �# #
) �,  � 9#= ��� 	#9 ��# ��!� ��������� "�� � � ��'�&
��2 � ���������" �% ��(��( 	#A �� �� ���� � �# ���&
% �� !�� �" $���� "�!$ ,"��! ���( � ,�� !� �� ���� � ��
$��� ! �� �"�� 9#	 �� �� �)�'� 9#@= �� *:�(# B+# �� ���
) �!����$� � �� % �� ���!! �� ������� *9#911 ��+� ���!!
*9#	&9# ��+ �� +��"������ ��������� ��� ���������"�����$
!�� � ��'�&��2 � *9#B&9#@ ��+ �� ��������+�!��������
����#���������� ������!������ �!���� ��� ���"�������
��� !��( *(� �� � �"�� 9#@ ��+ �� �����!#��� ��������*$
�������� ��� �����"������#

�" �'�) � �$ ���������" ,"��!� �� �!�� %���&
�)! � $��� 	#= �� �% � B *:�(# @+# D"�! ��������+�!���$
����� +��"������ ����#���������� �����!#��� ������!������
��������*��������� �����"������� �!���� ��� ���"�������
"�% � ��'�������!� 	#= �� 	#.= ,"��! � !��%�! �" !! � &
$! ����( � ���&�!��3������"�� !��%�! � % !��� ��� �����$
����� ���������"�����!� ��� ������� "�% � �'!�������!
���������" �% ��(��( #	. �� B#	B ,"��!�� ��� �� ��&
$ �� � �� "�% "�� � �!��3������"�� !��%�! � % !��� ��#

��� �� $�� +��"������ �"�� "�� � 	#= ,"��! � ���&
������" ,��" ���!! ���� �"�� !��� � �� '�'�!!� � ��'� ��
!��( �� �"�� �� �� � "�%��( � ��'�������! ���������"�
,"�! �� �� ���!! �� % �� ���!! �� �'!�������! !��%�! �" !!�
*:�(# =+# �" ��$$ � �� ) �,  � ���� � � �$ �" $����

"�!$ ,"��! *�HD+ ��� ���������" ���� � � *��+ � ���
�� ���� �� ,��" �" ���� ����( �'�) � �$ ���������"
,"��!�� �"'�� �" ��4�HD ����� ���� �� � ��������( ��
�" ���� ����( �'�) � �$ ���������" ,"��!� *:�(# A+#

�� �" )���� �$ �" %��� ��� ���!  ����� �� , ���
���� �"�� �" ���������" �"�,� !���! %�������� ,��"�� �
�� �� �� �" ���( ) ��( �$ �� ��� �"�� 9#= �� � (����
�" �'�) � �$ ,"��!� ��� �$ ! �� �"�� 9I ���� ����(
�" ���� � �� *���������" ��� $���� "�!$ ,"��!+#

�" ������ �� ��)# 	 �"�,� �" ��$$ � �� �� �'�&
) � �$ ���������" ,"��!� ,��"�� �� �� � �����# �� ���
) �  �� %�!' � �$ "�!$ � ,"��! �� (� �� � ���'� �� � % ��!
������� �# �� � (���� �" �� �� � ��'�� � " � ��� ���"�$
������ ��� �" ������!����� (��'� �� � ���!� ������&
('��" � $��� �" ��" � ���� "�%��( � �'!�������! !��%�!
�" !! *���������� ���������"�����!� (��'�+# D��"�� �" 
������!����� (��'�� �!����  �"�)��� � ���" � ��(��$�����
"�!$ ,"��! ��$$ � �� $��� �" ��" � �� �� � �� �" 
(��'�# �� ��$$ � �� �� �  ���� ,��"�� �" ���������$
"�����!� (��'�� )'� �" �,� �� �� � �� �� *���������"���$
��!� ��� �������+ �� � ���!� ������('��" � $��� �������$
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�" � �� �� ��$$ � �� �� ���������" ���� � �
*��)# + ��� ��� �� ) � ����($'! �� ���� ��� �# D 
����� �"�� �� ��� ) '� � �� ������('��"�

� ��������+�!������� $��� ���������� ��������*����$
���� ��� �!����;

� +��"����� $��� ����#���������� ���������� ����$
�����"�����!�� ��������*��������� �!���� ��� ���"�������;

� �������! �+ ��� %�����!� !������� �+ �������! �!� ��!���� ,���	 		.
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canariensis 70 52 72 64 54 65 65 38 68 63 68 49 70 55 54 64 73

depressofuniculata -38 7 -18 -35 -15 -16 -52 -8 -18 -7 -41 -22 -34 -35 -17 8

dillwyni 43 24 5 27 27 -22 33 24 33 -5 21 7 5 26 43

fulgurata -24 -39 -22 -22 -55 -15 -24 -14 -45 -27 -38 -40 -23 1

gualtieriana -20 3 3 -41 11 -0,3 11 -28 -4 -19 -21 2 25

hebraea 23 23 -26 29 20 25 -10 17 2 -1 22 40

marochiensis -0,1 -43 8 -3 9 -31 -7 -21 -23 -1,4 23

obliquicallosa -43 8 -3 9 -31 -7 -21 -23 -1,3 23

plicatula 48 41 48 18 37 28 26 43 56

propinqua -11 1 -36 -15 -28 -29 -9 16

pseudoepiglottina 12 -28 -4 -19 -21 2 25

raropunctata -37 -15 -28 -30 -10 15

stercusmuscarum 25 12 9 30 46

strictiumbilicata -15 -17 6 28

sulcogradata -3 20 39

undata 22 41

virguloides 24

vittata

��)#  & <����� �"�,��( � �� �� ��$$ � �� �� ���� � � �$ �" !��%�! �" !! ,��"�� �� �� � �����; ��(��$����� %�!' � �� )�!�$�� �#



� ��������� $��� ����#���������;
� �����!#�� $��� ��������� ��� �!����;
� ���������"�����!� $��� ��������� ��� �������;
� ������!����� $��� ���������� �����"������ ���

�!����;
� ��������*�������� $��� ��������� ��� �������;
� �����"������ $��� ��������+�!�������� +��"������

����#���������� ���������� �����!#��� ���"������� ��� ���$

����;
� �!���� $��� ����#���������� ���������� �������$

��"�����!�� ���"�������� ��� �������;
� ���"������� $��� ���������;
� ������� $��� ����#���������� ��������� ��� ���"�$

������;

�" � �� �� ��$$ � �� �� �" ���� � � �$ �" ��&

����! "�!$ ,"��! �$ �" ���������" *��)# B+ � �'!� � �� ) 

���(������ $�� � % ��! �� �� � �����# �� � (���� �" ��'&

�� � �� �� �� �� � �% � �� ������('��"�
� ��������+�!������� $��� +��"������ ����������

���������"�����!�� ��������*�������� ��� �������;
� +��"����� $��� ����#���������� ���������� ����$

�����"�����!�� ��������*��������� �!����� ���"��������

��� �������;
� ��������� $��� ����#���������;
� �����!#�� $��� ��������+�!�������� +��"������

�!����� ���������� ���������"�����!�� ���"������� ��� ���$

����;

� ���������"�����!� $��� ����#���������� ���"�$

������ ��� �������;
� ������!����� $��� +��"������ ���������� �������$

��"�����!�� �����"������ ��� �������;
� ��������*�������� $��� ���������� ���������"�����$

!� ��� �������;
� �����"������ $��� ��������+�!�������� +��"������

����#���������� ���������� ���������"�����!�� �!����� ���$

"������� ��� �������;
� �!���� $��� ���������� ���������"�����!� ���

�������;
� ���"������� $��� ���������;
� ������� $��� ����#��������� ��� ���"�������#

:��� ��)# @� �"�� �'�����2 � �" ��$$ � �� �

����( �� �� � �� �" )���� �$ �" �"�  ���������"

�"����� �� ���)�� �� �� ,�!! ) �  � �"�� +��"������ ���$

������� ���������"�����!�� �!���� ��� ������� �� � ���!�

������('��" � $��� �� ����" � ��� $��� �" ��" � ��'&

�� � �� �� � �� �" )���� �$ �� ! ��� �� �"����� �; �����$

"������ �� ��$$ � ����� � $��� �!!  �� �� $�� ��������*��$

������# �" � �� ���% !��%�! �" !!� �$ ��������+�!��������

����#���������� ������!������ ��������*�������� ��� ���"�$

������ ��� �� ��� �� ��$$ � ��(��$�����!� $��� �� ��&

��" �; �" ���������" �$ �����!#�� � �'!� � �� ) �!�&

� !� ����!�� ��!� �� �"�� �$ ����#���������� ������!�����

��� ��������*��������#

%������� &' ( ����� )'		1

ca
n

a
ri

en
si

s

d
ep

re
ss

o
fu

n
ic

u
la

ta

d
il

lw
yn

i

fu
lg

u
ra

ta

g
u

a
lt

ie
ri

a
n

a

h
eb

ra
ea

m
a

ro
ch

ie
n

si
s

o
b

li
q

u
ic

a
ll

o
sa

p
li

ca
tu

la

p
ro

p
in

q
u

a

p
se

u
d

o
ep

ig
lo

tt
in

a

ra
ro

p
u

n
ct

a
ta

st
er

cu
sm

u
sc

a
ru

m

st
ri

ct
iu

m
b

il
ic

a
ta

su
lc

o
g

ra
d

a
ta

u
n

d
a

ta

vi
rg

u
lo

id
es

vi
tt

a
ta

canariensis -50 55 -13 64 -64 43 -56 36 -63 28 -57 -71 -63 -66 -54 -54 44

depressofuniculata 77 43 82 -28 71 -13 68 -27 64 -13 -42 -25 -32 8 -7 72

dillwyni -61 20 -84 -21 -80 -29 -83 -37 -80 -87 -83 -85 -79 -79 -19

fulgurata 68 -59 50 -50 44 -58 37 -50 -33 -57 -61 -48 -47 51

gualtieriana -87 -37 -84 -43 -87 -50 -84 -90 -86 -88 -83 -83 -35

hebraea 79 17 77 1 74 17 -20 3 -6 21 22 80

marochiensis -75 -10 -79 -20 -75 -83 -79 -81 -74 -73 2

obliquicallosa 72 -16 69 -1 -34 -14 -23 5 6 76

plicatula -77 -12 -72 -82 -76 -79 -71 -71 12

propinqua 74 16 -21 2 -8 20 21 80

pseudoepiglottina -69 -79 -73 -76 -67 -66 22

raropunctata -33 -14 -22 5 6 76

stercusmuscarum 23 14 37 38 84

strictiumbilicata -10 19 19 79

sulcogradata 26 27 81

undata 1 74

virguloides 74

vittata
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NUMBER OF WHORLS PROTOCONCH

DIAMETER

DIAMETER OF THE 

FIRST HALF WHORL

1. depressofuniculata 4, 6, 10, 12 4, 9, 10 2, 4, 5, 6, 8, 9, 12

2. fulgurata 4, 6, 10, 12 3, 4, 6, 8, 9, 10, 11 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 

12

3. obliquicallosa 4, 6, 10, 12 2, 4, 9, 10, 12 2, 4, 6, 9, 12

4. plicatula 1, 2, 3, 5, 6, 7, 8, 9, 10, 11, 
12

1, 2, 3, 5, 6, 7, 8, 9, 10, 11,
12

1, 2, 3, 5, 7, 8, 9, 10, 11

5. propinqua 4, 6, 10, 12 4, 9, 10 1, 2, 4, 6, 10, 11, 12

6. pseudoepiglottina 1, 2, 3, 4, 5, 7, 8, 9, 11 2, 4, 10, 12 1, 2, 3, 5, 7, 8, 9, 10, 11, 12

7. raropunctata 4, 6, 10, 12 4, 9, 10 2, 4, 6, 9, 12

8. strictiumbilicata 4, 6, 10, 12 1, 2, 4, 12 1, 2, 4, 6, 12

9. sulcogradata 4, 6, 10, 12 1, 2, 3, 4, 5, 7, 11, 12 1, 2, 3, 4, 6, 7, 10, 11, 12

10. undata 1, 2, 3, 4, 5, 7, 8, 9, 12 1, 2, 3, 4, 5, 6, 7, 11, 12 2, 4, 5, 6, 9, 12

11. virguloides 4, 6, 12 2, 4, 9, 10, 12 2, 4, 5, 6, 9, 12

12. vittata 1, 2, 3, 4, 5, 7, 8, 9, 10, 11 3, 4, 6, 8, 9, 10, 11 1, 2, 3, 5, 6, 7, 8, 9, 10, 11
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"�����!� ��� �� ����� � $��� :�(# 1� �� �� � �% �!�����#
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����!� ��  � � �"�� �"�� �$ �" ������!����� (��'� *��$

��#���������  ��!'� �+; �" ���� �$ ��������� � ��� �� ) 

��!! � �"�� �"�� �$ �" �� �� � �� �" ������!����� (��'�

��� �" $��� ) ��� � ���� ����(!� ����$ �� �'���(

(��,�"#

�" ���� ��(! %��� � (� ��!� �� �!! �� �� � ���

�"�� ����'��� $�� �" !��( �������� � %������ %�!' �

�)���� � *��)# =+# �" 0=I ���$�� �� ��� �%�!� � �&

������( �� �� �� � �� !��( !� �% �!�����( ��� �" ���&

��� � � �"����� � ��� ��� �� ) � %��� �$ ��� ��(��$�&

���� � �� ! ��� �� ���� ��� �" �� �� � ��%�!% � �� �"��

����������! �� ��� ��#

�" �'�'� � � $ ��'� �$ �" ���� � �� ���������� �

�� �"�� � �����# �� �� ���� �� � �� �!! �� �� � )'� $��

+��"����� �� ,"��" �" ��� �� ! �� �  �!� �"��� ! �

�'�'� ������ �� � ���������% �"����� �# �� �� ����� ��

� �������! �+ ��� %�����!� !������� �+ �������! �!� ��!���� ,���	 	B
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�"�� �" �'�'� ��� ) '� � $�� �� �� � � ��(������ ��!�
���������!!�#

��������# �" �&�"�� � �� ��'� ��� ) � $�� �
7'��������% !� )� � ��� �$ �" � !������ ) �,  � 	+
�� ��'� ,���" ��� �� ��'� " �("�� + �� ��'� " �("�
��� " �("� �$ �" �" !!� B+ �� ��'� ,���" ��� �����'�
���� � � ��� @+ )� �" %�!' � �$ �" ��� � !�� �!�� # �" 
�� $$��� ��� �$ ���� !����� � !���% �� �" �"�  ����� �$
�"����� �� E'�� ��� � ���% � (��� �� �!! �� �� � *� K 9#1=&
9#01+# :��� :�(# 0� �"��'(" 		� *� (� ����� !�� �
����� � �� �� � �% �!�����+ �� ,�!! ) �  � �"�� �" � ��
�� ��(��$����� ��$$ � �� ����( �� �� � ,��"��  ��"
(��'�# ��3 ,�� � �" ���)�� � � (� ������ �$ �" ����$
��!����� ��� ���������"�����!� (��'�� *��� �!!'����� �

" � + �� ��� ��(��$�����!� ��$$ � �� $��� �� ����" �
��� $��� �"�� �$ ���������# �" ��� � !�� �!�� � �# # �" 
���!������� �$ �" ��� � !�� �� �" �" !! ����� �� ���" �
%����)! �� �!! �� �� �# �(���� �" 0=I ���$�� �� ��� �&
%�!� � �������( �� �� �� � �"�, �� ��(��$����� ��$$ � �� 
*��)# A+#

�" ���� ��! ��!!'� �� ����" � �� ��'��! �"����� �
���������( �$ � �"�� �� �"��3 ������( �$ �����" �" !!�
���� �  �� ����( $��� �" ���� ��! !��# : ��'� � �$ �" 
���� ��! ��!!'� �� 	+ �"��3� ��� + ,���"� B+ �"�� ��� @+
�)� �� 4�� � �� ��� � % !��� �� �$ �� ��� ���� !�) #
�" �'�"��� "�% ������ � ����� ��������� �� �" 
���� ��! ��!!'� ��� "�% '� � �� ���������!!� �� �� ����&
�����! ������('��"��( �"����� � �� ��������( �� �� �# ��
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standard 95%

deviation confidence

interval

depressofuniculata 128° 7 114°-142°

fulgurata 128° 9 110°-146°

propinqua 125° 7 111°-139°

raropunctata 125° 9 107°-143°

obliquicallosa 134° 10 114°-154°

strictiumbilicata 115° 5 105°-125°

sulcogradata 130° 7 116°-144°

undata 129° 6 117°-141°

plicatula 122° 8 106°-138°

pseudoepiglottina 116° 8 100°-132°

vittata 117° 8 101°-133°

mean

��)# = & -��� ��(! �$ �� �� � ��%�!% � �� �" ����������! ���!����#

standard 95%

deviation confidence

interval

depressofuniculata 30° 6 18°-42°

fulgurata 25° 5 15°-35°

propinqua 30° 6 18°-42°

raropunctata 27° 6 15°-39°

obliquicallosa 25° 6 13°-37°

strictiumbilicata 26° 4 18°-34°

sulcogradata 26° 5 16°-36°

undata 25° 7 11°-39°

plicatula 28° 7 14°-42°

pseudoepiglottina 33° 6 21°-45°

vittata 30° 7 16°-44°

mean

��)# A & -!�� �$ ��� � !�� �$ �� �� � ��%�!% � �� �" ����������!
���!����#



� (���� �" �� �� � ��% � � �� �"�� ��'�� *��)# .+� , 
��� �"�� ������� ���� ��� ��� ���"������� ���� � � ���&
������% ���� ��! ��!!'� $ ��'� � )� �" �� � �� �$ �" 
��� ���� !�) ,"��" �� ���!! ��� ����� � �� �" $��� �
�� �� �� ��� � % !�� �� ���(' &�"�� �� ��� ��"��( ��
��% � �" �������! ���� �$ �" '�)�!���! �� ���( �� �" 
!��� �# �" ���� ��! ��!!'�  ��� �!�� �� �" )���! $�����! 
)'� �� � ��� ��'�" �� �� ���������� ���������"�����!��
������!����� ��� ��������*�������� ," � �� �� � ������ �
��� �������!� $��� �" )���! $�����! �� ��������+�!�$
������� +��"������ ����#���������� �����!#��� �����"����$
��� �!���� ��� �������# �" �% ��!! �"�� �� ��������!�
�')7'�����('!�� �� 7'�����('!�� �� ���� �� �� � ���
 �"�)��� ��!� ����� ��$$ � �� � �� � ��� �$ � �� ���% 
! �(�" ��� )� ���"; �� �! ��!� �����,� ��,�,��� ��
���������"�����!� ��� ��������*��������� ! �� �� �� ����$
#��������� ��� ������!�����#

D ����!'� �"�� �" ����������� �$ �" �� ��'� 
)� �" �� !% � ��� � !�� � �� �"�� �$ �" �" !! �� 
"���!� ��(��$����� $�� �" !�� �$ �� �� � ������ � � " � &
��# �" ���� ��! ��!!'� ��� ) '� � ���(�������!!� ��!� ��
�,� ��� �� ) ��( ��" �,�� �'���)! �� ������� � �� �����
�� ,"��" �� �� � � �" !! �� � ��� ) !��( ��� �"�� ��
,"��" �� ) !��(� ��#

1*������� ����������# �� �!� ��� ����� �" '�)�!�&
��! $ ��'� � , � ��������!� '� � �� ������('��" ����# ��
��� � �� % ��$� �" ���(������ %�!' �$ �" '�)�!���!

�"����� �� �� �" �� �� � �$ �" ������!����� ��� ����$
�����"�����!� (��'�� ��� �$ ���������� , � ��'� � �" 
,���" �$ 	+ '�)�!��'�� + '�)�!���! ��!!'�� B+ �������!
�'!�'� ��� @+ �)�����! �'!�'�#

�" '�)�!��'� ,���" (�% � (��� ���� !����� ,��"
�����'� ���� � � �$ �" �" !! �� �!! �� �� � *� K 9#.	&
9#0.+# �" �!�� �$ �" '�)�!��'� ,���" �(����� �" ���&
��'� ���� � � $��  ��" �� �� � �$ �" ������!�����
(��'� *��� �!!'����� � " � ��+ �"�,� �"�� �" ������ � &
�� � ����( �" �" !!� ) !��(��( �� +��"������ ����#�����$
����� �����!#��� ������!����� ��� �!���� $��� � � �� �
�$ �% �!�����(�  !��(�� ����� �� ���������( �� ��(��$�&
���� ��$$ � �� ��� �" ��� ���% � ��' �� � (����
��������+�!������� ��� ��������*��������; �� )��" ��� �
�" � �� ���% � (� ����� !�� � � �'!� � �� ) )�����!!�
������� ��# �" ���)�� � � (� ����� �$ �" !��� � �,�
�� �� � ��� ��� �� ) ��(��$�����!� �"�!!�, � �"�� �"�� �$
�" $��� � $�% *:�(#	�+ ,"��" � �� �� "�% � ��� &
,"�� ,�� � '�)�!��'�� ������'!��!� �� !�� � (��,�"
���( �# �" !�� $�� �����"������ �� �" ����  ! %�� �
*:�(# 	�+ ��� �"�,� �"�� �"�� �� �� � "�� �" '�)�!��'�
��������!� ,�� � �"�� ��� ��" � �� �" ������!�����
(��'�# �� ��� ) �  � $��� :�(# 	�� �� ��(��$�����
��$$ � �� �� �  ���� $�� �"�� ��� � !������"�� ) �,  �
���������"�����!� ��� �������# �� �� �$ ��� �"��� �"�'!�
�" �,� (���"� ) �'� ������ �� �" ���)�� � � (� �&
���� �$ ���������"�����!� ��� ������� $��� �� ,��" �"�� �$
�" ���� ��������+�!������� ��� ��������*�������� �� �� �

� �������! �+ ��� %�����!� !������� �+ �������! �!� ��!���� ,���	 	=

depressofuniculata moderately thick to thick, subquadrangular, ending some distance from the basal 

fasciole; anterior lobe indistinct.

fulgurata thick, short and broad, ending some distance from the basal fasciole; anterior lobe 

indistinct.

obliquicallosa thick, slightly narrowing abapically, ending some distance from the basal fasciole; 

anterior lobe indistinct.

plicatula quadrangular, rather wide and thin, nearly reaching the basal fasciole; anterior lobe 

indistinct.

propinqua rather thick, subquadrangular, never reaching the basal fasciole; anterior lobe 

indistinct.

pseudoepiglottina moderately thick, narrowing abapically, ending close to but not in touch with the 

basal fasciole; anterior lobe indistinct.

raropunctata moderately thick, slightly narrowing abapically, ending near the basal fasciole but 

not touching it; anterior lobe very small to indistinct.

strictiumbilicata thick, narrowing abapically, ending close to but not reaching the basal fasciole; 

anterior lobe indistinct.

sulcogradata rather thin and short, ending some distance from the basal fasciole; anterior lobe 

indistinct.

undata rather thick, subquadrangular, ending some distance from the basal fasciole; 

anterior lobe indistinct.

virguloides very thick, overlapping the basal fasciole; anterior lobe well developed, tongue-

shaped, obscuring the adapical part of the umbilicus.

vittata thin to moderately thick, ending some distance from the basal fasciole; anterior 

lobe small, pointed.

��)# . & : ��'� � �$ ���� ��! ��!!'� �$ �" ��'�� � �� �� �#



�"�� �$ ��������� *!�� ����� � $��� �" (���"� �� �� &
� �% �!�����+# �� �'������ �" '�)�!��'�� ������ � ��
�" ��2 �$ �" )��� ,"��!� � ��� �� ) ���!! � �� ��$
������+�!�������� ���������� ���������"�����!�� ��������*$
��������� ��� ������� �"�� �� +��"������ ����#����������
�����!#��� ������!����� ��� �!����; �� ������� �" 
(� �� �� ,���" �� �����"������# �" ���!���� �"�,� �"��
�" ���!��'� �$ �" '�)�!���! �� ���( "�� � ��� ��� 

���(������ %�!' ��� ��� ) '� �  $$��� ��!� ��!� ��
��� ��� � �� �"����� ��2 �� �� � ��� ��� �$� �� !���
�$ �� �� �� ���%�� � �"�� $'!!� (��,� �" !!� �� �%��!&
�)! # J'% ��! �� ��� �� �$ �" �� �� � ������ � � ��
�"�� ���!���� �� ��������!!� ��������('��"�)! �� �" )�&
��� �$ �"�� �"����� � ���� �� $���� �" ������ � �� � ����(
�" � �� ��("�!� �!'�� � � �!�� �� �" ���(�� �$ ������&
��� �� �#
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�" ���� !����� ) �,  � ,���" �$ �" '�)�!���!
��!!'� *� !�� � �� �" ��� �(�" �$ �" $'���! + ��� ,���"
�$ �" '�)�!���! �� ���( � �'!� � �� ) ��(��$����� �� �!!
�� �� � *� K 9#=&9#11+# �" !�, ����� %�!' � , � �)&
���� � $�� ����#��������� *� K 9#=+ ��� ���������"�����!�
*� K 9#=.+ �� ,"��" �" $'���! ���( � ��� ,�� !� ��
��� �(�"# �" �!�� �$ ,���" �$ �" '�)�!���! ��!!'�
�(����� '�)�!��'� ,���" $�� �" �� �� � �$ �" ������!�$
���� (��'� *��� �!!'����� � " � ��+ ������� � �"�� ������$
��+�!�������� ����#���������� ������!����� ��� �!���� ��
��� ��$$ � ��(��$�����!� $��� �� ����" � $�� �"�� � !�&
�����"��� �� �� +��"������ �����!#�� ��� �����"������
," � �� ��������*�������� �� �! ��!� ��$$ � ����� �# :���
:�(# 	B� �� ,�!! ) �  � �"�� �" ���)�� � � (� ������ �$
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basal fasciole

depressofuniculata wide, markedly depressed, defined abaxially by the sudden deviation of growth 

lines

fulgurata moderately wide, bluntly rounded, defined abaxially by a low, obtuse 

angulation

obliquicallosa wide, sharply edged abaxially by a low step

plicatula nearly indistinct

propinqua moderately wide, bounded abaxially by a rounded step

pseudoepiglottina blunt and rather broad, defined abaxially by a very low step, occasionally only 

by the sudden deviation of the growth lines

raropunctata wide, sharply edged abaxially by a low step

strictiumbilicata moderately wide, not prominent at all, defined abaxially by the sudden bending 

of the growth lines

sulcogradata wide and blunt, defined abaxially by the deviation of the growth lines or by a 

spiral, incised line

undata wide, triflingly prominent or not prominent at all, defined abaxially by the 

sudden deviation of the growth lines or by an incised spiral line

virguloides poorly differentiated, marked by the bending of the growth lines

vittata poorly differentiated, defined abaxially by the bending of the growth lines
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background color pattern

depressofuniculata light-brown reddish pattern which may consist of:

1. uneven, irregularly arranged spots 

2. spirally elongated oval spots

3. triangular spots and/or chevron marks which may fuse to form collabral stripes

fulgurata pale yellowish brown reddish pattern which may consist of:

4. usually crowded, small and even dots often arranged in collabral rows

5. axial zigzag lines or stripes

6. uneven, variously sized dots and spots arranged in irregular collabral rows

7. spots replaced by chevron markings during growth

plicatula light gray reddish brown pattern of 4 spiral rows of squarish or chevron spots

propinqua light-brown reddish pattern which may consist of:

8. dense, undulating, collabral lines or stripes; spots may replace lines in later growth stages (rare 

occurrence)

pseudoepiglottina • uniform pale brown to pinkish

brown without any color pattern

• pale reddish brown

red pattern which may consist of:

4. small and even dots roughly arranged in collabral rows

9. crowded, uneven and irregularly arranged small dots which may fuse adapically to form subsutural

chevron markings
1. uneven, variously sized and irregularly arranged spots

raropunctata brown to light-brown reddish-brown pattern which may consist of:

4. usually crowded, small and even dots often arranged in collabral rows

10. large, even spots irregularly arranged in collabral rows

1. uneven, irregularly arranged, large spots

11. spirally elongated spots

3. spots and chevron marks occasionally fused to form collabral stripes

12. irregular spiral broken lines

obliquicallosa pale brown 4. usually crowded, small and even dots often arranged in collabral rows

1. uneven, irregularly arranged spots

11. spirally elongated spots

12. irregular spiral broken lines

strictiumbilicata pale brown reddish pattern of:

1. uneven, irregularly arranged spots 

sulcogradata light-brown reddish-brown pattern which may consist of:

4. usually crowded, small and even dots often arranged in collabral rows

10. large, even spots irregularly arranged in collabral rows

11. spirally elongated spots

undata pale brown reddish pattern which may consist of:

8. gently undulating collabral lines occasionally interrupted or partially replaced by variously shaped spots

13. axially elongated, oval spots arranged in collabral rows

virguloides not observable reddish brown dots and 2 spiral rows of large, approximated, irregular spots

vittata pinkish white reddish brown irregular reticulated pattern of interconnected polygons and 2-3 spiral rows of brown 

spots; a subsutural dark band is also present
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central callus marginal outer

sculpture

outer groove middle groove inner groove outer ridge middle ridge inner ridge

depressofuniculata elongate 2 grooves, 2 ridges;

outer groove and ridges on 

distinctly elevated shelf

wide and shallow, sloping 

adaxially, bearing 

longitudinal rows of 

granules

of variable breadth, 

exceedingly shallow 

to obsolescent

thin and 

moderately

prominent

identical to the outer 

one, bent toward the 

inner furrow

fulgurata elongate 2 grooves, 2 ridges broad and shallow, 

regularly arched in cross 

section

attenuated, markedly 

narrower

sharp rather strong, flat-

topped

obliquicallosa operculum indistinguishable from that of raropunctata

plicatula bent toward the 

inner margin
2 ridges separated by a 

groove

rather deep, 

asymmetric in 

cross section

robust and 

rather sharp, 

sloping inward

strong, flat-topped,

vertical or sloping 

inward

propinqua broad 2 grooves, 2 ridges;

marginal area bearing 

outer groove and ridge 

sloping outward

moderately excavated, 

angular in cross section

narrower and 

shallower, attenuated 

to obsolete in larger 

specimens

sharp sharply or roundly 

edged, reclinate 

toward the inner 

groove

pseudoepiglottina bent toward

inner margin

3 grooves, 3 ridges;

ridges, median and outer 

grooves on elevated, 

sloping inward shelf

rather narrow and shallow similar to the 

outer one

wider and deeper, with 

subvertical outer side

blunt and low sharp,

thinner,

occasionally

thread-like

similar to the outer 

one

raropunctata elongate,

prominent

2 grooves, 2 ridges rather wide, moderately

deep, sometimes 

obsolescent, may bear 

longitudianl rows of 

granules

usually narrower and 

less excavated, 

sometimes attenuated 

or obsolete

sharp to round-

topped

usually well 

developed, thin to 

thick, with sharp to 

flat top, seldom 

obsolete

strictiumbilicata elongate,

prominent

2 grooves, 2 ridges deep, with flat bottom and 

vertical, concave sides

of equal breadth, 

deeper, with vertical 

outer side and inward 

sloping inner side

rather thin, 

moderately

sharp

massive, with bluntly 

rounded top and 

slightly concave sides

sulcogradata elongate 2 grooves, 2 ridges wide, arched in cross 

section, with dense 

granules sometimes 

forming 1-2 secondary 

thin ridges

equally wide, 

bounded adaxially by 

an abrupt angulation

sharp to round-

topped
laminar with toothed

edge

undata broad 2 grooves, 2 ridges wide and shallow, arched 

in cross section

similar to the outer 

one

sharp,

subvertical

similar to the outer 

one

virguloides short, nearly 

perpendicular to 

inner margin

2 grooves, 2 ridges; 

marginal area with coarse

transverse wrinkles

excavated, with concave 

bottom and subvertical 

sides

similar to the outer 

one, but  deeper

rather sharp robust, with flatly 

convex top and 

vertical sides

vittata short, nearly oval 3 grooves, 3 ridges;

ridges, median and outer 

grooves on elevated, 

sloping inward shelf

narrow, well incised, 

attenuated during growth

similar to the 

outer one

wider, moderately 

excavated, with outer 

side subvertical or 

sloping outward

thin, flat-topped wider, flat 

topped

similar to the outer 

one
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Kilburn, 1976 Marincovich, 1977 Pavia, 1980 Majima, 1989

shell globose globose globose globose

spire depressed to 

moderately high

low to moderately 

elevated

depressed low to moderately 

elevated

parietal callus with more or less 

developed anterior

lobe

with weak anterior 

lobe sometimes 

overhanging the 

umbilicus

with well developed 

anterior lobe 

obscuring the adapical 

part of the umbilicus

with distinct anterior 

lobe

umbilicus narrow to widely open narrow but not slit-

like

narrow to medium, 

never slit-like

rather narrow

funicle present, more or less 

thick

low absent weak

umbilical callus large slender reduced weakly developed

sculpture smooth or with 

subsutural axial 

pliculae

smooth smooth smooth or with 

subsutural axial 

wrinkles

operculum with 1-3 marginal 

ridges, sometimes 

with additional faint 

striations

with one to many 

spiral ribs

with one or several 

marginal ridges

smooth except for a 

few marginal grooves

diagnostic features 

pointed out by the 

authors

operculum with 1-3

marginal ridges

1. smooth shell

2. open umbilicus

3. slender umbilical 

callus

1. funicle wanting

2. anterior lobe of 

the parietal 

callus expanded

1. globose shell

2. deeply open 

umbilicus

3. weakly developed 

umbilical callus

4. operculum with a 

few marginal 

grooves
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shell globose, body whorl not expanded

protoconch of  2 whorls (diameter = 1.124 mm; diameter 

of the first half whorl = 0.368 mm)

spire low to moderately elevated

parietal callus thick and narrow, with distinct anterior lobe

partially covering the posterior part of the 

umbilicus

umbilicus rather wide and deep 

funicle lacking or poorly defined 

umbilical callus usually small but distinct, with reverse 

S-shaped outline, smoothly merging into 

parietal callus

sculpture smooth, growth markings more prominent 

subsuturally

operculum with 2 marginal ribs and a reduced third one 

sometimes extending from the central callus;

inner margin distinctly crenulated 

��)# 	 & �"����� �� �$ ������ �����$
���; �" ���� ��(��$����� �� 
)�!�$�� �#



�'�"���� �������!� �� � (���� �" ��'!��'� �$ �" �� �&

�'!'�# �� $���� F�!)'�� *	0.A+ ��� <�E��� *	010+ ���� �

�"�� �" �� ��'!'� �$ ���������� �� �"����� ��2 � )�

� % ��! �����! ���( �� ,"�! <�����%��" *	0..+ ��� ��%��

*	019+  ����� � �" � ����( �$ �" ( �'� �� ���!'� 

�!�� �� �� � "�%��( �� �� �,� �� ��'!�� ���( �# ��� 

�(��� �" ��� �� �� � �� �� ) � $ �� � ��; ��� �"����� ���

)�� � �� � �����! ��� ���! $��� �����! *�!# @� $�(# 0; �!#

.� $�(# @; �!# 1� $�(# 1; �!# 	9� $�(# + ��� �� �" � &

��������� �')!��" � )� F�)�� *	009+� �� �'�����2 � ��

��)# 	@# :��� �"�� !��� �� �� ,�!! ) �  � �"�� �" � $���&

����� �$ ���������� ����� � )� F�!)'�� *	0.A+ ��� <�&

E��� *	010+ �� )�����!!� ���� ��# �� �� ����$ �� �"�� �" 

����(�� �� �$ �� �� � "�%��( �" �� ��'!'� ,��" 	&B

���(���! ��)� �� ���������� ,�'!� ) $����)! ����

�" �� � �� ��� ��� ���)! #

�� �" < ��� ���� �� �� �� ��!� �" �! ����� � ��

� � �� ������ �������*������* �� !��� 	.0	 *�!# @� $�(#

1; �!# .� $�(# 	9; �!# 1� $�(# .+ ��� �" � � �� ������

������� <������ 	.1@ *�!# @� $�(# .; �!# .� $�(# 		; �!# 1�

$�(# A+ !�3 !� ) !��( �� ���������� �� �"�� �  � �" �" !!

�"����� �� �$ �"�� ( �'� ��� "�% ���� ��)� �� �" ��&

 ��'!'�# �" � ���� !�� �$ �!��� � �� �� � *�!! )'� $��

���"�������+ ��'�� � " � �� ������ ) !��( �� ����������

��� � 7'�� � ��$$ � ��� ��� �� 7'�� ( � ��� �!!���&

����#

%������� &' ( ����� )'	B@
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shell globose globose to somewhat 

elongated, small to 

medium in size, body 

whorl distinctly 

inflated

globose, sometimes 

elongated with 

swollen whorls

globose to somewhat 

elongated, with 

tabulated shoulder

spire not mentioned moderately elevated 

to elevated

moderately elevated 

to elevated

moderately elevated

parietal callus not mentioned thin to slightly 

thickened

thin to moderately 

thick, with poorly 

developed anterior 

lobe

with distinct anterior 

lobe

umbilicus wide usually narrow, rarely 

broad, with 

moderately to deeply 

excavated sulcus

narrow, with distinct 

adapical sulcus

not greatly open

funicle robust to low robust to low and 

indistinct

robust to low or 

indistinct

strong

umbilical callus not mentioned slender slender well developed, 

semicircular to half 

heart-shaped

sculpture subsutural axial 

grooves

sharply incised axial 

grooves that extend 

from suture part way 

to periphery

incised subsutural 

axial grooves

distinctly developed 

subsutural axial 

wrinkles

operculum with 6-12 strong 

spiral ridges

with one or two ribs at 

outer margin or 

several ribs over outer 

portion

with one, two or many 

ribs over  outer 

portion

with numerous spiral 

grooves or costae

diagnostic features 

pointed out by the 

authors

operculum with 6-12

strong spiral ridges

1. distinct radial 

grooves above 

the periphery 

2. slender umbilical 

callus

3. operculum

usually with 

several spiral ribs

umbilical characters 1. subsutural axial 

wrinkles

2. umbilical callus 

large,

semicircular to

half heart-

shaped

3. tabulated

shoulder

4. multisulcate

operculum
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���� ��)� �� �" �'�$�� �$ �" !��� �#

�� ����'�� �$ �" $ ��'� � �$ �" ��� &�� �� �
*��)# 	=� ��� ���! �� �'� ��!! �����+ ��� �$ ��" �� ,"��"
�� �!�� !� � !�� � �� ��� �" �"����� �� �$ ������� ��� ) 
�'�!�� � �� $�!!�,�� 	+ �" !! �"�� �� ��!��� (!�)�� ��
� �� �� �&(!�)�� � )��� ,"��! ��� ��� !�  ����� ��
+ ���������" !�,&�'�)���$��� �$ 	#=&B#= �����"
,"��!�� B+ ���� ���" � � �� �� � �� ��� ��� !�  ! &
%�� �� @+ �'�'� ���� �� � �� �"��� ! �� =+ ���� ��! ��!&
!'� �"�� �� �"��3� '�'�!!� �"���� ,��" ���������� �� ����!�
� % !�� � ��� ���� !�) � A+ '�)�!��'� ���" � ���!! ��
,�� � .+ $'���! �"� ��&!�3 �� �"��3 ��� ��� �� ! ��
������ ��� 1+ '�)�!���! ��!!'� ���!! �� )����� ��������!�

� ����� � $��� �" ���� ��! ��!!'� )� � � % �� J&�"�� �
����"� 0+ ��!��� �'� �� ��'!'� ,��" &B ���(���! ��)�#
�" �� ��'!'� ������ �� �" ���� � ! %��� ���(������
 ! � �� �� ) '� � �� ���)������� ,��" �" ���� ��!
��!!'� ��� '�)�!���! $ ��'� �# �" �!��� � �� �� � ��
!��  $'!!� ���$��� �� �" �"����� �� �$ ������� ���
�� " � �� ����(� � �� ��#

�� �  �� �"�� � % ��! �'��� �� � ��2��� �� �� �
��� ) !��( �� �������� )'� !�����( �" � �� ) ���� �" 
���� �$ �" �� � �� ��� �# -')� 7' �� �� �" �!��� � �
�" ( �'� ������� ��� ��� �� ) � �� � �� � �� �" < �&
�� ���� �� �� � ��!� )� ������� ������� *�� !��� 	.0	+;
���� �� �� � �"�� !�3 !� ����" �" �"����� �� �$ �"��
( �'� ���'� �� D �� �$����� ,�� ��#

��������( �� ����� *	01=+� �" ����&����$��
( �'�  �!�� <��,��3� 	0B	� ,"��"  �"�)��� �" !! ���
�� ��'!�� �"����� �� ����!�� �� �"�� �$ �������� �� ���&
���('��" � �� �" )���� �$ ��� ���'!�� $ ��'� �#

���������� �������

�" �������� �� � ��������� (��'� ��$$��'!� ��
"���! ) ��'� �� �� ����"�!�(���!!� ���� �%���% *<��&

� �������! �+ ��� %�����!� !������� �+ �������! �!� ��!���� ,���	 	B=

shell globose, body whorl expanded 

protoconch of 2 whorls (diameter = 1.340 mm; diameter of 

the first half whorl = 0.510 mm) 

spire low to moderately elevated

parietal callus short, with poorly developed anterior lobe

umbilicus rather narrow and deep with distinct adapical 

sulcus and largely filled by the umbilical callus

funicle broad, prominent

umbilical callus broad, semicircular, separated from the 

parietal callus by a squarish notch

sculpture slightly curved subsutural wrinkles but

otherwise smooth

operculum with 8 low and broad marginal ribs

��)# 	@ & �"����� �� �$ ������ ��!��$
!�; �" ���� ��(��$����� �� 
)�!�$�� �#

shell globose, body whorl moderately expanded

protoconch of 2-2.25 whorls (diameter = 0.557 mm; 

diameter of the first half whorl = 0.090 mm)

spire moderately elevated

parietal callus moderately thick, narrow and relatively short, 

with poorly developed anterior lobe

umbilicus narrow and deep, with distinct adapical sulcus

funicle rather thin, placed abapically

umbilical callus small, semicircular, separated from the 

parietal callus by a reverse J-shaped notch

sculpture smooth, growth markings slightly more 

prominent subsuturally

operculum slightly concave externally, with 3 low 

marginal ribs
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protoconch
° h h h h h

spire (height)
h h

suture
h

parietal callus (all features)
° h °

umbilicus (width)
h

funicle (absence/presence, all 

features)
° °

umbilical callus 

(absence/presence, all features)
h h h h °

sculpture
h

color
° ° h ° ° h h

operculum
h h h h h h h h h h h
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