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The Egg Capsule and Young of the Gastropod

Pyrulofusus harpa (Morch) (Neptuneidae)

BY

I. McT. COWAN

Department of Zoology, University of British Columbia

Vancouver, Canada

(Plate 1)

The prosobranch mollusk Pyrulofusus harpa (Morch,

1858) has the centre of its abundance in the Gulf of

Alaska from Sitka to the Shumagin and Aleutian Islands.

It has been reported also from the Pribiloff Islands in the

Bering Sea. Four specimens in my collection were taken

in trawls on stony bottom at depths ranging from 74 to

140 fathoms and at localities between 167° west and 150°

west along the northern border of the Gulf of Alaska.

None was found in the few trawl sets made at depths

between 140 and 250 fathoms. All were taken incidentally

during exploratory fishing from the Fisheries Research

Board of Canada vessel "G. B. Reed".

While Pyrulofusus harpa is not uncommon in this region

the egg capsule and the capsular young have not been

described. Recently a student at the University of British

Columbia brought me a very large egg capsule, preserved

in formalin, that had been brought up when snagged on

one hook of a halibut set-line. The exact locality was not

recorded but it was in the Gulf of Alaska off Kodiak

Island, the depth about 80 fathoms. The capsule con-

tained a single young that is easily recognizable as P. harpa.

The recent description by Gonor (1964) of the egg

cases and capsular young of the allied species Pyrulofusus

deformis (Reeve) prompts me to record the several

differences that clearly distinguish the two species.

The egg capsule of Pyrulofusus harpa contained just

the single young. Not a trace remained of any nurse eggs

that had been present. The soft parts of the young had

decomposed before preservation was attempted and the

small amount of detritus in the capsule proved to have

this origin.

The capsule is firmly cemented onto the surface of a

small stone by its broadest surface, the base. At this point

the capsule is not quite circular (Plate 1, Figure 4) but

measures 39 mm by 35 mm and thus is almost 50% larger

than that of Pyrulofusus deformis. On the other hand it

rises only 21 mm from base to apex (Plate 1, Figure 3).

These dimensions make it an almost perfect hemisphere.

A circular band of whitish material surrounds the base on

the stone. Submerged the capsule is slightly yellowish

and transparent. The outer surface is hard and its surface

is clearly marked with a pattern recalling that of pig-skin

leather. The capsule is composed of an outer layer, about

0.08 mm in thickness and patterned as described. Inside

this is a thinner, more flexible inner layer, smooth and

showing no pattern at 50x magnification.

The capsule young specimen has 2^ whorls (Plate 1,

Figure 1 ) . The first two whorls are almost smooth, except

for regular incremental lines and just an indication of

spiral sculpture. They carry a very delicate white cuticle.

The third whorl is distinguished by its pronounced spiral

sculpture in which the ridges are more prominent and less

numerous than in the figures of Pyrulofusus deformis. In

comparison with that species also P. harpa is more bullate

in general form. There is no indication of the longitudinal

costae that are so characteristic of the adult (Plate 1,

Figure 2 ) . These do not appear until toward the comple-

tion of the third whorl.

Measurements of the young specimen are

:

Shell length 19.5 mm; maximum diameter of body whorl

12.6 mm; aperture length 13.5 mm; diameter of first

whorl 9 mm
;
height of first whorl 5 mm.
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A comparison of the egg capsules and young of the two

species of North Pacific and subarctic Pyrulofusus can be

summarized as follows:

Table 1

Characteristic Pyrulofusus harpa Pyrulofusus deformis

Capsule:

Covering layers

Shape:

Maximum diameter

height

Young:

Shell length

Spiral sculpture

outer layer patterned

inner layer smooth

hemispherical

39 mm
21 mm

19.5 mm
appears on third whorl

24+ ridges

outer layer without pattern

(said to be only one layer)

subspherical

27 mm
24 mm

17.8 mm
appears on second whorl

40+ ridges

LITERATURE CITED

Gonor, Jefferson J.

1964. Egg capsules and young of the gastropod Pyrulofusus

deformis (Neptuneidae) at Barrow, Alaska. Arctic

17(1): 48-51
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Figure 3 Figure 4

Figure 1 : Capsule young of Pyrulofusus harpa.

Figure 2: Young adult of Pyrulofusus harpa.

Figure 3: Plane view of egg capsule of Pyrulofusus harpa.

Figure 4 : Lateral view of egg capsule of Pyrulofusus harpa.
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The Effects of an Intermittent Stimulus of Gravity

on the Geotactic Behavior of the Land Snail

Helix aspersa Muller

(Mollusca : Gastropoda : Pulmonata)

BY

MICHAEL I. MOTE1

AND

JACK T TOMLINSON

Department of Biology, San Francisco State College

(2 Text figures)

The concepts of 'phototropism' and 'geotropism' origi-

nated early in the 19th century from the descriptions of

directed movements of plants and unicellular organisms

by De Candolle. Loeb (1916) employed the concept of

tropisms in an attempt to describe the behavior of animals

in the terms of the physical scientist. He applied two

principles of photochemistry to the reactions of animals

to light. The first of these, the Bunsen-Roscoe Law,

states that the effect of light in a photosensitive reaction

is a product of the intensity of the light and its duration.

The second, Talbot's Law, deals with intermittent stimu-

lation by light. It states that the effect of intermittent light

is identical to that of continuous stimulation if the total

amounts of light energy emitted are identical. Reciprocal

variations of intensity and time of exposure will elicit

a constant response.

Extensive investigation has been carried out to establish

the validity of these principles. The major researchers

include Loeb (1916, 1918), Northrop & Loeb (1923),

Arnold & Winsor (1934), Wulf, Fry & Linde (1955),

Alpern & Faris (1956), and Brindley (1956). All of

the work to date has been concerned with photostimu-

lation.

The purpose of this investigation was to determine

whether or not Talbot's Law can be expanded to include

gravitational stimuli.

The pulmonate land snail Helix aspersa Muller was
subjected to vertical oscillations, which varied in speed

and intensity, while on a variable-tilt platform. A snail

1 Present address: Zoology Department, University of California

at Los Angeles, Los Angeles, California 90024.

is an ideal subject for this type of investigation because

of its sensitive geonegative response and its ability to

adhere to the substrate under conditions of intermittent

gravity stimulation.

Vertical oscillations passing through a certain point

average over time to an acceleration equivalent to that of

one gravity. That Helix is capable of detecting and

responding to an increased gravitational stimulation has

been established by Hoagland & Crozier (1931) and by

Cole (1926). Thus, if the present oscillated subjects

respond to the varying gravitational forces in a manner

not significantly differing from others on a stationary

platform, the physiological effect of intermittently applied

gravitational forces must be summated over time, and

Talbot's Law can be expanded to include gravitational

stimuli.

Extensions of the Bunsen-Roscoe Law have been shown

to be valid for gravity by Britton et al. (1950) in their

work on the effects of extreme increases and decreases

in the total amount of gravitational stimulation on circu-

latory parameters in rats and monkeys.

Other workers at San Francisco State College are

currently investigating stimulus parameters such as ther-

motaxis and galvanotaxis, in an attempt to formulate a

general hypothesis concerning intermittent stimulation.

Helix aspersa used in this experiment were collected

between April 22 and May 4, 1963, and were tested

within four hours of the time of collection. They were

stored in jars and cans which were uncovered 15 minutes

prior to the experiment. Moist paper towelling was kept

in the containers to insure maximum activity of the

animals.
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The experimental apparatus consisted of a sheet of

plywood, 48" by 22^" by J", standing vertically on the

floor. Two strips of J" aluminum tubing were set vertically

on the face of the plywood, 5 inches apart and parallel to

each other, and a sliding mechanism was constructed

to run along the tubing (Figure 1 ) . A 7" by 3" plastic-

coated insect tray was mounted bottom-side up on the

slider by a single bolt ; the tray could be fixed at any angle

to the horizontal plane.

tow line •

sliding mechanism

with tilting tray

driving pin

- V belt —

pulley (3")

Figure 1:

Experimental Apparatus

The slider and tray were oscillated vertically by a

mechanism powered by a £HP motor rated at 1725 rpm.

A series of pulleys and V-belts was used to reduce the

frequency of oscillation and to allow a four-way variation

of speed at the output of the system. A three-stepped

pulley was mounted on the motor drive shaft to deliver

three speeds at the input of the system, giving a total of 1

2

speeds available at the output.

Transmission to the sliding mechanism was accom-
plished by inserting the output shaft through the face of

the vertical plywood and mounting it on a 3" pulley.

A second 3" pulley was mounted on an idling shaft

directly above the first, and a 32" belt was rotated verti-

cally. A pin attached to this belt was connected to the

sliding mechanism by a line which was strung over a

bearing pulley at the top of the plywood. As the belt

rotated, it lifted and lowered the sliding mechanism along

the aluminum runners at a speed selected in the driving

mechanism. Speeds were available between 6 and 101

rpm, and the vertical distance traveled by the tray was

69 centimeters.

The tray was lined with a sheet of slick bond paper

with two parallel lines across its width, each one inch

from the center. A circle -| inch in diameter was drawn

between them to serve as the starting circle. The liner

was replaced after every trial to prevent any snail from

following the mucous trail of a preceding animal. The

room was darkened, and the apparatus covered with a

cardboard carton during each test. The tray was set at

the selected experimental angle, and an active experimen-

tal animal was placed in the starting circle, facing away

from the attachment of the tray and slider. The box was

then closed and the oscillation begun. After three minutes

rhe oscillation was stopped, the door opened, and the

animal's position on the tray noted. If the anterior edge

of the shell had passed the line on the elevated side of

the starting circle its position was noted as "up", if it

had passed the line on the lowered side of the starting

circle its position was noted as "down". Animals which

had come in contact with the sliding mechanism which

was not inclined at the experimental angle, and those

that had not moved at all, were not counted.

A different group of 20 snails was tested at each of the

four experimental angles (2, 8, 14, and 20 degrees) with-

out oscillation as a control. Groups of 20 snails were

then tested at five different frequencies of intermittent

acceleration at each experimental angle (9.5, 14.5, 26, 41,

and 54 rpm). A total of 480 snails were tested under

the described conditions.

In order to determine actual changes in acceleration

on the tray, the apparatus was placed in a dark room

and covered with black cloth. A white strip was placed

on the sliding mechanism. A strobe-light, which had been

found accurate by calibration against Welch tuning forks,

was used to deliver light flashes of known frequency. The

mechanism was operated at test speeds and a multiple

exposure was made with a Polaroid camera. This instru-

ment was rotated through a horizontal plane to avoid

superimposition of images and one entire cycle was

recorded. The positive prints were then projected on

white paper with an opaque projector. The images of the

w hite strip were traced and measured, yielding time and

distance values, from which the average rate of change
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Table 1

Orientation of Helix aspcrsa in six treatments at each of four angles, with the values of x-square and associated

probabilities for upward orientation at each of the angles, and the measured range of gravitational force (in gravi-

ties) for each oscillation rate.

revolutions per minute

Angle Dirprtion o 9.5 14.5 26 41 54 Total x s A p

2° Up oo 1 1 o1U 1 1
1

1

1

1

Kyi

Down 12 8 10 9 8 9 56

Total 20 20 20 20 20 20 120 10.7 1.1 1.32 0.93

8° Up 14 15 13 16 15 15 88

Down 6 5 7 4 5 5 32

Total 20 20 20 20 20 20 120 14.7 1.3 1.26 0.94

14° Up 18 16 18 17 17 19 105

Down 2 4 2 3 3 1 15

Total 20 20 20 20 20 20 120 17.5 1.1 2.25 0.82

20° Up 20 20 20 20 20 20 120

Down
Total 20 20 20 20 20 20 120 20.0 0.0 0.0 1.00

Gravitational Force 1 0.94 0.92 0.66 0.15 0.10

(
range

)

1.12 1.11 1.56 2.28 2.43

of velocity, or acceleration, could be determined. The

results of this procedure are given in Table 1.

The number of animals to orient upwards or down-

wards at six treatments of each of the four angles are

listed in Table 1.

In order to compare the number of snails traveling

upward at any particular angle and oscillation frequency,

a x-square test for homogeneity was used. The values of

X-square for different angles, together with the associated

probability based on the assumption of homogeneity, are

also presented in Table 1.

Thus for any given angle the associated probability

indicates that a value of x-square as large or larger than

that observed would be achieved if the number of animals

traveling upward was independent of oscillation frequen-

cy. For example, at 2° inclination, a value of x-square

greater than or equal to 1.32 would be observed with a

probability of 0.93. Such a highly probable event does

not constitute evidence in favor of a difference due to the

rate of the mechanism or its resulting intermittent accel-

erations, for in only 7 of 100 trials would we expect to

observe a smaller value of x-square. It is concluded that

the orientations observed were independent of the oscil-

lations and intermittent accelerations provided by the

apparatus in this experiment. The data on the mean,

range, and standard deviation of the number of animals

to orient upward at the different angles indicate progres-

sive sensitivity to the angle of inclination ( Figure 2 )

.

Note that the snails are very sensitive to the different

angles of tilt, but do not exhibit a sensitivity to the

intermittent nature of the gravity stimulation caused by

the oscillating platform (Table 1).

Results indicate that in the cases observed an inter-

mittent stimulus of gravity does not change the proportion

of test animals that orient upward at any particular angle.

In this study we attempted to approximate the conditions

of Talbot's Law for reactions to light, using instead of

light the acceleration of gravity. The experimental ani-

mals were subjected to five different conditions in which

the reciprocal changes in intensity and time were unique.

If a principle analogous to Talbot's Law could be applied

to these conditions, using an entirely different stimulus

parameter, the results obtained from a particular treat-

ment should not differ significantly from any other treat-

ment, or absence of treatment. According to the statistical

procedures employed, the proportion of upward orien-

tation at any particular angle is characteristic and the

intermittent accelerations delivered do not change this

proportion. Within a particular angle, the observed vari-

ation of proportions of animals orienting upward during
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20

19

18 -

17-

16-

•a 15 i

5

3 14

13-

12-

11

10-

I

X

X

2 8 14 20

angle of tilting tray (degrees)

Figure 2:

Range, Mean, and Standard Deviation of Animals to Orient

Upward in a Set of 20 at each Experimental Angle

the control and experimental conditions could be expected

in the absence of treatment in at least 82% of the cases.

It is proposed that the existence of a general inter-

mittent stimulus hypothesis should be investigated, using

the principles heretofore found to govern animal reactions

to light.
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SUMMARY
1. The effects of an intermittent stimulus of gravity on

the geotactic behavior of the land snail Helix aspersa

Muixer have been investigated.

2. Animals were subjected to a vertical oscillation,

through a distance of 69 cm at rates of 9.5, 14.5, 26,

41, and 54 oscillations per minute, with extremes of

0.1 and 2.4 gravities.

3. Geotactic behavior was measured by counting the pro-

portions of animals to orient upward at angles of 2°,

8°, 14°, and 20°. Each of these angles was treated

with 5 rates of oscillation and no oscillation, and the

results compared.

4. Results indicate that the behavior at each angle is

distinct, with 99% confidence, and that variations in

rate of oscillation have no effect on this distinction.

Statistical treatment of proportions of animals to orient

upwards at each particular treatment indicate that

with high probability (0.82) the same proportions

could be obtained without treatment.

5. It is concluded that these snails are not differentially

responsive to accelerative stimuli of the magnitude

and time pattern applied, and a phenomenon analo-

gous to that described by Talbot's Law of light

reactions is operative for gravitational reactions as

well. Talbot's Law of light reactions states that with

intermittent stimulation, the effect will remain constant

if the total amount of light is constant, and reciprocal

variations of intensity and time will elicit constant

effects.
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Rheotactic Responses in the Marine Mollusk

Littorina planaxis Philippi

BY

JOHN R. NEALE

Hopkins Marine Station of Stanford University,

Pacific Grove, California

(4 Text figures)

INTRODUCTION
The following experiments were carried out at

Hopkins Marine Station of Stanford University in 1964

during April and May, the mating season of Littorina

planaxis (Philippi, 1847). At the end of May a popula-

tion survey showed that this species was found primarily

between +4 feet and +10 feet from zero tide level. The

L. planaxis used for the experiment were taken from

two populations, which were between +3 feet and +8
feet.

Most of the Littorina planaxis at China Point, Monte-

rey, California, range between 6 mm and 15 mm in

height. The animals used in this study were between 9.5

mm and 13.5 mm. This size is slightly larger than the

littorines in the intermediate group with which North

(1954) worked in his maximum current study. North

(/. c.) reports that a current of 230 cm/sec was sufficient

to dislodge a majority of snails. The currents used in the

present experiments ranged from 5cm/sec to 58 cm/sec.

The temperatures of the water used for the experimental

currents varied from 12.6° C to 13.2° C, which is slighdy

warmer than the range of the morning sea temperatures

for the same period.

A POSITIVE RHEOTAXIS
The first experiment (experiment A) was performed at

each of the four tidal periods. The following procedure

was used : ( 1 ) A pair of snails taken from the field

was allowed to attach to a glass plate; a current initially

aimed at the posterior end of the shell was then introduced

and the behavior recorded for about 20 minutes; (2) the

same pair was placed in a glass tube, 150 cm long and

2 cm in diameter; the tube was fixed horizontally on a

black background and completely filled with water, which

flowed at 27 cm/sec; the horizontal and angular move-

ment of the pair was recorded for about 30 minutes; (3)

step one was then repeated, and the pair of snails was

stored in the laboratory in dry collection bottles. The
apparatus was cleaned after each test to prevent old

mucous trails from having any effect.

Sixteen animals were tested in this manner for two

consecutive tidal periods. When snails were responding
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to currents on the glass plate in steps 1 and 2, there were

twice as many individual turns to the left as to the right.

Sixty-four per cent of 55 trials were essentially as illustra-

ted in Figure 1. The responses observed in step 1 were

insignificantly different from the responses observed in step

strong the animal formed a suction grip with the foot

in a preservation reaction and failed to respond rheo-

tactically. The fact that they oriented into the current,

when possible, is in agreement with North's observation

that Littorina planaxis were easier to dislodge when

posteriorly oriented to the current.

Figure 1

Typical Response of Littorina planaxis on a Glass Plate.

Arrow indicates the direction of the water current.
10 20 30

Time ( minutes)

40

3. A control experiment was performed to see if the un-

natural glass substrate was introducing any systematic

error. Sand substrates of two different degrees of coarse-

ness were used on 4 trials. The pair of snails used showed

the typical response.

The behavior displayed in the flow tube was essentially

uniform. Most of the snails showed a positive response

regardless of initial orientation ( Figure 2a). The excep-

tions were one female reacting entirely negatively; and

three females and one male showing no response during

the 30 minute test period. Of the other eleven, three

showed brief negative responses. A negative geotaxis and

preferences for an inverted position occurred during about

80% of the experiments (Figure 2b). Individual rates

were commonly sporadic and varied from cm/min to

7cm/min. The average for 30 minutes was 1.4 cm/min.

No correlation between activity and sex or tidal period

could be observed.

Another test lasting for an hour and a half was made
on four snails. It suggested that the rate of movement

might be inversely proportional to current velocities of

12 cm/sec, 36 cm/sec, and 59 cm/sec. In general, when-

ever the current became too great the animals would

withdraw their heads. They oriented into the current

unless the initial force was too great. If the current was

Figure 2 a

Typical Horizontal movement of Littorina planaxis in a Glass Tube

and Subjected to a Water Flow of 27 cm/sec.

Ordinate - in centimeters Abscissa - time in minutes

4

Time (minules)

Figure 2 b

Typical Vertical Movement of Littorina planaxis in a Glass Tube

of 2 cm Diameter and Subjected to a Water Flow of 27 cm/sec.

Ordinate - in centimeters Abscissa - time in minutes

Solid line indicates movement through the 180° of the left half of

the tube when looking into the flow; dotted line indicates movement

through the 180° of the right half of the tube.
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The positive rheotaxis appears to be a strong response.

In one experiment begun on six Littorina planaxis, one

animal demonstrated a strong positive taxis after seven

days of a continuous current flowing at 36 cm/sec. Over

half, however, either crawled out or were washed out of

the tube after 48 hours.

In repeating experiment A a month later on the snails

first used, several behavioral tendencies seemed more

stereotyped. Because of the weakened condition of the

starved animals, only half the current first used was

employed. Even then, activity was appreciably decreased.

Stops were more frequent and angular movement dropped

to almost zero except in the cases of the negative geotaxis

and inversion, which occurred only 50% of the time.

There were, however, no negative rheotactic responses,

and the ratio of left to right turns, observed during steps

1 and 3, increased from 2 : 1 to about 5:1. The direction of

the flow was reversed for half of the tests to act as a

control for possible systematic error.

There appears to be an innate tendency for counter-

clockwise movement in Littorina planaxis. On several

occasions in steps 1 and 3 of experiment A snails, which

were allowed to attach, spontaneously started to turn to

the left. As the plates were damp, perhaps part of L.

planaxis's behavior is a kinesis instead of a taxis. Four

snails with tentacles removed and one pair with only

the right tentacles removed exhibited the typical responses

in experiment A. A population study was made in the

field on 339 large (12 mm - 16 mm) L. planaxis located

on a vertical rock surface at +12 feet to +22 feet. Forty-

seven per cent were oriented vertically and 44% were

oriented from 5° to 85° to the left of the vertical.

The asymmetrical periwinkle shell and its hydrodynamic

Figures 3 a and 3 b

Top View of the Final Orientation of Littorina planaxis Shell

in a Water Current. The current is greater in a than in b. The
arrows indicate the direction of the current.

properties are of importance in influencing the behavior

of the snails. Two types of experiments were attempted in

order to determine the physical effects of water currents on

the shell alone. In the first, a withdrawn Littorina plan-

axis was repeatedly placed in a current at various angles

from the currential axis. Regardless of the initial orienta-

tion, the forces oriented the shell negatively. Directly

depending upon the current rate, an angle from 75° to

30° to the left of the current axis was formed (Figures

3 a and 3 b). In the second experiment, unoccupied shells

of 14 mm height were mounted on small rods attached

at various positions in the area which the extended foot

would normally occupy. If the attachment was in the

anterior region, as would be the case when the foot first

protrudes, the shell oriented directly into the current. If

the attachment was more posterior, which would cor-

respond to the center of the attachment forces of a fully

extended foot, the shell oriented to the left, exposing its

right side (Figures 4a and 4b). Thus, it would be easier

Y Y

Figures 4 a and 4 b

Top View of the Final Orientation of an Unoccupied

Littorina planaxis Shell Supported by a Wire Rod in a Water

Current. Dotted circles indicate the points of attachment. The cross-

hatched areas represent the area which the extended foot of an

occupied shell would cover.

for a L. planaxis to make a left turn when either the tail or

right side of its shell were facing the current ; and easier for

a right turn to be made when the left side was perpendicu-

lar to the current because these are the same directions in

which the shell alone is forced by water currents. Perhaps

the physical properties of the shell have conditioned

L. planaxis to counter-clockwise movement.

GEOTAXIS versus RHEOTAXIS
Tests which were allowed to continue overnight on 50

snails, and tests, which lasted for one hour, on 24 snails

indicated that a negative geotaxis dominates the positive

rheotaxis. This holds for angles of 8°, 10°, 15°, 30°, 45°,

and 90° from the horizontal with a current of 25cm/sec.

The rates of movement suggest that it might be more

difficult for the snail to exhibit a negative geotaxis when
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traveling with the current. This is to be expected when
one recalls the fact that the snails were easier to dislodge

when currents were directed at the posterior end of the

shell. Thus, the snail probably has to put more energy

into its efforts to remain attached to the surface.

PHOTOTAXIS versus RHEOTAXIS
Tests on 20 snails in tubes of still water suggest that

Littorina planaxis is positively phototactic when com-

pletely submerged, in an inverted position, and in a

light gradient. It often takes several hours to elicit a total

response in the population. Nevertheless, a current of

5 cm/sec drew 30% of the population away from the

lighted end in 45 minutes and 70% of the population in

three hours.

General illumination seemed to have no appreciable

effect on the experiments, although changes in intensity

initially evoked a tentacle withdrawing response.

DISCUSSION
Like Nerita japonica Dunker, 1859

1

,
Tegula funebralis

(A. Adams, 1855

)

2

, and others. Littorina planaxis appears

to be positively rheotactic. Unlike T. funebralis, this

response does not seem to change in time. In addition to

the physiological advantages of having the mantle cavity

receive the maximum current, which would result from

counter-clockwise movement and a positive rheotaxis,

perhaps there is a selective value in a positive rheotaxis

due to the physical nature of breaking waves and their

withdrawing currents.

Studies so far suggest that Littorina planaxis would

respond to a combination of taxes as Littorina neritoides

Linnaeus, 1758 3
does.

Similar rheotactic and geotactic experiments begun

on Littorina scutulata (Gould, 1849) failed to reveal

any differences in responses.
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The Radulae of Tegula Species

from the West Coast of North America

and Suggested Intrageneric Relationships

BY

HARRY K. FRITCHMAN, II

Boise Junior College, Boise, Idaho

(10 Text figures)

The radulae of ten species of Tegula from the Pacific

Coast of the United States and Mexico have been exam-

ined in an effort to determine intra-generic relationships.

These specimens were kindly arranged for or provided

by Dr. Rudolf Stohler. They were collected from Central

and Southern California and from Northern Baja Cali-

fornia, Mexico, the localities and numbers of specimens

that were studied from each area being shown in Table 1.

Table 1

Tegula aureotincta (Forbes, 1852)

Point Loma, San Diego County 6

Tegula brunnea (Philippi, 1848)

Horseshoe Cove, Sonoma County 6

Tegula eiseni Jordan, 1936

San Diego, San Diego County 6

Tegula funebralis (A. Adams, 1854)

Bodega Head, Sonoma County 6

Tegula gallina (Forbes, 1850)

La Jolla, San Diego County 3

Tegula mariana (Dall, 1919)

6 mi. S. of Puertocitos, Baja California, Mexico 5

Tegula montereyi (Kiener, 1850)

Carmel, Monterey County 3

Tegula pulligo (Gmelin, 1790)

Horseshoe Cove, Sonoma County 6

Tegula regina (Stearns, 1892)

Catalina Island, California 5

Tegula rugosa (A. Adams, 1853)

San Felipe, Baja California, Mexico 6

MATERIALS and METHODS

The radulae were prepared by the procedure described

by Fritchman, 1960. The snail is removed, the shell

being cracked if necessary, and the body dissolved in 10%
NaOH. The radula is stained in acetocarmine and moun-

ted in Euparal. The radula is not easily arranged since

it is broad and the margins tend to curl under and resist

being flattened. This restricts detailed study to the central

region. Because the ends of the ribbon are either worn

or in the process of being formed, only the central half,

in a longitudinal sense, was examined.

RESULTS

The radula of Tegula funebralis is described and figured

by Thiele in Troschel, 1866- 1893 (vol. 2, p. 234;

pit. 23, fig. 15) as Omphalius (Chlorostoma) funebralis

Adams. This description fits, in a general way, all of the

ten species examined. There is a single, unomamented
central tooth flanked by five lateral teeth with heavy

blades which bear two to four minor teeth in the region

between the blade and the stem. Of these the fifth

lateral is seen from the side and resembles a bird's beak.

Following the laterals is a long series of marginal teeth,

up to 145 being counted in T. eiseni, many of which can

not be studied because of the curled under edge of the

ribbon. These teeth have serrated edges and do not possess

the large triangular blades of the laterals. The serration

may be present and obvious on number one tooth, the

most medial, or may not become evident until farther

along in the row. The first teeth may not be completely

serrated, the serration progressing toward the tip on sub-

sequent teeth. Finally, the medial marginals may have

pointed tips which become rounded or squarish in teeth

more lateral in the row. These features are summarized in

Table 2. The length/width ratio of the central tooth was

determined by measuring ten teeth from the central

portion of each of three radulae. A representative section

from a radula of each species is shown in the accompa-

nying text figures.
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DISCUSSION
The intra-generic and intra-specific stability of the Tegula

radula, in-so-far as examined, is great and this, to an

extent, compensates for the small number of specimens

studied. The following intra-generic relationships are sug-

gested.

Tegula gallina (Figure 1) stands by itself relative to

the length/width ratio of the central tooth. The low value

Figure 1:

Radula of Tegula gallina (Forbes, 1850)

of 46 % immediately identifies this radula among the

other nine. The blades on the lateral teeth are sharply

pointed and proportionately more massive than those of

the other species. Number one marginal is serrated from

the base to the middle but this fades away to reappear

on tooth six or seven. Although the length/width ratio

of T. funebralis (Figure 2) is much greater and its lateral

Figure 2:

Radula of Tegula funebralis (A. Adams, 1854)

tooth blades are somewhat less massive, in overall con-

figuration these two radulae seem to be similar and the

species possibly related.

Tegula eiseni and T. mariana (Figures 3, 4) are appa-

rently closely related based upon the proportions of the

Figure 3:

Radula of Tegula mariana (Dall, 1919)

Figure 4:

Radula of Tegula eiseni Jordan, 1936

central teeth, the obtuse tips of the laterals and rounded

ends of the marginals. Tegula regina (Figure 5) shares

these features but differs slightly since it bears serrations

Figure 5:

Radula of Tegula rugosa (A. Adams, 1853)

on the first marginal. Tegula rugosa (Figure 6) differs

from the other three species in possessing pointed medial

marginal teeth, although the more lateral marginals are

rounded.

Tegula aureotincta, T. brunnea, T. pulligo and T. monte-

reyi (Figures 7-10) all have proportionately smaller,

pointed lateral teeth. The serrations on the marginals

begin in midblade of number one and progress uniformly

to the tips of subsequent teeth in the row. The first few
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Figure 6:

Radula of Tegula regina (Stearns, 1892)

Figure 7:

Radula of Tegula aureotincta (Forbes, 1852)

Figure 8:

Radula of Tegula brunnea (Philippi, 1848)

marginals always have pointed tips, a feature that tends

to separate these species from those of group two. Of these

four species, T montereyi appears to be the most variable,

particularly so in the central tooth proportions and the

marginal serrations.

Figure 9:

Radula of Tegula pulligo (Gmelin, 1790)

Figure 10:

Radula of Tegula montereyi (Kiener, 1850)

CONCLUSIONS and SUMMARY

The radulae of ten species of Tegula from California and

Baja California have been examined for intra-generic

relationships. Three groups of species are suggested as

follows

:

Group one containing Tegula gallina and T. funebralis.

Group two containing Tegula mariana and T. eiseni, evi-

dently closely related, and T. rugosa and T. regina less so.

Group three containing Tegula aureotincta, T. brunnea,

T. pulligo and T. montereyi.
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Table 2

Radular

character

Tegula

gallina

Tegula

funebralis

Tegula

eiseni

Tegula

mariana

Tegula

regina

Tegula

rugosa

Tegula

aureotincta

Tegula Tegula

brunnea pulligo

Tegula

montereyi

Central

tooth
45.6 54.3 55.5 55.5 64.5 59 69.5 58.5 64 60

length %
width

(42-52) (47-63.5) (50-58) (55-56) (63-66) (55-64) (66.6-73.4)(56.5-61) (54-73) (55-77)

range 1U
ICC Qo i 5 y 6.8 4.5 19

no

Lateral

teeth

pointed

massive

pointed obtuse obtuse obtuse obtuse pointed pointed pointed pointed

Marginal

teeth

point of con-

version of tip

from pointed

to round

5-7 all

round

all

round

allall

round

4-7 5-7 3-6 1-4 5-7

Marginal

teeth

serrations

begin

1

fade until

6-9

middle of

1

fade until

6

base of

3-4

fade until

8-9

base of

5

base of

1

fade until

14-18

base of

11-12

middle of

1

middle of middle of variable

1 1 usually

or base of

below 1

Marginal

teeth

serrations

complete

10-11 8-10 12-13 8-10 21-25 13-14 7-8 8-10 7-8 15

Observations on the Growth of Cypraea spadicea

BY

STEPHEN D. DARLING

Department of Chemistry

University of Southern California, Los Angeles, California 90007

A recent note in the literature by Benton (1964)

prompted a report at this time on some observations

which have been made on the local cowrie found along

the shores of Los Angeles County.

Several juvenile specimens were collected at low tide

on May 16. 1964. In the area at that time were over 200

adult animals as well, hidden in cavities in the rock above

the water line and covered with eel grass. During this

same period, underwater observations (Dr. R. C. Fay,

personal communication) indicated large numbers of the

juveniles in deeper water. A specimen was placed in a

newly established four-gallon all-glass tank, outfitted with

efficient aeration and under-the-sand filtration, and several

rock formations were placed in the tank to provide refuge.

Other inhabitants in the tank consisted of two adult

Cypraea spadicea Swainson, 1823 (33 mm and 55 mm in

length and collected along with the juveniles
) , three cling-

fish, Sicyogaster meandrica, a sea horse (identification

unknown, approximately 90 mm from the base of the

tail to the top of the head)
,
eight to ten Conus californicus

Hinds, 1844 (20 mm long), numerous small limpets and

other forms brought in on the rocks.

The subject when first caught was 30 mm in length with

no trace of adult coloration, but had the usual banded

shell and spire. Its mantle was a smoky orange-brown

with black polka-dots. Although the young Cypraea spa-
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dicea was very active, consuming an approximately one

gram slice of frozen shrimp every other day, obvious

growth did not begin until after two weeks. The adult C.

spadicea did not eat at first but remained fixed near the

surface of the tank in the air stream. They soon became as

voracious as the young one, responding immediately to

food placed in the tank and resting mostly in the lower

portion of the tank among the rocks.

At the end of five weeks the shell of the juvenile was

now 40 mm and a chocolate coloring was beginning

about 4 mm from the edge; it was about 10 mm wide.

The edge was quite thin and came to a sharp edge. During

the growing period the mantle was observed to be drawn
over the shell at all times and was not withdrawn, when
the animal was handled gently. The sixth week the shell

was 43 mm long and the color was darker. The turn over

was complete and the labial edge was pointed towards

the columellar edge; it was very thin, sharp, white, and
transparent. No teeth were present on the labial edge,

but very small smooth ripple-like teeth were noted on the

columellar edge. A measurement of the girth indicated

that an increase in growth of 42 mm occurred since the

animal had been caught.

At the end of the seventh week the transparent labial

edge was now opaque and white, and small teeth were
visible along the edge which had become much thicker.

The teeth on the columellar edge were large, being almost

those of an adult. These teeth were deposited just about on

the line where growth started after the animal had been

collected. Some of the original banding was visible inside

the shell but most of the dorsal side was a deep brown
color. The length was now 44 mm. By the end of the

eighth week the shell had thickened and all of the teeth

were present on both edges. The final count of teeth was

:

labial -23; columellar - 2 1 (as compared with the adult

specimens in the tank, which had for the 55 mm shell:

labial -26, columellar - 22 ; and labial -20, columellar

- 19 for the 33 mm shell). At this date (March 1965)

the animal is still active, with normal coloration and has

stabilized at a length of 45 mm. None of the adult speci-

mens was observed to grow during this period. The

temperature range noted during the growth period was

74° to 76° F.

Although the colony of adult Cypraea spadicea in the

field remained active and large throughout May and June,

no other juveniles were collected. During August most of

the adult population disappeared, presumably to deeper

waters. In November some of the colony returned and

another juvenile was collected. This one was in the process

of turning and was already brown in color. An adult

was also collected and the two animals were placed in a

thirty gallon tank similar to the smaller one, except

made of plywood covered with fiberglass. It also contained

a small (40 mm) fish. The fish continually pecked at the

cowrie mantles causing them to be withdrawn. The juve-

nile soon weakened and although it was transferred to

the smaller tank, it succumbed. The adult remained in

the large tank but the shell soon showed signs of deterior-

ation, presumably because the mantle was kept withdrawn.

The animal was transferred to the smaller tank whereupon

the mantle was again extended and eating actively re-

sumed. The shell shows some signs of rejuvenation.

SUMMARY
It appears that once the Cypraea spadicea reaches adult-

hood growth is very slow, if it continues at all, and may-

be confined to merely maintenance of the shell at its

present size. These observations of growth correspond

well to the classifications proposed by Schilder (1938).
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Preliminary Observations of the Inking Behavior of

Aplysia (Varria)

BY

ETHEL TOBACH, PETER GOLD and AMY ZIEGLER

Department of Animal Behavior and Lerner Marine Laboratory

of

The American Museum of Natural History
1

New York, New York 10024

As one step in the understanding of the phyletic develop-

ment of emotional behavior, we have been investigating

the responses of some invertebrates to noxious stimulation.

The gastropod (opisthobranch) Aplysia will ink when

handled roughly, when disturbed during copulation or

when the mantle skirt is lifted, according to the literature

(Eales, 1921). Others have said that after some experi-

ence, it is possible to always pick up, or "handle" the

animal without causing it to ink. As "handling" seems to

play some role in the elicitation of what is known as

"emotional" behavior in rodents, we thought it would be

interesting to study the response of Aplysia to handling.

What are the stimuli which are most reliably followed by

inking?

Two species were observed: 50 Aplysia (Varria) dacty-

lomela Rang, 1828 and 3 Aplysia (Varria) brasiliana

Rang, 1828 or Aplysia ftoridensis (Pilsbry, 1895).

Observations were made at low tide in the bay area

adjoining the Lerner Marine Laboratory in Bimini, The
Bahamas. Data were also gathered on animals in individ-

ual aquaria (8"xl2"x6") and large pens (3'x6'x2'), all

equipped with drainage systems which permitted an effi-

cient water circulation. Bay vegetation was provided to all

animals as food.

The animals were manipulated by human hand in a

standard fashion. The palm was placed over the visceral

hump, parapodia and rear foot, the thumb and forefinger

placed to the left and right of the head region, the

remaining fingers curved under the foot of the animal.

Between the manipulation of any two animals, the experi-

menters washed their hands and equipment. We will refer

1 This project was supported by Office of Naval Research Contract

Nonr 552(07), NR 104-511, and by Career Development
Award 1-K3-MH-21, 867-01 by the National Institute of

Mental Health.

to this as "standard handling." Another form of mechan-

ical stimulation was a series of sharp punches delivered

in a consistent manner with a stick.

To identify individual animals, we found that a safety

pin could be inserted through the parapodia with coded,

colored time-tape attached to the pin. The pricking of the

skin with the pin was followed frequently by inking, and

so this was adopted as a standard form of intense stimu-

lation. The punches and skin prick were termed "intense"

stimulation.

In addition, electrical stimulation; drugs such as epi-

nephrine, acetylcholine, prostygmine and urethane (see

Table 1 ) ; and exposure to spiny sea-urchins, porcupine

fish, various crabs, octopus, brittle stars and starfish were

used to elicit inking. None of these were reliable.

Table 1

Inking Response to Various Drugs

Concentration Number Animals

Drugs by volume subjects inking

Epinephrine

Experiment no. 1 10% 12 1

Experiment no. 2 10% 12 2

Acetylcholine .004% 7

Prostygmine .002% 6

Urethane 1% 9 3

Therefore the report we are making refers primarily to

standard "handling" and "intense" stimulation as defined.

During collections in the field, intensely stimulated

animals were more likely to ink than animals which were

only handled (see Table 2).
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Table 2

A. Inking Response to Two Types of Stimulation

in the Field

(number of animals)

Intensely

Inking

Non-inking

stimulated

14

4

Handled

8

13

X
2
test: "p" = .02

B. Relationship Between Inking in the Field

and Inking upon First Manipulation in the Laboratory

(number of animals)

Inking in Field

No '

Yes

Inking in Laboratory

Yes 6 6

No 14 13

McNemar test of change: "p" = .05

An analysis of field versus first laboratory inking showed
that if an animal inked in the field it was not likely to

ink when put into the pen or aquarium, upon arrival in

the laboratory. But an analysis of the concomitance
between field and inking in the laboratory at any time was
not significant ("p" = .50).

We then began an inquiry into the factors which were
concomitant with lack of inking. Why could we not uni-

formly elicit the inking response? Stimulation or handling

in or out of water made no difference. An analysis of the

time of day at which inking took place, revealed no trend.

Neither was the interval between stimulations significant.

However, when the data were organized in regard to the

animal's being alone or with other species-mates immedi-
ately prior to stimulation, a relationship appeared which
had not been clear before.

We found that when the animals were solitary in the

field, inking was not differentially elicited by handling or

increased stimulation. However, if they were in pairs, or

larger groups, more intense stimulation would more reli-

ably elicit inking than standard handling. Some aspects of

the group situation seemed to be related to the inking

response (see Table 3)

.

We then conducted an experiment in the laboratory

with four groups of animals maintained as follows

:

no. of

Group from to to subjects

A. group pen indiv. aquar. group pen 7

B. indiv. aquar. group pen indiv. aquar. 7

C. group pen group pen group pen 11

D. indiv. aquar. indiv. aquar. indiv. aquar. 14

Table 3

Relation Between Inking and Grouping in the Field

(number of animals)

A. Animals which were not in groups ("solitary")

Inking Non-Inking

Intensely stimulated 9 4

Handled 5 8

Fisher's exact probability test: "p" not significant

B. Animals in pairs or groups ( "grouped"

)

Inking Non-Inking

Intensely stimulated 5

Handled 3 5

Fisher's exact probability test :
"p" = .05

Each animal was stuck with a pin upon being trans-

ferred. Our analysis first showed that the sequence of

experimental maintenance (comparing groups A and B)

made no difference. Combining these two groups, we
found that if an animal had been in a group it was more

likely to ink than if it had been alone. Groups C and D
showed no change in likelihood of inking (see Table 4)

.

Table 4

Relationship Between Grouping and Inking in Laboratory

(number of animals)

A. Groups A and B combined

Pen to Aquarium

Non-Inking Inking

Aquarium to pen Inking

Non-Inking

McNemar test of change: .008

Second transfer from

pen to pen

B. Group C
First transfer from pen to pen

Non-Inking Inking

Inking 3 2

Non-Inking 4 2

C. Group D
First transfer from

aquarium to aquarium

Non-Inking Inking

Second transfer from Inking 3

aquarium to aquarium Non-Inking 7

We then turned our attention to group behavior. These

animals are hermaphroditic, protandrous, and non-self-

fertilizing (Barnes, 1963; Fisher, 1870; Marcus &



Page 18 THE VELIGER Vol. 8; No. 1

Marcus, 1955; Marcus & Marcus, 1957; Morton,

1958; Robert, 1890; Si, 1931 ) . During fertile copulations,

as well as non-fertile copulations, one animal inserts the

"penis" into the common genital aperture. The animal

inserting the "penis" will be referred to as the "male."

The receptive animal will be called the "female." The

words "male" and "female" refer to posture and behavior,

not to reproductive function. Most of the animals laid

eggs while in the laboratory. In addition, only one animal

out of 53 never showed copulatory behavior. Common,
simple pairing of two animals, was seen as well as chains

of three and four animals. In two instances reciprocal

copulation of two animals, and in one instance reciprocal

copulation of three animals also was noted. Although

many of the animals assumed both the "male" and

"female" role, as well as a simultaneous male and female

position, there were indications that some animals tended

to be dominantly male or female in behavior. In addition,

some animals tended to pair predominantly with only

certain other animals, as shown by a series of tests for

copulatory behavior as well as data of animals in pens.

There was no relationship between size of animal and
copulatory role, although one very active "male" was

among the smallest animals in the sample.

Although no relationship was found in the laboratory

between level of copulatory behavior or role and inking,

the report by Eales ( 1921 ) and our finding that grouped

animals in the field are more likelv to ink when intensely

stimulated seem to indicate the possibility of a relationship

between reproductive behavior, grouping and inking.

Some of the processes which could be involved in

this relationship are first, facilitation fin the Sherring-

tonian sense) of ganglionic activity brought about by the

activation of pathways as a result of tactile and chemical
stimulation during coupling and chaining. The pedal,

parietal and visceral ganglia innervate the implicated

organs: parapodia, the purple and opaline glands in the

paJlial cavity, the common genital aperture into which
the copulatory organ is inserted, as well as the genital

tract.

Second, the stimulation of intensive interindividual

contact or experimental disturbance of groups of animals
may activate the opaline gland. This secretion is said to

be toxic and may be irritating when in sufficient quantity.

This in turn may lower the threshold of the ink gland.

An artifactual, laboratory "crowding" effect does not seem

to be likely in view of the field data.

Another hypothesis to be considered is that the release

of the ink may be more related to intensity of stimulation

facilitated by interindividual activity and reproductive

state than to adaptive mechanisms involved in predator-

prey relationships.
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Concerning Williamia peltoides (Carpenter)
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(3 Text figures)

In the Mazatlan Catalog, Carpenter (1857 a, p. 202,

in the portion dated April 1856) referred to one of the

specimens as follows:

"262. NACELLA, . sp. ind.

Tablet 944 contains a solitary specimen of a Nacella, of

the shape and size of Ancylus fluviatilis, with the apex

spirally recurved, and of a dark horny colour. It is not

perfect enough for description.

Hab. - Mazatlan; off Chama, 1 sp.; L'pool Col."

The material in Carpenter ( 1857 a) was then included

in a subsequent report by Carpenter ( 1857 b)

.

Somewhat later Carpenter (1864 a, p. 474; reprinted

in Carpenter, 1872, p. 213) described a new species,

the habitat of which was Cape San Lucas, as implied

by the title of the paper:

"15. Nacella peltoides.

N. testa parva, laevi, cornea, subdiaphana, ancyliformi,

apice elevato, valde inaequilaterali, strigis pallidae castan-

eis radiata; intus nitidissima, subaurantia. Long. .14, lat.

.11, alt. .05 poll.

= Nacella, sp. ind., Maz. Cat. no. 262, p. 202."

Shortly thereafter Carpenter (1864b; reprinted in

Carpenter, 1872) published "corrections and additions"

to a previous report of his (1857) on the Mazatlan shells.

Pertaining to no. 262, we find (p. 545; p. 21 in the

reprint)

:

"262. = Nacella peltoides, n. s. (described from Cape
St. Lucas specimens)

."

Moreover, a bit further on (pp. 616 - 618; pp. 102-104
in the reprint) Carpenter lists the new forms collected

by Mr. J. Xantus at Cape St. Lucas, remarks that Mr.
Xantus "generously presented the first series of molluscs

to the Smithsonian Museum," and states that "the new
species are described in the 'Annals and Magazine of Nat.

Hist., 1864' [i. e., Carpenter, 1864a]." Included in the

list is:

1 Contribution No. 268.

"Nacella peltoides, = Nacella, sp. ind., Maz. Cat., no.

262"

It is clear from the foregoing that: 1) the description

by Carpenter of Nacella peltoides was based on speci-

mens collected from Cape San Lucas; 2) the typical

dimensions are: long. 3.6 mm, lat. 2.8 mm, alt. 1.3 mm
(as obtained from the dimensions given in inches by

Carpenter) ; and 3) the type (or cotypes) is in the

Smithsonian Museum.

Dall (1870) then described and figured (pit. 4, figs.

11a, b) a species from specimens from Monterey which

he said he had first called Nacella? vernalis in manuscript

(in 1866), but which he now considered to be identical

with Nacella peltoides Carpenter. Dall assigned this

species to the genus Siphonaria. The dimensions given

are (from inches) : long. 12.2 mm, lat. 9.1 mm, alt. 5.8

mm. It should be noted that while the dimensions given

by Dall average 3.7 times larger than those given by

Carpenter, the ratios long. : lat. : alt. are quite similar

;

1 : 0.79 : 0.4 (Carpenter) and 1 : 0.75 : 0.48 (Dall).

A tracing of the outlines of Dall's figures is given in

Figure 1.

O o
Figure 1:

Outline traced from Dall's figures (1870) of Nacella peltoides,

later separated by him as Williamia vernalis.

Length of shell 12.2 mm.

Somewhat later Dall (1878) removed this same

species to the genus Liriola, with the Monterey shells
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classified as Liriola peltoides var. vernalis. (Liriola was

described as a "section" of Siphonaria by Dall (1870, p.

32).)

Considerably later, on the other hand, Dall (1921,

p. 67 ) listed Williamia vernalis and W peltoides as distinct

species, referencing the former to Dall (1870) and the

latter to Carpenter (1864a). In the "Explanation of

Plates" (p. 216) Dall gave:

"Williamia peltoides Carpenter, type, long. 10 mm"

referring to fig. 10, pit. 15, and

"Williamia peltoides Carpenter, type, alt. 6.5 mm"

referring to fig. 12, pit. 15.

We note first that the specimen figured by Dall cannot

possibly be the type, because dimensions given by him
are many times the typical, and we note second that it

almost certainly is not even an example of W. peltoides,

because it lacks the radial markings of that species but

shows instead strong concentric markings. Furthermore,

the length : altitude ratio of Dall, 1 : 0.65, is much
larger than that of 1 : 0.36 (0.14 : 0.05) of Carpenter.
Because Dall's figures have been the cause of subsequent

confusion, they are reproduced in Figure 2.

Figures stated by Dall (1921) to be Williamia peltoides.

Length of shell 10 mm.

Oldroyd (1927, p. 58) republished the description of

Carpenter (1864a) but erroneously gave "No. 263, p.

203" for the Mazatlan Catalog reference, instead of the

correct numbers 262 and 202, respectively, stated that the

type was in the Liverpool Collection
2

, and reproduced

(pit. 2, fig. 17) the dubious Fig. 12 of Dall. Following

Dall, she considered W. vernalis a species distinct from

2 A referee has suggested that the citation by Oldroyd of "Liver-

pool Collection" is not as much of a lapsus as appears at first sight,

because throughout the "Mazatlan Catalogue" Carpenter referred

to what is now called the Mazatlan Collection, and which is now
housed in the British Museum, as the Liverpool Collection, and that

a possible explanation for this is that the collection was first put on

sale at the Liverpool Docks, where Carpenter purchased the bulk

of it.

W. peltoides and reprinted the description and figures

1 1 a and 1 1 b, pit. 5, of Dall (1870)

.

Grant & Gale (1931) included Williamia vernalis in

the synonymy of W. peltoides: "Dall's later attempt to

assign Carpenter's specific name to the much rarer form

with the elevated, somewhat dilated summit and down-

curved apex, appears contrary to the facts and must be

rejected. ... It seems probable that there is but one

species ..." Grant & Gale did not reproduce either

of Dall's dubious figures; they did, however, cite them,

among others, as pertaining to W. peltoides. They also

followed Oldroyd in stating that the type was in the

Liverpool Collection. In view of the fact, pointed out

above, that the dimensions of W. peltoides as given by

Carpenter (1864a) closely resemble those of W. vernalis

as given by Dall (1870), the characterization by Grant
& Gale of W. peltoides as having an elevated summit is

quite incomprehensible, especially since the height of W.

peltoides is seen to be relatively less (though probably

not significantly so ) than that of W. vernalis.

Bi rch (1945) pointed out that while Grant & Gale

had placed Williamia vernalis in the synonymy of W.

peltoides, he further stated that "it is true the two forms

are very close but in our experience the two forms are

not taken together which would indicate that they are at

least sub-specifically distinct." On the other hand, Burch
included a personal communication from A. M. Strong

as follows: "I believe that Williamia vernalis Dall is a

good variety of Williamia peltoides living under quite

different conditions."

In the key of Keen & Pearson (1952), Dall's figs.

10 and 12 are reproduced as representative of the West

Coast species of Williamia. Because it seems likely that

W. peltoides is the sole representative of the genus in that

province, with W. vernalis as at most a subspecies if

not a mere form or variety, the use of Dall's figures was

unfortunate. It should also be pointed out that the key

of Keen & Pearson contains a flaw in that the genus

Williamia is keyed as having the "margin of the shell

channeled by a radial groove," whereas, in fact, according

to Oldroyd (1927), in Williamia the "siphonal groove is

not visible from the outside, without emargination," and,

according to Dall (1870), in Siphonaria peltoides, "the

siphonal groove is not visible from the outside, nor does

it cause any extension or emargination of the edge of

the shell."

Palmer's (1958) analysis of the situation led to the

conclusion that the type was not, contrary to Oldroyd as

well as to Grant & Gale, in the Liverpool Museum, but

rather in the U. S. National Museum. She further stated,

regarding the Carpenter types in the latter museum,

that "one cannot believe that those were the shells which

Dall illustrated." The two shells in the U. S. National
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Museum, with labels in Carpenter's handwriting, meas-

ure, according to Palmer, length 4 mm, diameter 3 mm,
and length 1.5 mm, diameter 1 + mm, respectively, and,

because the dimensions of the former (No. 4023) approxi-

mated those given by Carpenter ( 1864a) , she designated

it as the lectotype, with the latter becoming a paratype.

The illustration of the lectotype was stated to be reserved

for a later report. Two additional paratypes were stated

to be in the Redpath Museum (McGill University,

Toronto, Ontario) ; the larger of these (No. 1156), with

length 4 mm. diameter 3.5 mm, and height 2 mm was

figured in plate 25, figs. 15 and 16. Measurement of the

figures gives the values length : diameter : height = 1 :

0.86 : 0.39. A tracing showing the outlines only of these

figures is given in Figure 3. The later report of Palmer

Figure 3:

Outline traced from Palmer's figures (1958) of a paratype of

Williamia peltoides. Length of shell 4 mm.

(1963) does not, unfortunately, include a figure of the

type.

The standard reference work on tropical West American

shells by Keen (1958) includes the dimensions for Willi-

amia peltoides given by Dall ( 1921 )
together with repro-

ductions of his figures.

Finally, in the most recent standard work on Pacific

North American mollusca (Keen, 1963), the ubiquitous

figures of Dall ( 1921 )
again appear for genus Williamia.

CONCLUSION
The reproduction in reference works of Dall's figures

which purport to illustrate Williamia peltoides is under-

standable, inasmuch as the paper of Dall (1921) is

generally considered a standard source (its awkward
arrangement notwithstanding)

; nevertheless, in view of

the facts set forth above it seems likely that Dall's figures

do not pertain to that species. Just what Dall was illus-

trating we hesitate to guess. In any case, Palmer's figures

of a paratype, and Dall's (1870) figures of the variety

W. peltoides vernalis, together with their reprinting in

Oldroyd, are available, and should be used by those

studying this species.
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Size Ranges in Cypraea
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In two recent papers the Schilders (1961, 1964) have

tabulated size ranges observed in the species of Cypraea

(s. 1.). In the first of these (Schilder, 1961) the limits

of length pertaining to 90% of the shells measured were

given - the data concerning the smallest 5% and the

largest 5% were excluded. Schilder remarked that the

Kmits of size based on the 90% figure hardly change

when the number of specimens examined becomes much
increased and that the 5% minute and 5% giant shells

are "unusual extremes in size"; for those cases where the

number of available specimens was very small (e.g. C.

rosselli, C. marginata, C. martini, C. leucodon, etc.) the

ranges were given parenthetically, since for these the num-
ber of samples was too small to be significant statistically.

In the second paper (Schilder & Schilder, 1964) the

known extrema were tabulated.

Because a graphical representation of numerical tables

is sometimes easier to comprehend, the data in these two

papers have been used to prepare a figure which depicts

the size ranges in species of Cypraea. In Figure 1 the size

range for each species is plotted, in order of increasing

average size. The averages were taken as the mean of the

limits given by Schilder ( 1961 ) . The ranges in that paper

1 Contribution No. 269.

are shown as thick lines, and the extrema given in

Schilder & Schilder ( 1964) are shown as thin lines. The
species included

2
are those listed in Schilder (1961),

with the following exceptions: leviathan is included in

carneola, reticulifera (occidentalis) in bicolor, declivis

in angustata, comptonii in piperita, and raysummersi in

hammondae ; furthermore luchuana and katsuae, both of

which are not in Schilder (1961), are included. In the

case of those species for which but a few specimens have

been measured only a thin line is given in Figure 1. It is

interesting to note that while the average size ranges from

6mm to 107 mm the transition is a smooth one with no
obvious gaps or discontinuities.
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The Cowrie Fauna of Thailand
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(1 Map)

The littoral fauna of Thailand belongs zoogeograph-

ically to two different regions: the west coast of the

isthmus connecting the Malay Peninsula with the main-

land of Asia belongs, according to Schilder, 1965, to

the Sumatran region of the Indian province, while the

east coast and the entire Gulf of Thailand (formerly

Siam) belongs to the Malayan region of the Pacific

province. The western littoral of Thailand is the southern

half of the area SUM 14t which ranges from Burma to

Penang (the latter excluded), while the eastern littoral

makes almost the entire area MAL 48g, the south eastern

limit of which is the line between Kota Bharu and Cape
Cambodia, thus excluding South Vietnam and Pulo

Condor (contrary to Schilder, 1965, p. 175).

Both areas of Thailand were practically unknown with

regard to their cowrie faunas up to the present. Concerning

the west coast, Martens, 1883, enumerated five species

collected at Salanga Island (now called Puket Island)
;

the same author published in 1887 a list of fourteen species

of cowries collected by J. Anderson in the Mergui Archi-

pelago (part of the Burmese province Tenasserim), to

which list Vredenburg (1919) added some additional

remarks. Concerning the Gulf of Thailand, Morlet, 1889,

enumerated 17 cowries from the "lies du Golfe de Siam",

which have been repeated by Fischer (1891), whereas

the lists of cowries from Pulo Condor, published by
Mabille & Le Mesle (1866), Rochebrune (1882),

Fischer (1891), and Dautzenberg & Fischer (1906)

concern the adjacent area MAL 48v (see above).

Later on, still very few cowrie specimens have been

collected on the two coasts of Thailand and placed in

public and private collections until in 1964 three native

collectors in Thailand, living at Ranong (50 miles south

of Kra
) , on Puket Island, and in Bangkok have sent me

almost one thousand cowries collected both on the west

coast (off Ranong and chiefly at Puket Island) and in the

northernmost part of the Gulf of Thailand (chiefly near

Rayong) in January and November 1964. Thanks to this

eager unselfish collecting of cowrie specimens our know-

ledge of the cowrie fauna of Thailand has become far

less incomplete than before, and the list given by the

writer (Schilder, 1965) needs several emendations.

Therefore the publication of a review on the present

status of our knowledge of Thailand cowries seems to be

justified.

REVIEW OF THE COWRIE FAUNA

The following list consists of five columns:

The center column indicates the cowrie species sus-

pected, at least, to live in the coasts of Thailand; several

footnotes refer to explanatory paragraphs which follow

the list.

The two adjacent columns indicate the number of

specimens collected in 1964 by the three natives; the

sub-columns designate in the

West: R= Ko Chang (Ko means Island) west of Ranong
near the border of Burma (Tenasserim) ; live speci-

mens;

Pf = west coast of Puket Island (often spelled Phuket.

Pukhet, Phoket, Bhoket, etc., = Salang Island),
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chiefly in its southern part west of the village Kata:

fresh live shells taken on rocks and reefs;

Pw = west coast of Puket Island, west of Kata: a bag

with worn cowries collected by a native on the beach

;

K = Ko Raja Yai (= Great Raja Island) about 15

miles south of Puket Island: live specimens;

East: B = Ban Pe (Ban = village) in the province Ray-

ong about 80 miles south-south-east of Bangkok:

worn shells collected on the beach of Ban Pe (about

12 miles east of Rayong) ; as well in the south west

of the village as in the east towards Ban Klaeng Lang
the distance between the two similar beaches is

about 4 miles)
;

L — Laem Sing in the province Chantaburi (50 miles

east of Ban Pe) : beach shells.

The two outer columns indicate previous records from

these areas in papers and collections, as well as from

adjacent areas the presence in which makes the occurrence

in Thailand possible. The letters refer to the following

regions and areas according to Schilder (1965, pp. 174

and 175)

:

West - SUMatran region 14

a= Andaman Islands, Nicobar Islands

t
a = Tenasserim, Mergui Archipelago

t" = coast of Thailand along the Andaman Sea

m = Malacca Strait from Penang Island to Medan
East = MALayan region 48

s = Singapore, South West Borneo, Belitong

g= Gulf of Thailand (Siam) - see above

v
7 = S. W Vietnam: S. Cochinchina, Pulo Condor

v
3 = N. E. Vietnam: Annam, Tonkin, Paracel Isl.

b = Natuna Island, North coast of Borneo, Tizard

Reefs

These letters put in subcolumns refer to previous find-

ings; an asterisk (*) indicates first records in the collec-

tions of 1964; a colon (:) indicates the possibility of

occurrence which is not yet proved, while a hyphen (-)

signifies that the occurrence seems impossible; foreign

species and incorrect indications of habitat have been put

in parentheses.

Table 1

THE COWRIES OF THAILAND AND ADJACENT AREAS

14 1964 1964 48

a r f m R Pf Pw K name of the cowrie species B L s g v7

v
3

b

a (m)

(m)

Mauritia mappa (Linnaeus)

Mauritia eglantina (Duclos) l

)

s

s

b

a Mauritia histrio (Gmelin)

a t
2

t
6 m 10 7 4 10 Mauritia arabica (Linnaeus) 2

)
53 2 s g v

T
v

3

b

a m Mauritia scurra (Gmelin) s va

a m 4 9 4 Mauritia mauritiana (Linnaeus) absent
)

s b

a *
1 1 Talparia talpa (Linnaeus) b

a t
2

r

*

t°

m
1

T) Cypraea tigris Linnaeus
Lyncina nivosa (Broderip) 4

)

s v
3

b

a # V) Lyncina argus (Linnaeus) v
3

b

a m Lyncina lynx (Linnaeus) s g v7
v

3

b

a t
2 * m 4 Lyncina vitellus (Linnaeus) s g v

7
b

a * m 5 Lyncina carneola (Linnaeus) s v7
v

3

b

a * 3 Luria isabella (Linnaeus) s g v
s

b

a Pustularia globulus (Linnaeus) s v
3 b

a *
1 Pustularia cicercula (Linnaeus) s g b

a m Pustularia bistrinotata Schilders

Pustularia childreni (Gray) 5

)

s v
7

v 7

b

b

a t" m 9 118 Monetaria annulus (Linnaeus) ") rare
3

]
s g v

7
v

3
b

a t
2

t
8 m 10 9 Monetaria moneta (Linnaeus) rare

3

s g v
7

v
3

b

Erosaria labrolineata (Gaskoin) s v 7
b

a # 8 Erosaria gangranosa (Dillwyn)

Erosaria boivini (Kiener) ')

s

s (v
7

)
b

a m Erosaria helvola (Linnaeus) s g v7
v3 b
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a t'

f m 13 8 3

20 24

a t' t° m
- ^ ;

"

a

* m

m

m

m

m

m

m
m

: m
t° m

30

3

1

187

3

1

1

23

4

269

Erosaria caputserpentis (Linnaeus) rare'

Erosaria poraria (Linnaeus) 8

)

Erosaria erosa (Linnaeus)

{Erosaria ocellata (Linnaeus)} ')

Erosaria miliaris (Gmelin)
Erosaria lamarcki (Gray) 8a

)
°)

{Erosaria turdus (Lamarck)} 10

)

Staphylaea staphylaea (Linnaeus)

Staphylaea limacina (Lamarck)
Nuclearia nucleus (Linnaeus)

Erronea walkeri (Sowerby)

Erronea pyriformis (Gray) 11

)

{Erronea xanthodon (Sowerby)} 11

)

Erronea pallida (Gray)

Erronea onyx (Linnaeus)

Erronea ovum (Gmelin)

Erronea errones (Linnaeus)

Erronea cylindrica (Born)

Erronea caurica (Linnaeus)

Erronea listen (Gray) 80

)

Notadusta punctata (Linnaeus)

Palmadusta asellus (Linnaeus)

Palmadusta clandestina (Linnaeus)

Palmadusta saulae (Gaskoin) 12

)

Palmadusta contaminata (Sowerby) 18

)

Palmadusta lutea (Gmelin)

Palmadusta ziczac (Linnaeus) 11

)

Purpuradusta gracilis (Gaskoin) 55 1

Purpuradusta fimbriata (Gmelin) 18

)

Purpuradusta microdon (Gray) 10

)

Blasicrura quadrimaculata (Gray)

Blasicrura pallidula (Gaskoin)

Blasicrura interrupta (Gray)

Blasicrura teres (Gmelin) ")

Bistolida kieneri (Hidalgo)

Bistolida hirundo (Linnaeus)
Bistolida ursellus (Gmelin)

Bistolida stolida (Linnaeus) 17

)

Ovatipsa coloba (Melvill)

Cribraria cribraria (Linnaeus)

s g V b

: : : : b

s g v
7

v
3

b

- - (v
7

)
- -

s g v
7

v
3 b

: g : : :

s g :

s : :

s g v
7

: b

: b

v
3

b

(v
r

)

v7

b

b

b

b

b

b

b

b

(b)

b

b

b

b

b

b

b

b

b

b

1
) Pulo Penang, quoted by Hidalgo, 1906 (p. 46) possibly may

refer to oblong M. arabica.

2
) One broad M. arabica from Bhuket Island has been presented

to the writer by Mr. Summers.
3

)
According to communications from the collectors.

4
) Lyncina nivosa has a range extending from Puket and Mergui

to Madras and Ceylon, but seems to be absent from the Anda-

man Islands.

5
) The occurrence in Pulo Condor (Rochebrune) and Balabac

(Elera) needs confirmation, though it is possible.

6
) One worn shell has been collected in the sandy banks of the

Maeklong River in the province Ratburi far off the river's

mouth : it must have been lost by natives.

7
) "Cypraea ocellata" quoted by Rochebrune evidently is a

misidentification of Erosaria boivini.

") Simalur Island and Tizard Reefs are the localities most closely

approaching the coast of Thailand.
8a

) Classified as prospecies of miliaris and felina respectively by

Schilder in The Veliger 7(3) : pp. 179, 181 (1965).

°) E. lamarcki is represented by three shells in a small set of beach

cowries collected at Ban Pe in January 1964, but it is absent

in a large series of beach shells collected at Ban Pe in Novem-

ber 1964; though it seems improbable that E. lamarcki and E.

miliaris live in the same area, the collector does not believe that
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ADDITIONAL REMARKS

Most cowries are rather worn shells collected on sandy

beaches in January and November 1964; only those

coming from Ko Chang, Ko Raja Yai, and some few

specimens collected along the west coast of Puket Island

have been taken alive. Many parts of the coasts of

Thailand are muddy so that no shells can be collected

there, especially in the bay immediately south of Bangkok.

Nevertheless, all specimens could be determined exactly,

even if there was no trace of color left. In addition, many
peculiar characters could be noted which deserve brief

discussion.

The indicated range in length (L in millimeters) and

in breadth (B in % of length) does not include extremes

which are accidental in small populations and become

more divergent the more the number of examined speci-

mens increases, but it refers to the two thirds of specimens

approaching the mean: this range of "usual" specimens

approximately agrees with the official standard deviation

E. lamarcki from Puket Island need to be confused with shells

from Ban Pe. The citation of "lamarckii" from the Gulf of Siam

by Morlet seems not to be reliable. Therefore, on zoogeo-

graphical grounds one should list its occurrence in the Gulf of

Thailand as doubtful.
ln

) The shell from Mergui identified as turdus by Martens, 1887,

probably was a worn lamarcki as turdus does not live east of the

Arabian Sea.

"") The shell from Mergui identified by Martens, 1887, as the

East Australian E. xanthodon has been proved by Vredenburg,

1919 (p. 147) to be E. pyriformis.

'=) The occurrence of E. saulae in the Mergui Archipelago is

rather discontinuous to the usual habitat from the Philippines

to East Australia; nevertheless the habitat and the identifica-

tion are correct.

") The shell from Pulo Condor identified by Rochebrune, 1882

(p. Ill) as P. contaminata may be P. gracilis. I have seen true

P. contaminata from the Andaman Islands (Museum Calcutta)

and from Tizard Reef (British Museum).
xi

) Palmadusta ziczac seems to be absent from the areas between
the Andaman Islands, the south coast of Java, and the Philip-

pines.

15
) Rochebrune's P. microdon from Pulo Condor may be this

species or P. fimbriata; in North Borneo both species occur
(coll. Lancaster) .

'") The identification of B. teres by Martens (1883, called tabes-

cens) is correct, as I have examined one specimen from Salang
in the Museum of Berlin.

17
) The distribution of B. stolida in the Indian Ocean was known
hitherto only from areas west of Ceylon and Sabang (Sumatra)

,

both included.

and does not change much with an increasing number of

specimens. The extreme range in very large series is

expected to be about three times as wide.

Mauritia arabica: The western shells (L 42 - 55; B 59

to 64) are oblong ovate to callously ovate with rather

blunt extremities and distinct dorsal lacunae, thus repre-

senting the typical Malayan arabica (= intermedia

Gray
)

, but some specimens approach the Indian dila-

cerata Schilder & Schilder in markings. The eastern

shells, however (L 45 - 61 ; B 62 - 66) , are mostly deltoidal

with the base acuminate behind, even in very callous

specimens, and the dorsal longitudinal lines predominant

so that the lacunae become obsolete: therefore they

belong to the Chinese asiatica Schilder & Schilder

(= dilatata Coen).

Lyncina nivosa: The only specimen from west of Fata

(L 50; B 59, with 28 labial and 27 columellar teeth) is

beach worn ; but Mr. C. N. Cate, Los Angeles, possesses a

fine shell (L 42; B 61, with 24:25 teeth) from Puket

Island, collected by F. N. Crider.

Lyncina vitellus: The four live taken shells are pale

fulvous.

Lyncina carneola: The beach worn shells are small and

slender (L 24-29; B 56-66).

Luria isabella: There are no dark centers in the orange

terminal spots.

Monctaria annulus: L 17-20 (extremes 13 - 26) ; B 70

to 78 (extremes 64-81); the ecotypes A : Q : H are

represented in 54 : 34 : 12 per cent.

Monetaria moneta: L 18 - 24; B 73 - 80; mostly ecotype

R with tendencies to E, C, and M; all fresh shells are

suffused with rich yellow and their dorsal ring is mostly

well visible.

Erosaria gangranosa: L 14 - 18; B 62 - 66; the blackish

terminal spots are rather small, but the orange tips are

well visible.

Erosaria caputserpentis: The shells from Kata seem to

be smaller and less broad than those from Ko Chang
(L 28-31 vs. 30 - 32; B 74 - 77 vs. 75 -83).

Erosaria erosa: In adult shells B is 57 - 62, the lateral

blotches are absent or obsolete in 40% and 4% on the

right and left margin respectively, and the brown striae

on the outer lip become distinct in 45%. In length there

are evidently two groups of shells, the range being L 21

to 23 and 30- 34; all specimens taken alive in western

Thailand (Pf, K) are large, even those coming from

Kata, while the beach shells from Kata (Pw) mo.-rlv

are small with five large shells intermixed only, viz:
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L 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

live

beach 1 3 3 4 6 2 1

3 1 4

- 1 -

2 2 11

This difference cannot be due to chance.

Erosaria miliaris: Rather small (L 24- 32, extremes 19

to 40; B 61 -66) if compared with the usual L 28-38
from other areas; shape and aperture agree with the

Malayan E. miliaris differens Schilder.

Erosaria lamarcki: The pure white spots on the greenish

fulvous dorsum as well as other characters prove all

Thailand shells to belong to the eastern subspecies E. I.

redimita Melvill: they are of usual length, but rather

callous on the margins and on the base (L 28 - 31 ; B 65

to 70) . There is no difference between the shells from the

west coast and those said to come from Ban Pe.

Erronea walkeri: The specimen from Ban Pe (L 22;

B 63; with 21:20 teeth) is bleached, but all structural

characters agree with broad specimens from other locali-

ties; there are even traces of pale pinkish color between

the posterior columellar teeth.

Erronea pyriformis: The five shells from the Gulf of

Thailand are slender (L 23-31; B 57-61, instead of

60 - 63 ) , but the lateral spots and the chestnut columellar

teeth are typical.

Erronea pallida: The shape agrees with the Malayan
race E .p. insulicola Schilder & Schilder, while pallida

s. str. from the Arabian Sea is distinctly broader:

Karachi ( Winckworth

)

L25- 28 B63 -65

"Aden" (Schlesch)

= Bombay? Karachi? 22- 24 63 -65

Bombay to Ceylon 22- 27 63 -66

Puket Island to Singapore 22- 26 60 -63

Gulf of Thailand 22- 26 59 -62

North coast of Java 21- 24 60 -63

In the Gulf of Thailand the other characters seem to be

intermediate so that the extreme E. p. insulicola from Java

seems to be a cline only.

Erronea onyx: The worn shells from Ban Pe seem to

exhibit traces of the bluish white dorsal color of typical

E. onyx s. str., whereas the shell from King Island in the

Mergui Archipelago (British Museum) recalls E. o. mela-

nesiae Schilder & Schilder: its dorsum is pale chestnut

as in the western E. o. adusta (Lamarck), but the

structural characters approach more those of E. onyx s. str.

Erronea errones: The shells from Puket are slightly

smaller and broader (L 18-24; B 56-59) than those

from Ban Pe (L 20 - 24; B 55 - 57) ; but there is even a

small difference between the 115 shells collected south

west of Ban Pe on November 14, 1964 (L 20 - 24 ; B 55 - 58

)

and the 142 shells collected between Ban Pe and Ban

Klaeng Lang two days earlier (L 20-25; B 54-57),

as even the medians are slightly different (22/56 vs. 23/55

respectively). The dorsum is mostly worn, but in most

less rolled specimens the dorsal blotch is well visible (it

may be absent in about 10% of the shells). The anterior

terminal spots are mostly present; the percentages of

absent, obsolete, small, distinct, large, and very large spots,

at least on the labial side, are in:

18 shells from Puket Island 11 17 39 33

75 shells from Ban Pe: S. W coast 7 3 20 37 29 4

127 shells from Ban Pe: East coast 6 3 13 32 40 6

220 Total 6 3 16 34 36 5

Erronea caurica: The three beach shells from Puket

Island are rather small and slender (L 25 - 32 ; B 49 - 54)

,

hardly margined, with wide aperture, short columellar

teeth, and reduced fossula.

Purpuradusta gracilis : L 14-17; B 59-63; dorsum

worn so that the presence or absence of the dorsal blotch

cannot be stated; but the lateral spots and terminal

patches are well recognizable, they extend to the base

and the outlets respectively; the terminal patches are dark

brown, not pink.

Generally we can observe that the beach worn speci-

mens collected by a native west of Kata are distinctly

smaller than those taken alive at Kata as well as at other

localities along the west coast of Thailand: thus in

Mauritia arabica LinPf: 42-45 inPw: 32-39
Monetaria annulus 22-25 17 -20

Monetaria moneta 23-25 16-21

Erosaria caputserpentis 30-32 28-31

Erosaria erosa (see above) 31 -35 21 -30

These differences prove that the beach shells (Pw) lived

in an environment other than the usual shells taken

alive (Pf).

SUMMARY
Almost one thousand cowrie shells from the hitherto

hardly explored coasts of Thailand proved the occurrence

of 18 additional species on the west coast (Andaman Sea)

and 5 in the Gulf of Thailand, not reported before. The
Indian Erosaria lamarcki redimita (Melvill) seems to

pass the Malacca Strait as far as to the innermost Gulf

of Thailand, where its eastern representant, E. miliaris



Page 28 THE VEL1CER Vol. 8; No. 1

(Gmelin) is far more frequent; Erronea pallida (Gray)

also ranges from the Arabian Sea to the Gulf of Thailand,

where it seems to connect morphologically E. pallida s. str.

(Persian Gulf to Ceylon) with E. p. insulicola Schilder &

Schilder from northern Java, as the intermediates from

the Andaman Sea and the Singapore area also do.

ACKNOWLEDGMENTS
I sincerely thank the three native collectors in Thailand

for supporting our zoogeographical and varietal studies

in cowries by presenting the specimens discussed above,

and Dr. Maria Schilder for joining in statistical research.

LITERATURE CITED
Dautzenberg, Philippe, & H. Fischer

1906. Liste des inollusques recoltes par M. H. Mansuy en

Indo-Chine. Journ. de Conchyl. 53: 396 - 399

Fischer, Paul

1891. Catalogue et distribution geographique des mollusques

d'une partie de 1' Indo-Chine (Autun). pp. 69- 74

Hidalgo, Joaquin Gonzales

1906. Monografia de las especies vivientes del genero Cypraea.

Mem. Acad. Cienc. Madrid, 25: 1 -240; (1907) 241 -588; I

to XV.

Mabille, Jules Francois & G. Le Mesle

1866. Observations sur la faune malacologique de la Cochin-

chine et du Cambodge. Journ. de Conchyl. 14: 120

Martens, Eduard Carl von

1883. Meeresconchylien von Salanga. Conch. Mittheil.

2: 137

1887. List of the shells of Mergui. Zool. Journ. Linn.

Soc. London, 21: 185-187

MORLET, L.

1889. Catalogue des coquilles recueillies par M. Pavie dans

le Cambodge et le royaume de Siam. Journ. de Conchyl.

37: 139- 142

Rochebrune, Alphonse Tremeau de

1882. Documents sur la faune malacologique de la Cochin-

chine et du Cambodge. Bull. Soc. Philomat., ser. 7, 6:

58, 110-111

Schilder, Franz Alfred

1965. The geographical distribution of cowries (Mollusca:

Gastropoda) The Veliger 7 (3) : 171 - 183; 2 maps

(1 January 1965)

Vredenburg, E.

1919. The occurrence of Cypraea nivosa in Mergui. Journ.

Asiat. Soc. Bengal 15: 137 - 142

1919. The occurrence of Cypraea piriformis in Mergui.

Journ. Asiat. Soc. Bengal 15: 147

ERRATA

The name AKLEISTOSTOMA on page 236 of The
Veliger, vol. 7, no. 4 should have been printed in italics,

as Akleistostoma, since Gardner, 1948, used the term

"sectio" in the sense of the taxon infragenus of other

authors, i.e. a taxon of a lesser order than a subgenus

(as Thiele did in his Handbuch der systematischen

Weichtierkunde, Jena, 1929), and not as a high taxon

between "subdivision" and "superfamily" indicated by our

use of the CAPITALS. We apologize for having intro-

duced this confusion through an error in editorial inter-

pretation. R. S. Ed.
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Behavioral Adaptation of the Giant Clam Tridacna maxima

to the Presence of Grazing Fishes

BY

CHARLES R. STASEK

California Academy of Sciences, Golden Gate Park

San Francisco, California 94118

(Plates 2 and 3; 3 Text figures; 1 Map)

INTRODUCTION

Among the spectacular molluscan groups from the

tropical Indo-West-Pacific zoogeographical region are the

giant clams, or Tridacnidae, a family of several, often

variable species not all of which attain gigantic propor-

tions. The colorful mantle and the exposed nature typical

of the group make them conspicuous members of the reef

fauna (Plate 2, Figure 1). Byssal attachment to a coral

substratum is usual, but large individuals of certain species

lie unattached upon the bottom of the sea (Yonge, 1936)

.

As in the majority of bivalves, the general habitus of

the tridacnids is one in which the siphonal mantle lobes

are upwardly directed. In this family, however, the poste-

rior portions of the body far exceed the remaining portions

in relative size. These relative proportional differences

are suggested by the extent of comparable regions outlined

on the lateral surfaces of the shells of Tridacna and

Clinocardium (Text figure 1). The siphonal mantle lobes

extend over the margins of shell regions b and c, between

the end of the pedal gape (PG) and the end of the liga-

ment (PL). As illustrated in Plate 3, Figures 1 and 2, the

hypertrophied mantle lobes of Tridacna are completely

exposed to the surrounding sea. While one might not be

surprised that defensive mechanisms exist in correlation

with this kind of sessile and conspicuously epibenthic

habitus, the Tridacnidae have been believed insensitive

to all but very considerable mechanical stimuli (Yonge,

1936, p. 304).

The present paper relates previously undescribed aspects

of behavioral activity of Tridacna and draws conclusions

concerning its adaptational significance.

Tridacna AT FANNING ISLAND

As a participant in the Fanning Island Expedition, 1963,

I had opportunity to study living Tridacna maxima Rod-

ing, 1798, the sole, but variable species of the family

found on the atoll, which lies about 1000 miles south of

the Hawaiian Islands and on the eastern boundary of

the geographical range of the Tridacnidae. In a previous

paper (Stasek, 1962) this species was referred to T.

elongata Lamarck, 1819, but Dr. Joseph Rosewater,

USNM, (in correspondence) considers the present name
the correct designation. The accompanying map records

the collecting localities at which living specimens were

found. Tridacna occurring about the unnumbered "Tran-

sect" locality in approximately 4 meters of water on the

outer reef slope were exceptionally large for the species

(Plate 3, Figures 1 and 2) . The largest collected specimen

measured 417 mm in greatest dimension. SCUBA proved

necessary for observations in this locality. Snorkle and face

plate were sufficient in localities within the lagoon, and

Tridacna could be collected by wading in localities 7, 14,

and parts of 19.

While Tridacna maxima is characteristically byssally

attached to a solid coral substratum, often within shallow

or deep depressions of its own making, many specimens

in Collecting Locality No. 18 were found in about 3-5
meters of water on a coral sand bottom. This locality was
typified by a series of large offshore, steep-sided knolls

composed mainly of mixed coral genera [Pontes, Acro-

pora, etc.). The knolls, estimated to be a maximum of

2.5 meters high, were isolated one from the other by
relatively narrow channels, the floors of which were coral

sand. It was on this sand that the Tridacna lay free. Each
free Tridacna possessed a strong byssus fixed to a small

piece of broken coral skeleton, usually Acropora.

Living, uninjured specimens from Collecting Locality

No. 5, where Tridacna was common in water less than

2 meters deep, were kept in small plastic aquaria or were
transferred to Danger Point Pool (see map) for obser-

vations.
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Figure 1:

Diagrams of the lateral surface of the right valve of Clinocardium

(A) and of Tridacna (B). Lines drawn along radii between the

umbo (U), which is greatly enrolled in Clinocardium, and the

posterior end of the pedal gape (PG) or the siphonal septum (SS)

divide each valve into three comparable, but disparately sized regions

(a, b, c) . The relative sizes of these regions are directly correlated

with the degree of development of adjacent components of the

mantle and body. Hence, while "locomotory regions" of the body

and shell (a) are emphasized during growth of Clinocardium, the

"siphonal regions" (b and c) disproportionately enlarge in Tridacna,

which is attached by a byssus (B). PL, posterior end of ligament.

Large series of subfossil Tridacna and other mollusks

were found lying on the soil surface near the middle of

the Transect Line.

All reactions reported below were observed to occur

in the field as well as under laboratory conditions.

OBSERVATIONS

Reactions to mechanical stimulation. A child, gently

prodding the exposed mantle lobes of a Tridacna contained

in a small aquarium, accidentally discovered a significant

fact. Namely, that regardless where he stood relative to

the clam, the resulting stream of water shot from the

exhalant aperture to a distance of about two-thirds of a

meter beyond the rim of the aquarium invariably got him

wet if he prodded that part of the mantle nearest him.

That is, upon stimulation, the stationary clam obviously

had the ability to orient the stream of exhalant water

towards the region of mechanical irritation of the mantle.

Following this discovery, responses of expanded Tridacna

to probing were observed to be as follows:

In an expanded, undisturbed position the exhalant aper-

ture, which lies at the end of a short cone, is directed

upwardly away from the inhalant aperture (Plate 3,

Figure 3; Text figure 3, EA). When a limited region of

a mantle lobe was gently probed one to several times with

a blunt wire, there resulted a withdrawal of the single

mantle expansion touched, the exhalant aperture remain-

ing open. In this simple response the edge of the mantle

withdrew approximately 3 or 4mm from the shell margins.

Continued stimulation of the mantle expansion, even if

gentle, resulted in an overlapping and infolding of the

lateral lips of the exhalant cone, as depicted in Text figure

2. The exhalant aperture was closed by this process.

Concurrently with the infolding of its lips, the exhalant

cone rapidly elongated with the closed aperture directed

toward the area being probed, and the entire mantle

margins of both right and left sides retracted nearly out

of sight between the gaping borders of the shell. As the

cone expanded, its walls became obviously thinner. A
violent closure of the shell then drove a powerful current

of water from the exhalant aperture toward the region of

stimulation. The aperture was apparently opened by

muscular relaxation and by sudden increase in internal

water pressure. Plate 3, Figures 4 and 5 illustrate the

exhalant cone photographed in the process of "aiming."

Sand sprinkled between the mantle lobes did not result

in directed movement of the exhalant cone or in spurting

from it. Large pieces of coral gravel placed in that position

did result in this behavior. Such gravel was usually

cleared away at once, but often 2 or 3 attempts were

necessary to accomplish this clearance.

While the lips of the exhalant aperture infolded and

the entire cone elongated just prior to a spurting reaction,

the margins of the large inhalant aperture (Plate 3, Figure

3; Text figure 3, IA) were slightly infolded and pulled

together, probably by contraction of longitudinal mantle

muscles in the rims of the aperture.



Plate 2



Figure i : Tridacna, in situ, as seen from above. Photo taken at the isolated

intertidal locality in Rapa Passage.

Figure 2: Small Tridacna with mantle lobes expanded and showing spots of blue

structural pigmentation; groups of zooxanthellae scattered generally in the tissues; a

marginal row of dark spots, each indicating location of a "hyaline organ"; and a

regenerated notch of mantle containing "hyaline organs". Specimen from Palmyra

Island, Line Islands. Photo by S. A. Wainwright.

Figure 3: Roving school of surgeon fish (Manini) in Danger Point Pool.
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D

Figure 2:

Tridacna. A Exhalant cone seen three-dimensionally, aperture

open. Sagittal plane, indicated by line above aperture, is at right

angles to plane of paper. B - D The cone drawn as though

sectioned perpendicularly to the sagittal plane and showing three

stages of the overlapping-in folding process.

Responses to probing differed according to the part of

the mantle stimulated. If the mantle lobes were probed

anywhere between the upper margin of the inhalant

aperture and the end of the ligament, the exhalant cone

became active and reacted as described above.

Stimulation of the lip margins of the exhalant aperture

resulted in a violent and upwardly directed spurt of water.

If the mantle lobes bordering the inhalant aperture

were probed, water was ejected in a strong, gushing

fashion from that aperture only. The exhalant aperture

infolded and closed, but the cone was not directed toward

the point of irritation.

Water ejected from the inhalant aperture when the

mantle lobes adjacent to it were stimulated was directed

toward the side of stimulation. This directed response

occurred because of a differential retraction, or lowering

SS C Q RP EA CU

Figure 3:

Tridacna maxima. Organs of the mantle cavity as seen from the

right side. Right valve and mantle lobe have been removed (modi-

fied from Stasek, 1962)

.

B - byssus emerging from foot; C - catch portion of adductor

muscle; CU - supra-branchial cul-de-sac; EA - exhalant aperture;

IA - inhalant aperture: IC - extension of infra-branchial chamber;

ID - inner demibranch of ctenidium; L - ligament; OD - outer

demibranch of ctenidium; OL - outer labial palp lamella; PG -

posterior end of pedal gape; PL - point at which right and left

mantle lobes fuse at end of ligament; Q - quick portion of adductor

muscle; RP - posterior pedal retractor muscle (area of insertion

on right valve) ; SS - siphonal septum dividing infra- and supra-

branchial chambers; U - umbo.

of either the right or left margin of the aperture, depend-

ing upon which side was probed. This retraction resulted in

a deflection of the stream of water from the higher toward

the lower side of the aperture.

Stimulation of the minutely tentacled border of the

inhalant opening resulted in a violent spurt of water

directed straight out through the aperture.

Thus there are two zones of the hypertrophied mantle

lobes, an extensive "exhalant zone" (Text figure 3,SS-PL)
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Figure 4:

Fanning Island, Line Islands, Central Pacific.

Collecting localities at which Tridacna was found (cross-hatching).

Localities with single observed specimens indicated by large dots.

and a smaller "inhalant zone" (Text figure 3, PG-SS).
Each zone reacts differently to mechanical stimulation.

The observed behavior gives the appearance of being

coordinated to a high degree.

The differential activity of the mantle zones is correlated

with the distribution of the major pallial nerves arising

from the visceral ganglia. Dissections of the nervous sys-

tem corroborated the findings reported by Yonge (1953,

Figure 5), who worked with Tridacna crocea Lamarck,

1819. The visceral ganglia, which lie adjacent to the

adductor muscle, give rise to large paired nerves that pass

postero-dorsally from the ganglia and along the surface
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Figure 2 Figure 5

Figure 1 : The outer reef slope on the "Transect" locality. One expanded Tridacna is visible.

Figure 2: The same Tridacna close up. The rod is about 30 cm long.

Figure 3: Expanded, undisturbed Tridacna seen from above and showing normal

position of the exhalant cone and aperture (EA) . Upper portion of large inhalant

aperture (IA) is seen to the left.

Figure 4 : Same specimen beginning to direct exhalant cone toward region of probing.

Figure 5 : Same specimen "aiming" in opposite direction and about to spurt.

Note thin walls of exhalant cone.
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of the adductor muscle. One major branch curves back

and innervates the mantle of the inhalant zone ; two other,

ramifying branches innervate the exhalant zone. Attempts

to relax Tridacna in order to accomplish selective sever-

ance of the different nerve trunks and to study the effects

of these operations were unsuccessful : the specimens soon

died, probably through lack of circulating water. Sever-

ance itself was not difficult, for over much of their length

the nerves of the exhalant zone stand out as low ridges

upon the floor of the suprabranchial cul-de-sac (Text

figure 3, CU). One need only pass a scalpel through the

relaxed exhalant opening and, looking through the open-

ing, visually complete the operation.

Reactions to shadows and objects. At Fanning Island,

Tridacna. both in the laboratory and in the field, reacted

not only to shadows passing across the mantle but also to

moving objects whose shadows did not fall upon the

mantle lobes.

Initial response to a shadow was that of an overlapping

and infolding of the lips of the exhalant cone, as described

above. If the shadow passed quickly, no further response

was observed. If the shadow lingered more than one or two
seconds, the mantle lobes quickly withdrew, although not

entirely between the shell valves. By coarsely limiting the

mantle area upon which the shadow fell, it was found

that a response would be elicited when portions of the

lateral expansions of the mantle alone were covered by

the shadow.

Sudden partial retraction of the mantle also resulted

when an object was passed above it, the shadow of the

object being cast to one side of the entire clam. This

response is here called a "sight" reaction. With the dis-

covery that Tridacna reacts to moving objects, it was no
longer possible to assume that all reactions to shadows

vere to shadows alone, but responses initiated at the very

onset of shading of the mantle were too often observed

o be coincidental.

I have in my notes the statement that occasionally the

exhalant cone would "aim" and spurt at a non-moving

object held over the mantle, but this observation requires

validation.

In order to further observe the "sight" reactions of

Tridacna, six uninjured specimens were transferred from

Collecting Locality No. 5 to Danger Point Pool, which
nearly always possessed roving individuals and schools of

fishes that grazed upon the substratum (Plate 2, Figure 3

;

for details see Bakus, 1964, p. 8). By the following day

all the transplanted Tridacna had expanded normally.

Labrid, pomacentrid, and acanthurid fishes in fair num-
bers were attracted to the vicinity by encrusting organisms

living on the under-surfaces of overturned coral slabs. All

of the fish attracted to the area, even small pomacentrids,

had the effect of causing Tridacna to partially and mo-
mentarily retract the mantle lobes and, especially in the

presence of larger fish, such as Manini (Acanthuridae)

,

to partially close the valves, although the shadows cast by

the fish did not necessarily fall upon the mantle. The fish

did not attempt to nibble upon the clams. The significant

point is that Tridacna perceived the fish, which normally

coexist with the clams in coral reef habitats.

In the shallow waters of Danger Point Pool the con-

stant play of light and flickering shadows cast by the

small surface waves had no effect on Tridacna.

Hammering and scratching on the coral near the speci-

mens, as well as fluttering hand movements below the

lateral mantle expansions, yielded no visible response, and

I concluded that vibrations traveling through water were

not the stimulus necessary to evoke a reaction.

Light-colored labrids and acanthurids yielded positive

reactions. Thus there seemed to be no selective response

to dark objects.

While SCUBA diving at night, I observed that Tridacna,

viewed in the peripheral beams of an underwater flash-

light, did not react to moving objects at that time,

although they responded to probing.

DISCUSSION and CONCLUSIONS

All five tridacnid species available to me m 1960 at the

Eniwetok Marine Biological Laboratories responded when

a shadow passed over the mantle lobes (Stasek, 1962).

The reaction was simply a withdrawal of the mantle lobes

between the shell valves and, in the smaller species only,

a closure of the shell. I concluded that this shadow reaction

was an adaptation to the presence of fishes, such as sur-

geon fish and parrot fish, that gnaw and scrape upon the

coral substratum in or upon which the Tridacnidae live.

The location of the sense receptors for the shadow

reaction proved problematical. Eye-like "hyaline-organs"'

are found in the exposed portions of the mantle (Plate 2,

Figure 2) but are thought to function as light gathering

structures that, by focusing sunlight into the tissues, facil-

itate growth and reproduction of the zooxanthellae (dino-

flagellates) known to live in the mantle (Yonge, 1936).

Yonge concluded that the hyaline organs were not sensory

light receptors because he was unable to demonstrate a

nervous connection between them and the central nervous

system. I therefore suggested in 1962 that elements of the

siphonal nerve may respond directly to cessation of light,

as shown for the surf-clam Spisula (Kennedy, 1960).
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The striking "sight" reaction of Fanning Island Tridac-

na, unlike responses to shadows, indicates the presence of

a complex light receptor in the mantle. The nature and
location of such a receptor is moot at this time, although

the perception of moving objects suggests the existence

of light gathering structures or lenses. A thorough study

of the lens-like "hyaline organs" from a histological point

of view is required and is planned for the future.

Why it was that the Tridacnidae at Eniwetok were not

observed to have similar responses can not be answered.

"Aiming" of the exhalant cone was not observed, but I do

recall being violently squirted with water from the inhal-

ant aperture of what I called Tridacna derasa Bolten,

1 798, when the margins of the aperture of a particular

individual were probed. In all likelihood the generally

expressed view that Tridacna is more or less insensitive

inhibited further investigation of the problem. At Fanning

Island, were it not for an inquisitive child, the "aiming"

mechanism possibly would have gone undiscovered.

Alone, the aiming-spurting behavior might be regarded

as a means of getting rid of coarse debris that may come

to rest on the mantle, but in conjunction with the reactions

to shadows and to moving objects, I conclude that my
previous decision has received additional support. That

is, the described behavioral responses of Tridacna are

probably defensive adaptations to the presence of grazing

fishes. Such fish, particularly parrot fish, are known to

sleep at night, and were so observed in Danger Point

Pool. Therefore the "sight" reaction of Tridacna, which

has no significance at night, seems additionally likely to

have evolved in the presence of predators or grazers

active during daylight hours only. It may be that these

fish do not actively seek out Tridacna, but should a fish

begin to chew on the mantle during the normal course

of grazing activity, the beset clam would not be helpless

before it. That Tridacna is approached by grazing fishes

in nature is indicated by tooth marks on the outer shell

surfaces and by regenerating notches in the mantle

margins (Plate 2, Figure 2). The current of water pro-

duced by the spurting of Tridacna maxima, while suffi-

ciently strong to physically drive smaller fish away, may
simply induce a startle reaction in larger fish.

In connection with these possibilities, it may be noted

that Dr. Gerald Bakus, another member of the Expedition,

concluded that "Grazing and predaceous reef fishes prob-

ably have played an important role by acting as agents of

natural selection, leading to the evolution of protective

mechanisms and habits among certain tropical shallow-

water invertebrates" (Bakus, 1964, p. 24). In his paper,

Bakus described conditions of fish-grazing at Fanning

Island and reviewed the literature dealing with this

subject.

Other adaptations correlated with the powerful spurting

behavior of Tridacna are the massive development of the

"quick" portion of the adductor muscle, which accomp-

lishes the sudden closure of the shell (Text figure 3, Q).
The "catch" portion, which holds the valves closed once

they are shut, is relatively weak in Tridacna (Text figure

3, C; Tamura, 1931 )

.

However, firm and prolonged closure is often observed

in the field and is the result of contraction of the large

right and left posterior pedal retractor muscles (Text

figure 3, RP). At their upper ends these muscles are

intimately applied to the inner shell surface of their

respective valves ; at their opposite ends they pass into the

foot. The byssus (Text figure 3, B), extending from the

foot to the substratum, acts as a strong anchor for the

pedal retractor muscles, which, when they contract, pull

the umbonal regions of the shell against the coral sub-

stratum with great force. The broad umbones provide

dual fulcra about which the valves can move when this

force of contraction is applied, the gaping margins of the

shell being pulled together. Significantly, the areas of

muscular insertion on the shell lie in a direct line above

the byssal gape.

Closure is therefore effected not only by action of the

adductor muscle but also by that of the pedal retrac-

tors, which have assumed a function supplementary to

that of the reduced "catch" portion of the adductor, thus

broadly resembling the Anomiidae in this regard.

The relatively vast water chamber formed by the supra-

branchial cul-de-sac, and from which the exhalant cone

extends, probably provides a reservoir for water utilized

in spurting (Text figure 3, CU)

.

In conclusion, I believe it likely that the spurting behav-

ior of Tridacna does not have unique adaptational signi-

ficance. I suggest that the spouting commonly observed in

clam beds of temperate shores at low tide occurs also

when the burrows are covered by water. I suggest also that

the sudden strong water currents so created by a clam

act as partial deterrents to predaceous fishes, probably

by inducing a startle reaction. Removal of feces and other

rejecta from the mantle chambers occurs with spurting

and may have been the original function of this action.

Other adaptations to the presence of such fishes, and in-

volving the siphonal regions, probably include the heavy

plates at the siphonal tips in Tresus (= Schizothaerus) .

the autotomous siphons of Solen and Solecurtus, and the

siphonal eyes of the Cardiidae.

As often occurs in evolution, the complicated defensive

adaptations possessed by Tridacna may represent special-
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Addendum to:

BEHAVIORAL ADAPTATION OF THE GIANT CLAM TRIDACNA MAXIMA

TO THE PRESENCE OF GRAZING FISHES

BY

CHARLES R. STASEK

Starck & Schroeder (1965), diving off of Florida at

night, observed inactivity of many reef fishes be-

longing to groups also inhabiting Indo-Pacific coral

reefs. They stated that "The colorful parrotfishes,

surgeons, wrasses, and damselfishes, so active in

daylight, rest or sleep after dark," a statement cor-

roborated by references in the present paper.

Rosewater (1965) described some behavioral char-

acteristics of Hippopus (p. 363) and of three species

of Tridacna (pp.372, 381, 387). In all, he confirmed

observations on reactions to lowering of light inten-

sity (Stasek, 1962). He did not report reactions to

moving objects or directed spurting behavior of the

exhalant cone. With reference to T. gigas, he stated

that "When stimulated by a change in light intensity,

such as a shadow over the excurrent siphonal area,

the siphon rolls inward and closes. There follows a

sudden contraction of the valves causing a great

surge of water to be squirted out of the incurrent si-

phon" (Italics mine]. Thus actual mechanical stimu-

lation is not necessary to evoke a spurting response

in this species, although why water was ejected from

the incurrent opening when the excurrent siphonal

area was placed in shadow is confusing. Spurting

was also noted in T. squamosa.

Production costs for Plates 2 and 3 have been de-

frayed by a grant from The Co cos Foundation, Inc.
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ization of basic mechanisms existing in more generalized

form elsewhere in the class.
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Generic Units in the Heteropoda

BY

EUGENE COAN

Department of Biological Sciences, Stanford University

Stanford, California 94305

This is the third in a series of three papers written as

advance treatments for gastropod groups I am revising

for the Treatise on Invertebrate Paleontology.

These advance synopses have served to validate certain

new names and type designations, to provide an opportu-

nity for references to be given, and to enable other workers

to criticize the revisions before their final publication in

the Treatise.

The Heteropoda have been a particularly difficult group

to review. Some of the literature has been hard or im-

possible to obtain. As well, this superfamily was not as

completely covered by Thiele (1929) or by Wenz
(1941 ) as were some of the other gastropod groups, and

much time had to be spent in canvassing for generic

names that pertain to the Atlantacea. The Heteropoda is

a difficult group to study, as some of the forms seem to

lack diagnostic characters; early authors often provided

more confusion than they did enlightenment. Fortunately.

Tesch (1949) has published a good review of the species

which facilitated the present task, but he did not review

the genera nor indicate their type species.

It is my intention here to assemble in compact form

the data concerning the generic and familial units and to

interpret the type species following the synonymies of

Tesch (1949).

I have omitted mention of some genera that have been

incorrectly assigned to this group from time to time, such

as two genera apparently not mollusks at all
(
Timoriena

and Monophora of Quoy & Gaiiiard) and various names

that apply rather to larval prosobranchs, to pteropods, or

to Paleozoic archaeogastropods.

CONVENTIONS and ABBREVIATIONS

The conventions and abbreviations used here are, for the

most part, those used in the Treatise on Invertebrate

Paleontology.

The name of the type species is set off by an asterisk

and square brackets ([*]); the form of type designation

is then indicated by the abbreviations listed below.

The work where the associated taxon was named or

subsequent designation made is indicated by a date and

by a letter (if present) . The numbers following such dates

refer to the pages or plates in the work where the name or

designation first appears. These works are listed in the

bibliography in all cases.

If the name of the author of a species is not given, it

is to be assumed that the species was first described by

the author of the associated genus and in the same work.

The type species are listed first as they were designated

— originally or subsequently— w ith the exception that ab-

breviations are filled out and the names of the authors of

the species have been added where they were lacking.

This entry is often followed by the original combination

of the species and by earlier synonyms.

Abbreviations are as follows:

( ? )
( before a generic name

auctt. (auctores)

err. [error)

ex

in synon.

M
MS
nom. correct.

inomen correctum)

nom. nud.

(nomen nudum)

nom. nov. [nomen novum)

nom. null, [nomen nullum)

'nomen translatum)

nom. transl.

position questioned

synonym

of authors

error

from

a generic name proposed

in the synonymy of another

type fixed by monotypy

the manuscript of

a name with an intention-

ally altered spelling of the

sort allowed under the IC

ZN rules

a name which, as originally

published, fails to meet the

requirements of the ICZX
rules, and has no status in

nomenclature

a new name
spelling error

a name derived by valid

emendation of a previously

published name as the re-
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suit of transfer from one

taxonomic category to an-

other within the "family-

level"

nom. van. (nomen vanum) - an invalid emendation,

having no status in nomen-

clature

non - not of

pro - for

OD - type fixed by original de-

signation

SD - type fixed by subsequent

designation
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Superfamily

At LA NT ACE A WlEGMANN & RUTHE, 1832:

518,

nom. transl. Philippi, 1853: 282 & 284, ex Atlanti-

dae

= Carinariacea Reeve, 1842: 74,

nom. correct. Troschel, 1856: 42, ex Carina-

riana

= Pterotracheacea Gray, 1840: 148,

nom. transl. Keferstein, 1863: 850, ex Ptero-

tracheidae

= Firolacea Wiegmann & Ruthe, 1832: 518,

nom. transl. Troschel, 1856: 43, ex Firolidae

Family Atlantidae Wiegmann & Ruthe, 1832: 518,

<?xRang, 1829: 123 (vernacular)

Atlanta Lesueur, 1817 c: 390 \*A. peronii; SD Gray,

1847: 149, no. 175]

= Atlanta d'Orbigny, 1834: pi. 12 (nom. null.)

= Atalanta Knocker, 1869: 619 [nom. null.)

= Atlantis (Anon.), 1819: col. 41 [nom. null.)

= Atlants Carpenter, 1861 : 241 (nom. null.)

= Atlantidea Pilsbry, 1922: 314 [*Atlanta rotundata

Gabb, 1873: 201; SD Woodring, 1928: 133]

= Steira Eschscholtz, 1825: col. 735 [*S. lamanoni;

M]

Bellerophina d'Orbigny, 1843 a: 466 & 1843 b: 410 & pit.

236 [*B. vibrayei; M]

= heller ophorina Gray, 1847: 164, no. 338 (nom.

null.

)

Eoatlanta Cossmann, 1889: 297 & 380 [*Cyclostoma

spiruloides Lamarck, 1804: 114; OD]

Oxygyrus Benson, 1835: 173 [*0. inflatus; M (= At-

lanta keraudrenii Lesueur, 1817c: 391)]

= Oxygurus Simroth, 1907: 1044 (nom. null.)

= Helicophlegma d'Orbigny, 1835: 139 & 168 [*At-

lanta keraudrenii Lesueur, 1817c; M]
= Helicoplegma Gray, 1840: 147 (nom. null.)

— Ladas Cantraine, 1841: 37 [*L. keraudrenii (Le-

sueur) (-—Atlanta keraudrenii Lesueur,

1817c) ;
M]

Protatlanta Tesch, 1908: 3 & 8 [*Atlanta lamanonii Sou-

leyet, 1852: 371, non Atlanta lamanoni (Esch-

scholtz, 1825: col. 735) (= Atlanta souleyeti

Smith, 1888: 43 [nom. nov.}) ; OD]
= Protoatlanta Wenz, 1941: 1015 (nom. null.)

Family Carinariidae Reeve, 1842: 74,

nom. correct. Troschel, 1856: 42 (as Carinari-

acea), ex Carinariana,

nom. transl. Tryon, 1883: 7 & 349, ex Carinari-

acea

Carinaria Lamarck, 1801: 98 [*C. vitrea (Gmelin)

(= Argonauta vitreus Gmelin, 1791: 3368, no.

317-2; = Patella cristata Linnaeus, 1767: 1260,

no. 768) ;
M]

— Carinaire, auctt. (nom. null.)

= Carinaires, auctt. (nom. null.)

= Carinarius Montfort, 1810: 2 (nom. van.)

= (?) Campylonaus Benson, 1835: 176 (nom. nud.)

(non Gray, 1847: 149, no. 179 [Pteropoda])

= Tithyonia Tiberi, 1880: 46, ex Cavolini MS (in

synon.)

Cardiapoda d'Orbigny, 1835: 139 & 154 [*C. peduncu-

lata; SD Gray, 1847: 164, no. 334 (=Pterotra-

chea placenta Lesson, 1830: 253)]
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= Cardiapus d'Orbigny, 1842: 19 & 1846: 722 [In-

dex] (nom. null.)

= Cardiophora "d'Orbigny" Scudder, 1882: 60

{nom. null.)

= Cardiopoda Agassiz, 1846: 65 {nom. van.)

= Carinairoida Souleyet, 1852: 351 [*C. placenta

(Lesson) (= Pterotrachea placenta Lesson,

1830) ; SD herein (first on list of two)]

— Carinaroida Smith, 1888: 25 {nom. null.)

= Carinaroides Deshayes, 1853: 61 {nom. null.)

Pterosoma Lesson, 1827a: 414& 1827b: 282 [*P. plana;

M] (see Crosse [1897])

— Aloysia Issel, 1907: 174 [*A. phyllosoma; M
(= Pterosoma plana Lesson, 1827 a & 1827 b)

]

Family Pterotracheidae Gray, 1840: 148

= Firolidae Wiegmann & Ruthe, 1832: 518, ex

Rang, 1829: 120 (vernacular)

Pterotrachea Forskal, 1775: 117 [*P. coronata; SD
Gray, 1847: 163, no. 332]

= Pterotrachaea Cuvier, 1817: 31 {nom. null.)

= Pterotrachia Norman, 1888: 8, lines 183-184
{nom. null.)

= Anops d'Orbigny, 1835 : 139 & 149 {non Bell, 1833

:

99) [*Firola peronii d'Orbigny, 1834: pi. 10,

non Pterotrachea peronii Lamarck, 1816: 13;

M]
= Eupterotrachea Bonnevie, 1920: 11 [*E. hippo-

campus (Philippi) {= "Pterotrachaea" hippo-

campus Philippi, 1836: 242) ; SD herein (first

on list of three
) ]= Euryops Tesch, 1906: 83 & 88 {non Cope, 1884:

33) ^Pterotrachea (E.) mutabilis; SD herein

(first on list of three) (= "Pterotrachaea" hip-

pocampus Philippi, 1836)]
— Euryopsis Bonnevie, 1920: 8 {nom. null.)

= Firola Bruguiere, 1791 : pi. 88 (genus without spe-

cies) Original list provided by Lesueur, 1817a:

6-7. [* F. mutica Lesueur, 1817 a: 6; SD here-

in (first on list of six)]

= Firole, auctt. {nom. null.)

= Heterodens Bonnevie, 1920: 10 [*H. gegenbauri

(Vayssiere) {= Firola gegenbauri Vayssi-
ere, 1904: 39): M (= Pterotrachea scutata

Gegenbaur, 1855: 185)]
= Hypterus Rafinesque, 1814: 29 [*H. erythrogas-

ter; SD herein (second on list of two) (= Pter-

otrachea coronata Forskal, 1775: 117)]
= Hyptere Gray, 1847: 163, no. 332 {nom. null.)

= Hypopterus Philippi, 1853: 284 {nom. van.)

= Pterophora Chiaje, 1825: 197, ex Caulini

(=Cavolini) MS (insynon.)

Firoloida Lesueur, 1817b: 37 [*"Firoloide desmaresti-

ana" ; SD Gray, 1847: 163, no. 332 {=E dema-

restia Lesueur, 1817 b)]

= Firaloida Binney, 1863: 558 {nom. null.)

= Firoloide Gray, 1847: 163, no. 332 {nom. null.)

= Firoloidea Adams & Adams, 1853: 95 {nom. null.)

= Firoloides Deshayes, 1830: 130 {nom. null.)

= Cerophora d'Orbigny, 1835: 139 & 151 [*C. lesu-

eurii (d'Orbigny) (= Firola lesueurii d'Orbig-

ny, 1834: pi. 10); SD Gray, 1847: 164, no.

333 {—Firoloida demarestia Lesueur, 1817b)]

= Ceratophora Gistel, 1848: viii {non Gray,

[1833 - 1835]: pi. 68) {nom. null.)

= Ceropleura Cossmann, 1895: 133 {nom.

null.

)

= Averna Gistel, 1848: viii {nom. van.)

= Demarestia Griffith & Pidgeon, 1834: 51 {nom.

nud., err. pro Firoloida demarestia Lesueur,

1817b)

-=Firolella Troschel, 1855: 300, 305, & 311 [*E

gracilis; SD herein (first on list of two) (= Firo-

= loida demarestia Lesueur, 1817b)]
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Survey of Digenetic Trematode Parasitism in Some

Prosobranch Gastropods of the Cape Arago Region, Oregon
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In some areas, naturally occurring populations of snails

have a high and variable incidence of digenetic trematode

parasitism (Bourns, 1963). Several workers have shown
that digenetic trematode parasitism has a variable, but

direct influence on growth, pigmentation, reproduction,

morphology (Cheng & Snyder, 1962), respiration and
nitrogen metabolism (Duerr, 1965).

It is immediately obvious to anyone who has observed

a snail shedding thousands of digenetic trematode cer-

cariae, that the total mass of protoplasm under the shell

of an infected snail is not the same as the total mass of

protoplasm under the shell of a non-infected snail.

In spite of this, most ecological and physiological re-

search has been and is done without consideration of the

effects of digenetic trematode parasitism. There is a pau-
city of literature concerning the incidence and effects of

digenetic trematode parasitism on snails in general and on
Pacific coast snails in particular.

For the above reasons, the following survey was under-
taken in July of 1964 at the Oregon Institute of Marine
Biology, Charleston, Oregon.

Four hundred and seventy-four intertidal snails belong-
ing to five different genera — Tegula funebralis (A.
Adams, 1855), Thais lamellosa (Gmelin, 1792), Searle-

sia dira (Reeve, 1846), Calliostoma ligatum (Gould,
1846, and Littorina scutulata Gould, 1849 — were col-

lected from the South Cove of Cape Arago, Oregon.
These snails and 200 Olivella biplicata (Sowerby, 1825)

(collected from the Coast Guard Beach at Charleston,

Oregon) were brought to the laboratory, cracked open

and examined. The incidence and type (as far as possible

to determine at the laboratory) of trematode parasitism

was recorded. This information is given in the following

table.

It is interesting to note that some species of snails

are heavily infected and others are seemingly parasite

free. Until the natural history of these trematodes is

worked out, it is impossible to discuss more than super-

ficially the dynamics of parasitism in these mollusks.

It would seem that an intensive study of this sort and

a comparison of the incidence of digenetic trematode

parasitism from several locations on the Oregon coast

merits serious consideration in the future.

LITERATURE CITED
Bourns, T. K. R.

1963. Larval trematodes parasitizing Lymnaea stagnalis ap-

pressa Say in Ontario with emphasis on multiple infections.

Canad. Joum. Zool. 41: 937-941

Cheng, Thomas C. & Randall W. Snyder, Jr.

1962. Studies on host-parasite relationships between larval

trematodes and their hosts. I. A review. II. The utilization of

the host's glycogen by the intramolluscan larvae of Glypthel-

mins pennsyluaniensis Cheng, and associated phenomena.

Trans. Amer. Micr. Soc. 81: 209-228

Duerr, Frederick G.

1965. Unpublished thesis.

Number
Examined

Species %
Infection

Type of Infection

100 Tegula funebralis 0.0%
50 Thais lamellosa 0.0%
50 Searlesia dira 0.0%
100 Calliostoma ligatum 0.0%
224 Littorina scutulata 10.7% (24) 5 Xiphidiocercariae

12 Microcercous Cercariae

7 Cysticercous Cercariae

200 Olivella biplicata 41.0% (82) 58 Xiphidiocercariae

23 Microcercous Cercariae

1 Strigeid Cercariae
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NOTES & NEWS

U. M. E.

The second meeting of the Unitas Malacologica Europ-

aea will be a Congress and a Symposium on Malacology

and Parasitology. It will be held in Copenhagen, Den-

mark, from August 10th to the 14th this year, at the

Zoological Museum and at the Zoological Laboratory

of the Copenhagen University.

A program has been drawn up and a copy of it, as well

as pertinent information concerning the meeting may be

obtained by interested parties by writing to:

The Secretariat,

Universitetsparken 15,

Copenhagen 0, Denmark.
From the program it is evident that participation will

be truly international, including several well-known repre-

sentatives from the United States.

BOOKS, PERIODICALS, PAMPHLETS

Shelling in the Sea of Cortez

by Paul E. Violette

Published by Dale Stuart King ( Six-Shooter Gulch,

Route 4, Box 865, Tucson, Arizona 85704). Paper back

edition, $1.50. Pp. 96; 1964.

The aim of this book is to add to the enjoyment of a

trip to the shores of the Gulf of California (especially

the Guaymas area) by helping the visitor to learn about

where and how marine animals — especiallv seashells —
live. Although intended primarily for the tourist who
knows little or nothing about malacology, the book will

be useful to many who are more experienced, because

of its instructions on where and how to find the various

mollusks. It is written in a pleasantly informal style,

with occasional touches of humor and thoughts about

the age-old fascination of the sea.

Illustrations for this book are adequate for the purpose,

being line drawings for about 100 of the commonest
mollusks and a few other invertebrates, such as starfish,

sand dollars, and sea urchins. Three maps and several

photographs of collecting areas near Guaymas add to the

usefulness of the book.

Mr. Violette is a collector who has turned his hobby

to account by making his experiences available to others.

MK

Antarctic and Subantarctic Mollusca:

Amphineura, Scaphopoda and Bivalvia

by R. K. Dell. The Discovery Reports, Vol. XXXIII,

pp. 93 - 250, pits. II - VII, figs. 1-4; Cambridge Univer-

sity Press, 1964. Price: 5 pounds net.

The major portion of this report (pp. 132-231) deals

with Antarctic and subantarctic pelecypods but pages 231

to 234 are devoted to those of South Africa, Tristan da

Cunha and Gough Island, pages 234 - 237 to those of

New Zealand and Australia and pages 237 - 241 to those

of West Africa.

The discussion of the Amphineura (pp. 112-122) in-

cludes 8 families, 9 genera, 17 species, and that of the

Scaphopoda (pp. 122- 131) 2 families, 3 genera and 9

species, two of which are new.

The pelecypods are arranged in 38 families, 77 genera

and 1 59 species of which 1 1 are new, 9 are provisionally-

identified ("cf.") and 3 others are identified only as to

genus.

Excellent discussions are given of some of the complex

groups of small austral bivalves such as the Philobryidae,

Montacutidae, Cyamiidae and Limopsidae. Families rep-

resented by the largest number of species include the

Philobryidae (4 genera, 14 species), Cyamiidae (3 genera,

11 species), Limidac (4 genera, 9 species and one not

specifically identified), Veneridae (6 genera, 8 species),

Condylocardiae (2 genera, 8 species)

.

The author concludes that much of the Antarctic

molluscan fauna is essentially of deep-water origin.

Of special interest to west North American concho-

logists are the discussions of Phdobrya (in which are

included Hochstetteria Velain, 1877, Philippiella Pfef-

fer, 1886, Stempellaria Clasing, 1918, and Stempellia

Odhner, 1922. non Stempellia Leger & Hesse, 1910)

and illustrations of P. setosa Carpenter (pi. 4, figs. 3, 8;

figs. 2-17), Lima cf. L. subauriculata Montagu (p.

185), Hiatella solida Sowerby (pp. 224- 226), and

Hiatella cf. H. arctica Linnaeus (p. 226). The record

of Cardita spurca Sowerby from Mexico (p. 192) can be

referred to C. spurca beebei Hertlein, 1958, and that

of Macoma (Psammacoma) inornata Hanley from the
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Gulf of California (p. 220) is probably referable to a

similar but different species.

The discussions, synonymy and bibliography as well as

the illustrations will be an indispensable source for further

work on the molluscan units included in this paper.

LGH

Keys to Marine Invertebrates of the Woods Hole Region

Ralph I. Smith, Editor. Contribution No. 11,

Systematics-Ecology Program, Marine Biological Labor-

atory, Woods Hole, Massachusetts.

This collection of uniformly well illustrated keys to the

various phyla of invertebrates of the Woods Hole area will

be found most useful by all serious students of mollusks

since it allows one to become acquainted not only with

the species of one's immediate interest, but also with the

many associated forms.

Not only are all keys quite easily worked, but the excep-

tionally high quality of the clear drawings accompanying
them aids considerably. Moreover, they— the drawings—
are a delight to the eye.

The section on the Mollusca was written by Prof. W
Russell Hunter and Dr. Stephen C. Brown. This section

consists of a general introduction, followed by a brief

glossary, a list of references and the keys. These latter are

divided, we think, in a helpful way, into separate keys for

the various classes.. Finally, following each class-key, we
find an annotated list of the species more commonly
encountered at Woods Hole.
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Hawaiian Cowries

BY

CRAWFORD N. CATE

12719 San Vicente Boulevard, Los Angeles, California 90049

(Plates 4 to 10; 4 Maps)

INTRODUCTION
The Hawaiian Islands ve the eastern and northeastern

end-of-range for many or the Japanese, Philippine, and

Indo-Pacific Cypraea. Although most of the Hawaiian

species have been known for a long time it has been only

comparatively recently that the use of aqua lung diving

gear has made them readily accessible for study in their

varied kinds of habitat— coral reefs, coral boulders, coral

heads, coral rubble, lava shelves, submarine lava hills,

sand, and mud, separately or in innumerable combinations.

It is the purpose of this paper to bring together informa-

tion on all of the known Hawaiian cowrie species according

to the generally recognized taxonomic system of Schilder

& Schilder, 1938- 1939, and Schilder, 1941. It will men-

tion those forms now known to live in Hawaiian coastal

waters, additional Cypraea listed in the literature, a partial

synonymy of some species, some apparently new forms that

are presently being considered as new to the fauna, and

will collate many of the known population records for the

different species.

The Hawaiian localities, listed and numerically itemized

for each island, represent the combined collecting expe-

rience of many Hawaiian shell collectors. It can readily be

seen that Oahu collecting areas are the best known ; then

follow Maui and Kauai, the island of Hawaii, and Lanai.

The fauna of the latter two islands and of Molokai is

relatively little known
;
however, in recent years collectors

are devoting their attention to these areas. There remains

yet much to be accomplished in all the islands intertidally

as well as in deeper water.

Much of the early information on the Hawaiian Cyp-

raeidae is sparse and limited in scope. The literature ref-

erences in this paper are purposely restricted to the works

of relatively modern authors for the sake of simplification

;

Ostergaard's 1928 paper, which may be considered the

beginning study of this fauna, is our earliest reference.

In almost every instance I have had large series of shells

to work with. The measurements of the largest and

smallest shells used in my study have been given to afford

an idea of size variation in the species, although it is not

intended to suggest that larger or smaller specimens do not

exist. Size in Hawaiian cowries often varies from the norm,

and in a number of specific instances this character is

significant, as for example in Cypraea tigris schilderiana

Cate, 1961.

The Hawaiian cypraeids have been studied and collec-

ted by many of the great workers in malacology. Andrew
Garrett and William Harper Pease were the forerunners,

but the worker of today usually thinks first of Ditlev

Thaanum, D.B. Langford and Ted Dranga who were

perhaps the most able field collectors in the central Pacific

and Japan since the days of Garrett and Pease.

In more recent years Charles .Allen, Jens Ostergaard,

William Marcus Ingram, the Schilders, Alison Kay, Clif-

ton S. Weaver, C. M. Burgess, Robert Lee, Reginald and

Evelyn Gage, Mariel King, Tom Richert, Joan Demond
and others have contributed to the knowledge we have of

these shells today.

From time to time new species seemingly unrelated to

the known Hawaiian fauna are reported in the literature.

With Honolulu a recognized focal point for routes to the

south and west, one cannot help but wonder why more

forms of Cypraea are not introduced into these islands.

Glass floats, driftwood, and ship bottoms are likely vehicles

for transport. Burgess (1959) relates, "... there are

in my collection, collected by George Campbell. Cypraea

staphylaca and Cypraea cribraria; Cypraea cylindrica by

Spencer Tinker; and Cypraea clandestina by Charlie Boer-

ner, all of which lived on the bottom of U. S. N. concrete

barge YO-146. This barge was at Guam for five years,

then towed to Pearl Harbor in February 1950 and finally

drydocked on April 10, 1050 [sic — should read 1950].

Cypraea carneola, helvola and poraria were also found

on the bottom of this barge ..."
Aside from the known species listed in this paper,

authors have recorded other, questionable and unsubstan-
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tiated species which, according to our present knowledge

of the Hawaiian Cypraeidae, appear to be in error. To

mention a few: Pustularia bistrinotata sublaevis Schilder

& Schilder, 1938; Talparia (Aristorid.es) argus (Linnae-

us, 1758) [Baldwin, 1898]; Lyncina ventriculus (La-

marck, 1810) (= Lyncina schilderorum Iredale, 1939) ;

Staphylaea staphylaea (Linnaeus, 1758) ; S. limacina

limacina (Lamarck, 1810) ; Arabica arabica (Linnaeus,

1758) ; and A. depressa (Gray, 1824).

Baldwin ( 1898) ,
formerly of Haiku, Maui, published a

list of 36 species of Cypraea and six of Trivia. This, I

believe, represents one of the first such lists of Hawaiian

cowries. He states that those known to him personally are

indicated with an asterisk: "Cypraea annae Roberts,

limacina Lamarck, spadix Mighels, semiplota Mighels,

staphylaea Linn., and unifasciata Mighels." The lack

of knowledge of these species is comprehensible enough,

but even so it would be interesting to have explained his

personal "acquaintance with" "Cypraea argus Linne,

errones Linne, microdon Gray." It is apparent that some
species were misidentified, or came to him with question-

able locality data. An unillustrated list can at times not

mean very much, as is shown in this instance, especially

when new identifications are added to a fauna for the first

time.

Purposely omitted from the present report are two

species belonging to the genus Pustularia Swainson, 1840.

One of these approaches P. cicercula cicercula (Linnaeus,

1758), the other P. globulus globulus (Linnaeus, 1758).

I have examined many specimens of these shells and

concur with Dr. Alison Kay of the University of Hawaii

(personal communication) who is presently working with

them, that additional research regarding both forms is

necessary in order to determine their true taxonomic

status.

In conclusion I would like to mention that during the

years I have worked with the Hawaiian cowries many
Hawaiian shell collectors have befriended and assisted me.

Aside from those I have already mentioned I wish also to

thank Dr. Myra Keen, Evelyn Gage, Jean Bromley, Elisa-

beth Harrison, Mr. and Mrs. Joseph Kern, Dr. Gladys

Osborne, Eileen Webster, Mr. and Mrs. Shigeki Tamura,

Alan Tiedeman, Sandra Gage, and John Duarte for field

help, ecological data, and specimens; lastly, but not least

Jean Cate, who in many helpful ways, has added much
to the ultimate completion of this paper.

* alleni 52

amiges 55

* annae 51

* annulata. . . 49
* arenosa 60

* atriceps 56

barthelemyi 54

beckii 50

caledonica 58

calxequina 57

caputophidii 53

caputserpentis 53

carneola 59
* carneola 59

cernica 52

childreni 50

chinensis 55

controversa 56
* cruenta 55

erosa 54

fimbriata 54
gaskoini 56

gemmosa 51

SPECIES INDEX
* denotes synonym

granulata 51

* hawaiiensis 52

hawaiiensis 53

helvola 53
* honoluluensis 51

isabella 56

kenyonae 7
s 53

labrolineata 52

lactescens 54
* latior 55

leviathan 59

limacina 51

lynx 58

maculifera 57
* madagascariensis 51

mariae 49

marielae 52

mauritiana 57

moneta 54

nucleus 51

ostergaardi 52
* pacifica 52

pellucens 55

* polita 51

polynesiae 58

poraria 53

propinqua 59

rashleighana 55

* reticulata 57

retifer 57

saturata 56

scarabaeus 53

schilderiana 58

schilderorum 60

scurra 57

semiplota 51

* spadix 51

sulcidentata 59

talpa 56

teres 55

testudinaria . 58

tessellata 49

tigris 58

* trigonella 49

unifasciata 54

vitellus 58
* waikikiensis 55
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LOCALITY LISTS

OAHU

1. Ala Moana Reef

2. Barber's Point

3. Black Point

4. Coconut Island

4a. Diamond Head
5. Entrance to Pearl

Harbor
6. Ewa
8. Fort Kamehameha

Reef

9. Haleiwa

9a. Hanauma Bay

10. Honolulu Harbor
11. Kaaawa
12. Kahala

13. Kahuku Point

14. Kailua Bay
15. Kaneohe Bay
16. Kaohikaipu Island

17. Keehi Lagoon
18. Kevvalo Basin

19. Koko Head
20. Kualoa Point

20a. Kahuku Reef

43. All off-shore

20b. Lanikai

21. Makaha
22. Makapuu Point

23. Makua
24. Mokolea Rocks

24a. Mokulua Islands

25. Mokumanu Island

27. Nanakuli

28. Paumaluu

29. Pearl Harbor

29a. Pokai Bay

30. Punaluu

31. Pupukea

32. Rabbit Island

areas where there is coral

33. Sand Island

34. Sandy Beach

35. Second Entrance to

Pearl Harbor

35a. Second Entrance to

Honolulu Harbor

36. Sharks Cove

37. Sunset Beach

38. Waialae

Waianae

Waikiki

41. Wailua Bay
= Kaiaka Bay

42. Waimea Bay

39

40

BARBERS PT

HANAUMA
NALUA BAY

BAY KOKO HEAD

la
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MAUI

49. Auau Channel

50. Baldwin Park (Paia) (Beach Shells)

50a. Black Rock

50b. HaioBay
51. Hana (various places)

52. Hanakaoo, Lahaina (20 feet, under coral)

53. Kaanapali (20 feet, under coral)

54. Kaleia (A), Maalaea Bay (Beach Shells)

55. Kaleia (B), Maalaea Bay (10 feet, under coral)

56. Kanaio, Maalaea Bay (20 feet, under coral)

57. Kamaole, Maalaea Bay (40 feet, under sunken log)

58. Keanapaakai Point (McGregor Point), Maalaea Bay

(20 feet, under coral)

59. Keawakapu (20 feet, under coral)

60. Keawanui (A), Maalea Bay (15 feet, under coral)

61. Keawanui (B), Maalaea Bay (40 - 50 feet, in algae)

62. Kihei (beach shells and from reef)

63. Lahaina (Cowry Bay)

64. Makena (A) (20-40 feet, under coral)

65. Makena (B) (6 feet, under coral)

66. Makena (C) (under 6 inches of water, on reef)

67. Makila, Lahaina (60 feet, under coral)

68. Mala (A), Lahaina
(
feet, under coral)

69. Mala (B), Lahaina (20 feet, under coral)

70. Maluaka (A), Makena (20 feet, under coral)

71. Maluaka (B), Makena (90 feet, a dead shell)

72. Molokini Island (30 feet, under coral)

73. Napili, Hawea Point (30 feet, under coral)

74. Olowalu (A) (30 feet, under coral)

75. Olowalu (B) (15 feet, under coral)

76. Paia (see Baldwin Park)

77. Papawi Point, Maalaea Bay (50 feet, under coral)

78. Waiohuli, Maalaea Bay (2 feet, under rocks)

79. All off-shore areas where there is coral

85. Anahola

86. Ahukini

87. Hanalei

88. Haena
89. Kalihiwai

KAUAI

90. Kapaa
91. Kekaha

92. Koloa

93. Lawai

94. Nawiliwili

95. Port Allen

96. All off-shore areas where there is coral

HAWAII

(see Map Page 49)

100. Hilo

101. Honaunau
102. Hookena

103. Kahaluu (Kona)

104. Kailua (Kona)

105. Kawaihae
106. Kawaiho
106a. Keei

107. Kiholo

108. Kona
109. Napoopoo

110. Puako

111. South Kohala

112. Milolii

113. Wailea Beach

(Awaeli Harbor)

114. Waikailio Bay

LA PEROUSE BAYfci

115. All off-shore areas where there is coral

Other Islands

Lanai

120. Halepalaoa Landing

125. Midway Island

127. Ocean Island

129. Laysan Island
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Figure 1

b

Figure 1 a

Pustularia mariae Schilder, 1935

Figure 2 a Figure 2 b

Pustularia tessellata (Swainson, 1822)

Figure 3 a Figure 3 b

Pustularia c. childreni (Gray. 1825)

Figure 4 a Figure 4 b

Paulonaria b. beckii (Gaskoin, 1836)

Figure 5 a Figure 5 b

Staphylaea semiplota (Miohels, 1845)

Figure 6 a Figure 6 b

Staphylaea nucleus gemmosa (Perry, 1811)

Takeo Suzuki, photo.
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WA ILEA

The Cowries

Cypraeidae

Pustularia Swainson, 1840

(Annepona Iredale, 1935)

1. Pustularia (Annepona) mariae Schilder, 1927

Arch. Naturgesch. 91, Abt. A ( 10) : 104

(see Plate 4, figures la, lb)

Syn.: Cypraea annulata (Gray, 1825, nom. nud.) Gray, 1828

Tinker, 1958 Kay, 1961

Kay & Weaver, 1964, p. 96

Localities

:

Oahu 4a, 5, 28, 37, 42;

Maui 50, 62;

Hawaii 105

L W H lip col

Largest shell: 203 113 12.7 39 28

Smallest shell: 13.1 8.5 7.7 38 30

Five specimens were examined 1
. All shells were beach

collected or subfossil specimens from dredge tailings. Two

were collected in beach drift at Pomaluu and Sunset

Beach, Oahu; a dead specimen was taken from coral in

150 feet of water off Waikiki, another at 120 feet in coral

rubble off Diamond Head. Still others were collected in

Pearl Harbor dredge tailings about 1915 by Morris Schick

of Glendale, California. - This species is very rare in

Hawaii, and to my knowledge has never been collected

there alive.

(Pustularia Swainson, 1840)

2. Pustularia (Pustularia) tessellata (Swainson, 1822)

Zool. Illust., vol. II, pi. Ill

(see Plate 4, figures 2a, 2b)

Syn. -.Cypraea trigonella Blainvtlle, 1826; Diet, des Sci. Nat,

43: 25

Schilder, 1933, 1941 Schilder & Schilder, 1938 - 1939

Ostergaard, 1928, 1939 Ingram, 1939, 1947

Demond, 1954 Kay, 1959, 1961, 1963b

Kay & Weaver, 1962, p. 76

Localities

:

Oahu 1, 4a, 5, 6, 9, 14, 21, 22, 23, 24, 27, 32, 35, 35a, 36,

37, 40, 42

Maui 53, 56, 58, 63, 66, 73

Kauai 86, 91, 95

Hawaii 105

Lanai 120

Midway 125

Ocean 127

L W H lip col

Largest shell: 45.3 31.8 26.5 38 33

Smallest shell: 23.0 15.9 12.5 29 21

I have examined over 100 live collected specimens and

numerous beach and subfossil shells. Hawaiian for the

most part, the range of the species extends into the north-

west as far as Midway and Ocean Islands. Although

it was previously thought to be strictly endemic to these

islands, Kay, 1959, reports that John Roberts, Hilo, col-

lected Pustularia tessellata at Enderbury Island. Ditlev

Thaanum gave me a specimen (25.6, 17.8, 13.9, 26, 22)

that he had collected at Ocean Island in 1907. Mr. VD. R
Spicer procured the Midway Island shell (25.8, 18.1, 14.9,

26, 21) from coral dredge tailings in 1941. In the Oahu
environment the mollusk lives in dead coral heads and

1
all measurements are in millimeters; L = length; W = width;

H = height of shell
;
lip = number of teeth on outer lip ; col. =

number of teeth on columella excluding terminal ridge
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under dead coral boulders. It seems to be impartial as to

any limited benthic range ; it has been collected at Waikiki

in depths from 5 to 150 feet. However, a depth of 25 to 40

feet appears to be the most typical range. Although a great

number of living specimens has been collected since the

advent of SCUBA gear, the species still must be regarded

as uncommon to rare. It has been authoritatively stated

that one might find two P. tessellata in one day's diving

and then not another one will be seen for several months.

There is an unnamed color variation of P. tessellata that

is of a deeper brown than the usual taupe color.

{Ipsa Jousseaume, 1884)

3. Pustularia (Ipsa) childreni childreni (Gray, 1825)

Zoological Journal 1: 518

(see Plate 4, figures 3a, 3b)

Schilder, 1933, 1941 Schilder & Schilder, 1938- 1939

Demond, 1954 Kay, 1961

Kay & Weaver, 1964; p. 96 - Haleiwa, Oahu, Mrs. Ursula Wade

Localities:

Oahu 9, 10, 17, 41

Hawaii 105

L W H lip col

Largest shell: 26.3 16.6 13.1 30 28

Smallest shell

:

24.3 15.1 12.3 35 26

Five specimens were examined. This species is uncommon
throughout is known range, and is particularly rare in

Hawaiian waters. The western shells from the Philippines

and the China Sea appear to be smaller than those found

here. Collecting a living example of this species is a rare

accomplishment even in its typical locality. Dead shells

may be seen in most collections; these are in sharp color

contrast to the rich, glossy, light brown of the live-taken

specimens. The two subfossil shells whose measurements

are listed were collected by Morris Schick, about 1915,

from the dredge tailings in the early deepening of Pearl

Harbor. Of all of the Cypraea, Pustularia (Ipsa) childreni

childreni is the only Recent species whose basal teeth cross

the margins, encircling the shell to form a transversely

ribbed dorsal surface. Reeve, 1846, states, "This is the

only species presently known with the peculiar wing-like

appendages ... at the base of the extremities."

Paulonaria Iredale, 1930

4. Paulonaria beckii beckii (Gaskoin, 1836)

Proc. Zool. Soc. London 3: 203

(see Plate 4, figures 4a, 4b)

Gage, 1961 Weaver, 1965

Localities:

Oahu 28

Maui 49

L W H Hp col

Largest shell: 1U 6A 5A 21 18

( above shell from Maui, the others from Paumaluu)

10.3 5.9 5.1 20 16

Smallest shell: 9.1 5.8 4.7 17 16

Three specimens were examined. The two shells cited in

Gage, 1961 were personally examined by me, as was one

of the three collected alive by Charles Brugman and Bert

Smith in the Auau Channel beteen northwest Maui and

the island af Lanai (approximately Lat. 20° 51' N and

Long. 156° 04' W). This species is rare in Hawaii.

On December 23, 1960 Mrs. Evelyn Gage picked up a

dead shell washed in on the beach at Paumaluu, Oahu.

The second shell, found on the same beach, was collected

by Reginald Gage. Both specimens, though beach worn

and eroded, were still recognizable as Paulonaria beckii

beckii, a species hitherto known only from Queensland,

the Philippines, the Gilbert and Marshall Islands, the

closest approach for the species being some 3400 miles to

the west. These two shells represented a remarkable east-

ward extension of range for the species. In March of 1965

a diver working in the Auau Channel in 170 feet of water

removed a black coral from the top of a pinnacle rising up

from the ocean floor. The coral was carried to the surface

and deposited on deck of the boat, at which time three

living specimens of P. b. beckii fell out.

The shell is small, elongate ovate
;
aperture long, narrow,

nearly straight, curving perceptibly adapically; terminal

ridge slightly angled; apex just visible, shallowly, barely

umbilicate, brown spot within; front and rear terminal

collars well defined, extended into beaks, more so in front.

Labial teeth well defined, right-angling well up onto the

base; columellar teeth very short, confined to angle with

the base ; adaxial surface of the columella smooth, declin-

ing into a shallow fossula at the front, three bold, knob-

like teeth on the front adaxial margin of the fossula.

Lateral margins of the shell thickened, the right one more
so, sharply angled, flaring out noticeably in front as it

approaches the terminal collar. Dorsal inductura smooth,

glossy, a dark, rich cafe-au-lait color, becoming lighter

in shade on the base; basic shell color thickly covered

with fine, though distinct, white spots; larger brown spots,

fewer in number, additionally cover the dorsal surface

extending well down over the lip and base; teeth and
interstices nearly white; that portion of the labial teeth

extending onto the base proper is brown; extension of

columellar teeth onto the base also brown, even though
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Figure 7 a Figure 7 b

Nuciearia granulata (Pease, 1862)

Figure 8 a Figure 8 b

Erosaria cernica marielae (Cate, 1960)

Figure 9 a Figure 9 b

Erosaria I. labrolineata (Gaskoin, 1849)

Figure 10 a Figure 10 b

Erosaria ostergaardi (Dall, 1921)

Figure 11a Figure 1 1 b

Erosaria helvola hawaiiensis (Melvill, 1888)

Figure 1 2 a Figure 1 2 b

Erosaria caputserpentis caputophidii Schilder, 1927

Takeo Suzuki, photo.
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only perceptibly so; this color becoming almost obsolete

at the midway point of the columella length.

Staphylaea Jousseaume, 1884)

(Staphylaea Jousseaume, 1884)

5. Staphylaea (Staphylaea) semiplota (Mighels, 1845)

Proc. Boston Soc. 2: 24

(see Plate 4, figures 5a, 5b)

Syn: Cypraea spadix Mighels, 1845

Cypraea polita Roberts, 1868

Cypraea annae Roberts, 1869

Schilder, 1933, 1941 Schilder & Schilder, 1938- 1939

Ingram, 1936, 1939, 1947 Demond, 1954

Tinker, 1958, p. 74; p. 78 = Cypraea annae

Burgess, 1960a Anonymous, 1961

Kay, 1961, 1963a Kay & Weaver, 1964, p. 96

Localities:

Oahu 3, 4, 10, 12, 15, 17, 19, 20, 22, 23, 28, 39, 40, 41

Maui 50, 54, 62

Kauai 91, 92

Midway 125

L W H lip col

Largest shell: 31.1 18.4 14.5 24 23

Smallest shell: 9.9 6.2 4.0 16 13

Eleven live-collected and nearly 200 subfossil specimens

were examined. One wonders what change in ecology

and environment has taken place to almost remove this

once apparently abundant species from the present Hawai-

ian molluscan fauna. It is not uncommon to find fairly

dense deposits of the subfossil shells of this species, yet

it is a rare occasion when a living example is collected

today; and then the shell is usually smaller and differs

in shape as well from the fossil form.

This apparently endemic species, distinct morpholo-

gically from the other Hawaiian forms, is most closely

related to the more westerly species Staphylaea limacina

limacina (Lamarck, 1810). Ingram (1936) clearly

separates S. semiplota from the the synonyms of Roberts;

he observed "The lack of notable structural differences,

and the fine intergradations in structural proportions as

a result of individual variation, call, in my opinion, for

the reduction to synonymy of two of the specific names."

I have a series of 25 shells (Cate no. 2845) all collected at

the same locality (Maalea, Maui) in which the morpho-
logical variation in this species is clearly demonstrated.

Kay (1963b, p. 4) explains the origin of this species and
mentions the selection of a neotype to replace the holotype

that was destroyed by fire in January 1854. It should be
noted that this and many other neotypes of Mighel's

species are now in the Museum of Comparative Zoology,

Harvard University.

(Nuclearia Jousseaume, 1884)

6. Staphylaea (Nuclearia) nucleus gemmosa

(Perry, 1811)

Conchol. Nat. Hist. Shells, pi. 23, spec. 5, text spec. 6

(see Plate 4, figures 6a, 6b)

Schilder, 1933, 1941 Schilder & Schilder, 1938 - 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961

Kay & Weaver, 1963, p. 92

Localities

:

Oahu 10, 35a

L W H lip col

Largest shell: 18.2 11.1 8.7 22 17

Smallest shell: 15.2 9.7 7.8 21 16

Five shells have been examined, four of which were

dredged from Honolulu Harbor and collected by L. C.

Gulley, about 1916. The fifth specimen (27.2, 16.5, 13.1

24, 22 ) was collected by Mrs. Jean Lee, Honolulu, in the

spring of 1960 from the dredge tailings in the deepening

of the second entrance channel to Honolulu Harbor. It

is a dull appearing, subfossil shell while those found by

Mr. Gulley retain the peculiar gloss so often evident in

many of the Hawaiian cypraeids. A live-collected shell has

been reported by Kay & Weaver, 1963.

Staphylaea (Nuclearia) nucleus gemmosa is rare in

these islands, which appear to be the northeastern end

of its range of distribution.

7. Staphylaea (Nuclearia) granulata (Pease, 1862)

Proc. Zool. Soc. London 1862: 278; Nov. 25

(see Plate 5, figures 7a, 7b)

Syn.: Cypraea madagascariensis Sowerby, 1823

Cypraea (Trivia) honoluluensis Melvill, 1888

Ostergaard, 1928, 1939, as Cypraea madagascariensis

Ingram, 1939, 1947, as Cypraea madagascariensis

Schilder, 1933, 1941 Schilder & Schilder, 1938- 1939

Demond, 1954, as Cypraea madagascarensis [sic]

Tinker, 1958 Burgess, 1960b

Anonymous. 1960a Kay, 1961

Kay & Weaver, 1963, p. 92

Localities:

Oahu 4a, 6, 9, 13, 14, 22, 23, 24, 27, 32, 36, 37, 40. 42

Maui 51, 52, 54, 56, 58, 59, 61, 62, 66, 72, 73, 74

Kauai 85, 86, 87, 90, 91, 92, 94, 95

Hawaii 101

Lanai 120

Midway 125

L W H lip col

Largest shell: 35.3 24.4 14.9 24 24

Smallest shell: 18.6 13.5 8.7 20 14
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A large number of live collected shells as well as dead

beach and subfossil shells has been examined. It appears

to be an endemic species, quite commonly found in sand

and under and in dead coral heads in from 10 to 50 feet

of water. Although the shape of the adult shell is fairly

constant, it also strongly resembles both Staphylaea

nucleus gemmosa (Perry, 1811) and Pustularia c. child-

reni (Gray, 1825), the former being granularly pustulose,

the latter denticularly ribbed, with the teeth crossing the

base of the shell over the margins, extending transversely

onto the dorsum to become weak and obsolete amid the

profusion of pustules concentrated there. Only a few years

ago a live collected shell was a rarity, but with the advent

of modern diving techniques S. (N.) granulata is now
considered a fairly common species.

Erosaria Troschel, 1863

(Ravitrona Iredale, 1930)

8. Erosaria (Ravitrona) cernica marielae (Cate, 1960)

The Veliger 3(1): 3-7; pit. 1

(see Plate 5, figures 8a, 8b)

Anonymous. 1960b Kay, 1961

Kay & Weaver, 1963, p. 88

Localities:

Oahu 2. 4a, 17, 40

Maui 63

Kauai 92

L W H lip col

Largest shell:

( holotype

)

Smallest shell:

37.0

14.4

23.3

8.8

18.5

7.3

20 19

Fifteen shells, dead or subfossil from beach or dredging

stations have been examined. The specimen from Kauai
was collected alive (personal communication, from John
Duarte, Lihue). This species is rare in Hawaii. The Poly-

nesian race of Erosaria cernica cernica (Sowerby, 1870)

came into prominence during the summer of 1959 when
the Pele I Expedition, dredging at 80 fathoms on a coral

rubble bottom in Keehi Lagoon, Oahu, recovered a number
of well-preserved subfossil shells. On another occasion

during the same summer in the Maui - Molokai - Lanai

ocean triangle more specimens were dredged from a mud,
broken bivalve, and coral bottom in 50 fathoms of water.

The holotype of E. cernica marielae, from this last men-
tioned locality, is in the type collection of the Bernice E
Bishop Museum, Honolulu, bearing the catalogue number
212711; Lahaina, Maui, is the type locality. Other races

of E. cernica exist in Japan and the Ryukyu Islands, East

Australian Region, Dampierian Region, with the range

of the typical species being East Africa.

9. Erosaria (Ravitrona) labrolineata labrolineata

(Gaskoin, 1849)

Proc. Zool. Soc. London for 1849: 97 (13 March 1849)

(see Plate 5, figures 9a, 9b)

Burgess, 1964

Locality

:

Oahu 40

Shell measurement: 22 mm length

I have not seen this shell. According to Burgess, 1964, a

single dead specimen he identified as this species was

dredged off Waikiki at 200 fathoms from a mud and

coral bottom. This would, as he states, establish a new
record for Hawaii and thus extend its presently known
range considerably. Palau and Japan now appear to be

the nearest recorded localities for this species. Along

with other recorded species, Mauritia arabica arabica

(Linnaeus, 1758) and Staphylaea limacina limacina

(Lamarck, 1810) it should probably, for the time being,

be considered a "provisional species" in Hawaii pending

additional discoveries and substantiations. Comparable

to the finding of this shell in the Pele II Expedition

dredging is that of dredging living Monetaria moneta

moneta (Linnaeus, 1758) off the Florida coast in the

Gulf of Mexico a few years ago, a completely foreign and
unlikely habitat for this latter mollusk.

10. Erosaria (Ravitrona) ostergaardi (Dall, 1921)

The Nautilus 35 (2) 50 (October)

(see Plate 5, figures 10a, 10b)

Syn: Cypraea pacifica Osteroaard, 1920

Cypraea alleni Ostergaard, 1950

Schilder & Schilder, 1938 -39 as Ravitrona hawaiiensis

Allan, 1956 as Ravitrona helvola alleni

Ingram, 1939, 1947 Tinker, 1958

Burgess, 1960b Cate, Cate & Weaver, 1960

Gage, 1960 Summers, 1960

Kay & Weaver, 1963, p. 88

Localities

:

Oahu 9, 10, 17, 28, 40, 41

Kauai 94

Midway 125

L W H lip col

Largest shell: 20.3 15.6 10.5 21 17

Smallest shell: 12.5 8.1 6.6 16 13

Seven shells were examined, one of which was collected

alive. It is apparently rare in and endemic to Hawaii,
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Figure 13a Figure 13b

Erosaria poraria scarabaeus (Bory, 1827)

Figure 1 5 a Figure 15 b

Monetaria moneta barthelemyi (Bernard^ 1861'

Figure 14 a Figure 14 b

Erosaria erosa lactescens (Dautzenberg & Bouge, 1933)

1

Figure 16 a Figure 16 b

Palmadusta fimbriata unifasciata (Mkjhels, 1845)

Figure 17a Figure 17b

Cribraria teres pellucens (Melvile, 1888)

Figure 18 a Figure 18 b

Cribraria latior (Melvill, 1888)

Takeo Suzuki, photo.
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and evidently lives in deep water. Only two live collected

specimens are presently known to exist. The first was

collected by Mr. Charles A. Allen of Honolulu, dredged

one mile from Nawiliwili, 1500 yards off the leeward

shore of Kauai. The second specimen, dredged by the Pele

I Expedition in the summer of 1959, is now in the C. M.
Burgess collection. Honolulu. Some years earlier Oster-

gaard (1920) described a subfossil shell of this species

as Cypraea pacifica. Dali. (1921) noted that this name
was preoccupied by Pusula niveria pacifica Gray, 1832

(or Trivia) and renamed it "ostergaardi after its discov-

erer." Erosaria (Ravitrona) alleni (Ostergaard, 1950)

is identical (see Gate, Cate & Weaver, 1960) . The Pele I

shell was dredged in approximately 60 fathoms in Keehi
Lagoon, Oahu, from a coral rubble substrate. Additional

shells considered in this study were collected by Mr. Philip

Spicer at Midway Atoll in 1941, from dead coral heads

dredged in 30 feet of water.

11. Erosaria (Ravitrona) helvola hawaiiensis

(Melvill, 1888)

Mem. Proc. Manchester Soc. England, Ser. 4; 1 (5) : 226

(see Plate 5, figures 11a, lib)

Ostergaard, 1928, 1939 Schilder, 1933, 1941

Schilder & Schilder, 1938 - 1939 Ingram, 1947

Demond, 1954 Tinker, 1958

Kay, 1961 Kay & Weaver, 1963, p. 88

Localities:

Oahu 1, 3, 6, 14, 21, 22, 23, 24, 27, 29, 40, 43
Maui 52, 53, 54, 55, 56, 58, 59, 61, 67, 73, 74, 78

Kauai 85, 86, 87, 90, 91, 92, 93, 94, 95

Hawaii 103, 108, 113

Lanai 120

L W H lip col

Largest shell

:

27.9 19.3 14.1 19 16
Smallest shell

:

12.4 9.0 6.7 13 11

Over 300 shells have been examined. This is probably
the most abundant cowrie species in Hawaii. Its ancestry
in these islands traces back to at least the late Pleistocene,
as seen in the fossil deposits of Oahu, Maui, and Molokai
(Ostergaard, 1928, 1939). Living in coral heads and
under coral boulders usually, it can be found from the low
tide mark down to at least 60 feet. Melvill described
this "var. nov." from a shell "pellucid, shining, straw-col-
ored on both sides," also stating that it came from the
Sandwich Islands. Schilder & Schilder (1938- 1939)
have accepted Melvill's name to represent the Hawaiian
form as a geographical race for the species. Thirty-eight
living specimens were collected by C. S. Weaver 300 yards
northwest of Mokolea Rocks, Kailua Bay, Oahu, in dead

coral and under lava rocks. I designate this as the type

locality for this species.

12. Erosaria (Ravitrona) caputserpentis caputophidii

Schilder, 1927

Arch. Naturgesch. 91, Abt. A ( 10) : 108

(see Plate 5, figures 12a, 12b)

Ostergaard, 1928, 1939 Schilder, 1933, 1941

Schilder & Schilder, 1938 - 1939 Ingram, 1947

Demond, 1954 Tinker, 1958

Kay, 1960b, 1961 Kay & Weaver, 1963, p. 92

Localities

:

Oahu 1, 8, 9a, 11, 19, 20, 29, 40, 43

Maui 74, 79

Hawaii 114, 115

Kauai 96

Lanai 120

L W H lip col

Largest shell: 36.0 26.5 18.5 18 14

Smallest shell : 20.2 14.8 10.5 15 12

A large number of these shells has been examined. It can

be collected at almost any littoral locality where there is

coral or a reef habitat. It is a very abundant species and

must have been among the earliest molluscan inhabitants

of the Hawaiian shores, as evidenced by the earliest Island

fossil deposits. Erosaria caputserpentis caputophidii re-

sembles the Dampierian E. caputserpentis kenyonae

Schilder & Schilder, 1938. by its fairly large teeth, the

semi-swollen base, and the brown coloring of the base

and interstices; missing, however, are the white star-like

markings on the dorsum, and the Hawaiian race is much
more pyriform than ovate.

[Erosaria Troschel, 1863)

13. Erosaria (Erosaria) poraria scarabaeus (Bory, 1827)

Encycl. Meth. 1: 164; pit. 356, 3: fig. 4

(see Plate 6, figures 13a, 13b)

Schilder, 1933, 1941 Schilder & Schilder, 193R - 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961

Kay & Weaver, 1963, p. 88

Localities

:

Oahu 14, 23, 24, 33, 40, 43

Maui 52, 53, 57, 58, 63, 73, 74

Kauai 85, 86, 87, 90, 91, 92, 94, 95

Hawaii 101

Seventeen shells were examined. The species is fairly

common in Hawaii. It is interesting to find completely
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L W H lip col

Largest shell: 21.1 15.0 10.9 22 15

Smallest shell: 14.5 10.0 7.8 18 14

adult specimens sharing the same dead coral head, eating

the same food, yet being widely variable in size. Shells of

this species are seen more often as beach specimens; it

has not been reported from the island fossil deposits.

14. Erosaria (Erosaria) erosa lactescent

(Dautzenberg & Bouge, 1933)

Journ. de Conchyl. 77: 274

(see Plate 6, figures 14a, 14b)

OsTERGAARD. 1928 SCHILDER, 1933, 1941

schilder & schilder, 1938 - 1939 ingram, 1947

Demond, 1954 Tinker, 1958

Kay, 1961 Kay & Weaver, 1963, p. 88

Localities:

Oahu 10, 18, 27, 29, 35, 35a, 40

L W H lip col

Largest shell: 49.2 30.5 22.1 21 12

Smallest shell: 33.6 20.7 15.1 14 14

One live collected and 114 subfossil shells were examined.
Apparently a common species at one time, it is now very

rare as a live-collected shell. I know of only four such
shells in Hawaiian collections. For the most part the shells

considered in this report were given to me by Jean and
Robert Lee (Honolulu), dredged from a restricted area
of ocean bottom off the Ala Moana Park - Honolulu
Harbor shore. All were bleached white, except for the
wide transverse marginal brown band typical of the spe-

cies; though somewhat faded, this band still remains. Al-
though the species has lived in these waters for many
years, little is known about it. A gigantic specimen of
Erosaria erosa lactescens (57.5, 31.0, 24.8, 22, 13) (Cate
Coll. no. 388) was collected by John Roberts (Hilo) at

Eniwetok, Marshall Islands. The physical characters of
the shell seem to parallel very closely those of the Hawai-
ian form. It appears that the species in this latter locality

may be on its way to extinction. Collection reports on the
few known live-taken shells indicate a shallow water
habitat. I designate the shore approach to the second
entrance to Honolulu Harbor as the type locality for this

species.

Monetaria Troschel, 1863

(Monetaria Troschel, 1863)

15. Monetaria (Monetaria) moneta barthelemyi

(Bernards 1861

)

Journ. de Conchyl. 9: 48; pit. 1, figs. 4, 5

(see Plate 6, figures 15a, 15b)

Schilder, 1933, 1941 Schilder & Schilder, 1938- 1939

Ingram, 1954 Tinker, 1958

Kay, 1961 Kay & Weaver, 1963, p. 92

Localities

:

Oahu 1, 4, 8, 19, 20, 22, 27, 33

Maui 74

Kauai 86, 91,95

Hawaii 101, 103, 105, 108, 113

L W H lip col

Largest shell

:

24.5 19.8 12.4 12 10

Smallest shell: 21.0 14.8 10.3 10 11

Eleven live-collected shells were examined. This species

is uncommon to rare in Hawaii. The Island of Hawaii

appears to be the most favorable locality, as the species

seems to be more commonly found there than in the

other islands. The limits of the northern and eastern range

for these animals are not well defined as occasional findings

have been reported from the West-Mexican coast as far

north as Mazatlan; the species in Clipperton Island

is well established, and unverified reports place it as living

also in the Galapagos Islands.

Palmadusta Iredale, 1930

(Purpuradusta Schilder, 1939)

16. Palmadusta (Purpuradusta) fimbriata unifasciata

(Mighels, 1845)

Proc. Boston Soc. 2: 25 (January)

(see Plate 6, figures 16a, 16b)

Schilder, 1933, 1941 Schilder & Schilder, 1938- 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961

Kay & Weaver, 1963, p. 84

Localities:

Oahu 2, 4a, 8, 9a, 15, 22, 23, 24, 36, 40, 43

Maui 52, 53, 54, 56, 59, 61, 66, 72, 73, 74, 78, 79

Kauai 85, 86, 87, 90, 92, 94, 95

Midway 125

L W H lip

Largest shell: 13.6 7.0 5.5 20

Smallest shell: 9.0 4.9 3.9 18
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Figure 19 a Figure 19 b Figure 20 a Figure 20 b

Cribraria rashleighana (Melvill, 1888) Cribraria chinensis amiges (Melvill & Standen, 1915)

Figure 21a Figure 21b Figure 22 a Figure 22 b

Cribraria gaskoini (Reeve, 1846) Luria isabella controversa (Gray,, 1824)

Takeo Suzuki, photo.
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Over 60 live-collected shells have been examined. The

species is fairly common in a benthic range of from 20 to

60 feet of water, living in coral. I was with Mr. C. S.

Weaver when he collected a pair 200 yards northwest of

Mokolea Rocks, Kailua Bay, in 60 feet of water. Also

collected in the same area at the same time were Cribraria

teres pellucens (Melvili., 1888). Pustularia tessellata

(Swainson, 1822), Erosaria helvola hawaiiensis (Mel-

vill, 1888), E. poraria scarabaeus (Bory, 1827) and Sta-

phylaea granulata (Pease, 1862). On this particular day

we were looking for Cypraea tigris schilderiana Cate,

1961, which is known to live in this bottom area, but none

were found. Palmadusta waikikiensis Schilder, 1933, ap-

pears to me to be a variation of P. fimbriata unifasciata,

and is here treated as a synonym of this species.

Cribraria Jousseaume, 1884

(Talostolida Iredale, 1931)

17. Cribraria (Talostolida) teres pellucens

(Melvill, 1888)

Mem. Proc. Manchester Soc, ser. 4, 1 (5) : 218

(see Plate 6, figures 17a, 17b)

Syn.: Cypraea latior Melvill, 1888 (see our pit. 6, figs. 18a, 18b)

Schilder, 1933, 1941 Schilder & Schilder, 1938 - 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961

Burgess, 1962a Kay & Weaver, 1963, p. 84

Localities

:

Oahu 7, 8, 9, 14, 18, 22, 27, 36, 39, 40, 42, 43

Maui 52, 53, 54, 55, 56, 59, 61, 66, 72, 73, 74, 75, 79

Kauai 85, 86, 87, 90, 92, 94, 95, 96

Lanai 120

Midway 125

Laysan 129

L W H lip col

Largest shell: 37.8 21.1 16.8 26 28

Smallest shell: 16.6 9.0 7.0 19 23

Thirty-seven shells were examined. It is a common species

dwelling in close off-shore coral. The unusually large num-
ber of columellar teeth in this species is noteworthy. A
related form, Cribraria teres latior (Melvill, 1888), is

not uncommonly found living with this species which I

think is merely a callous variant often seen in many
cowrie species (see Old, 1963). It is a shorter, broader

shell, even somewhat resembling C. rashleighana (Mel-
vill, 1888). Tinker (1958) illustrates both forms of

C. teres pellucens. It seems unwise at this time to regard

it as other than a variant of this species. Burgess ( 1962)

discusses and compares "... Cypraea rashleighana,

teres, latior, and subteres."

18. Cribraria (Talostolida) rashleighana (Melvill, 1888)

Mem. Proc. Manchester Soc., ser. 4, 1 (5) : 218

(see Plate 7, figures 19a, 19b)

Schilder, 1933, 1941 Schilder & Schilder, 1938 - 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961

Andrus, 1961 Burgess, 1962a

Kay & Weaver, 1963, p. 84

Localities

:

Oahu 5, 9, 23, 24, 28, 29, 40

Maui 51, 53, 54, 61, 74, 77

Kauai 91, 92, 95

Midway 125

Laysan 129

L W H HP col

Largest shell: 27.0 18.0 12.8 20 19

Smallest shell: 16.0 10.1 7.9 15 14

Thirteen shells were examined. Live-collected, this is one

of Hawaii's rarest species. Subfossil shells are exposed in

dredge tailings and occasionally they are found washed up

on beaches. Melvill described this shell from an unknown
locality saying he thought it was a "very pretty addition

to the known species of cowry." He named it after "my
late friend Mr. Jonathan Rashleigh, Junr., of Menabilly,

Cornwall, who died December, 1872, aged only 27."

[Ovatipsa Iredale, 1931)

19. Cribraria (Ovatipsa) chinensis amiges

(Melvill & Standen, 1915)

Joum. of Conchol. 14 (11) : 323

(see Plate 7, figures 20a. 20b)

Ostergaard, 1928 as Cypraea cruenta Gmelin
Schilder, 1933, 1941 Schilder & Schilder, 1938 - 1939

Ingram, 1947 as Cypraea cruenta

Demond, 1954 as Cypraea cruenta

Kay & Weaver, 1963, p. 84 Cernohorsky, 1963

Tinker, 1958 Kay, 1961

Localities:

Oahu 6, 14, 21, 22, 23, 24, 32, 40, 42, 47

Maui 56, 57, 58, 61, 67

Kauai 91, 92

Hawaii 103

L W H lip col

Largest shell: 38.4 25.0 18.5 20 18

Smallest shell

:

33.0 23.8 16.7 17 19
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Eleven live-collected shells have been examined. It is,

generally speaking, a deep water species and is rarely

live-taken. These Hawaiian shells were recognized by

Melvill & Standen although they were not sure where

in the islands their new species came from. Cate (1962)

redescribed the species, illustrated it, and designated

Kailua Bay, Oahu, as type locality. Ostergaard (1928)

reports fossil specimens from the Palama and Iwilei

area dredgings of Honolulu Harbor and in limestone

deposits elsewhere on Oahu.

(Cribraria Jousseaume, 1884)

20. Cribraria (Cribraria) gaskoini (Reeve, 1846)

Conch. Icon. 3: Cypraea, pit. 22, fig. 122

(see Plate 7, figures 21a, 21b)

ScH ILDF.Rj 1933, 1941 Schilder & Schilder, 1938 - 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961

Kay & Weaver, 1963, p. 88 Gage, 1963a

Localities

:

Oahu 6, 14, 21, 22, 23, 24, 27, 28, 31, 32, 40, 41

Maui 52, 54, 56, 58, 61, 62, 72, 73

Kauai 90, 91, 92, 94

Hawaii 103, 105

L W H lip col

Largest shell: 28.1 16.4 13.6 17 17

(fossil)

Smallest shell

:

12.3 7.9 6.5 15 13

Fifty-two shells have been examined. The use of aqualung

diving gear has made this a fairly common species in

collections, whereas live-collected, it was once rare. Reeve
based this species on two shells, one in the British Museum
and the other in the collection of J. S. Gaskoin Esq.
"

. . . a gentleman, to whom we are much indebted not

only for the liberal use of a collection of Cypraea exhib-

iting almost every imaginable variety of growth and
color of each species, ..."

Luria Jousseaume, 1884

(Basilitrona Iredale, 1930)

21. Luria (Basilitrona) Isabella controversa (Gray, 1824)

Zool. Joum. 1: 144

(see Plate 7, figures 22a, 22b)
Syn.: Luria Isabella atriceps Schilder & Schilder, 1938

Ostergaard, 1928, 1939 Schilder, 1933, 1941

Schilder & Schilder, 1938 -1939 Ingram, 1947

Demond, 1954 Tinker, 1958

Kay, 1961 Kay & Weaver, 1963, p. 84

Localities:

Oahu 1, 8, 10, 11, 14, 18, 23, 24, 27, 31, 35, 35a, 36, 40, 43

Maui 52, 53, 54, 55, 56, 58, 59, 61, 62, 64, 67, 72, 73, 74,

78, 79

Kauai 86, 87, 90, 91, 92, 94

Hawaii 100, 101, 103, 105, 108, 113, 115

Lanai 120

L W H lip col

Largest shell: 39.1 23.2 19.5 40 32

33.0 17.8 15.0 36 29

29.6 16.2 13.0 35 29

27.4 14.8 11.9 33 29

20.7 11.0 9.0 30 23

16.5 8.5 7.0 26 21

13.0 6.7 5.6 24 18

Smallest shell: 11.8 6.0 4.5 25 17

Over 300 live-collected and subfossil shells were examined.

It is a common species in Hawaii. The detailed measure-

ment chart clearly shows how this species grades into

Luria Isabella atriceps Schilder & Schilder, 1938. Study

of long series of these shells suggests that these forms are

conspecific as it is practically impossible to determine

where one begins and the other ends. It likewise would be

difficult to establish that a sibling species exists here.

Schilder (1941) restricts the latter species to the Cook,

Gambier, Henderson, Christmas, and Palmyra Islands.

It should be pointed out that the large specimens of L.

isabella controversa are now rarely found, 15 to 20 mm
being closer to the average size collected today.

Talparia Troschel, 1863

(Talparia Troschel, 1863)

22. Talparia (Talparia) talpa saturata

(Dautzenberg, 1903)

Joum. de Conchyl. 50: 302

(see Plate 8, figures 25a, 25b)
Ostergaard, 1928 Schilder, 1933, 1941

Schilder & Schilder, 1938 - 1939 Ingram, 1947

Demond, 1954 Tinker, 1958

Kay, 1961 Kay & Weaver, 1963, p. 84

Localities

:

Oahu 6, 14, 19, 21, 22, 23, 27, 30, 32, 36, 40, 42

Maui 53, 56, 59, 64, 72, 73

Kauai 90, 92, 94, 95

Hawaii 105, 113

Lanai 120

Midway 125

L W H lip col

Largest shell: 81.0 46.3 38.6 44 45

Smallest shell: 62.5 34.3 29.7 44 41



The Veuger, Vol. 8, No. 2 [Gate] Plate 8

Figure 25 a Figure 26 a Figure 27 a

Figure 25 b Figure 26 b Figure 27 b

Talparia talpa saturata (Dautzenberg, 1903) Cypraea tigris schilderiana Cate, 1961

Mauritia maculifera Schilder, 1932

Tauo Suzuki, photo.
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Fifteen shells were examined. The species is uncommon in

Hawaii. Freshly collected shells are exquisitely beautiful,

possessing an almost oily-appearing brilliance of color.

This form has been found in fossil horizons dating back

into the late Pleistocene. The two shells listed above were

collected in 25 feet of water at Sharks Cove, Oahu, the

larger at 20 feet in what is colloquially called peanut

brittle coral, the smaller shell under coral-slab substrate

in 25 feet of water.

Mauritia Troschel, 1863

(Arabica Jousseaume, 1884)

23. Mauritia (Arabica) scurra retifer (Menke, 1829)

Verz. Conch. Samml. Malsburg, p. 76 (quoted from Schilder, 1932)

(see Plate 7, figures 23a, 23b)

OSTERGAARD. 1928 ScHILDER, 1933, 1941

Ingram, 1947 Schilder & Schilder, 1938- 1939

Demond, 1954 Tinker, 1958

Localities:

Oahu 1, 8, 12, 14, 19, 22, 23, 24, 27, 32, 36, 40, 43

Maui 53, 55, 58, 62, 65, 68, 74, 77, 79

Kauai 85, 87, 89, 90, 92, 94, 95, 96

Hawaii 100, 101, 103, 108, 113, 115

Lanai 120

L W H lip col

Largest shell: 88.1 56.2 45.8 33 26

Smallest shell: 43.0 29.3 21.9 26 20

Kay, 1961 Kay & Weaver, 1964, p. 96

Localities:

Oahu 2, 6, 14, 21, 22, 23, 27, 32, 40

Maui 52, 55, 62, 64

Kauai 92, 95

Hawaii 103, 105

Lanai 120

Midway 125

A large number of shells was examined. This is a common
species in Hawaii, living in coral from the low tide mark
down to about 25 feet generally. Large specimens, such

as the one listed above, are uncommon, being usually

found at only one or two localities, Kavvailoa Reef, Oahu,

being one of them. The small shell was collected at Kihei,

Maui. Hawaiians of antiquity used these shells, along with

Mauritia mauritiana calxequina Melvill & Standen,

1899, with primitive shell or bone hooks attached, as a

lure for catching octopus for food (see Gage, 1963b).

Mauritia depressa (Gray, 1824) (syn. : Cypraea arabica

gillei Jousseaume, 1893) is reported from Hawaii by

authors, but the species in question is now thought to be a

depressed, stunted form of M. maculifera. These shells

are often seen in series groups of this species.

{Mauritia Troschel, 1863)

25. Mauritia (Mauritia) mauritiana calxequina

L W H lip col (Melvill & Standen, 1899)

Largest shell: 48.6 24.9 22.0 43 35 Journ. of Conchol. 9 (8) : 236

Smallest shell: 38.6 19.1 15.9 40 29 (see Plate 7, figures 24a, 24b)

Twelve shells were examined. This species is uncommon
in Hawaii, seeming to live in special isolated habitats

throughout the island waters. The larger shell listed above

was collected at Makua, Oahu, in 25 feet of water living

between fingers of dead coral; the smaller specimen is

from Waikiki, Oahu, in 35 feet of water living between

heavy branches of coral.

24. Mauritia (Arabica) maculifera Schilder, 1932
Zool. Anz. 100 (7/8): 165 October

(see Plate 8, figures 26a, 26b)

Syn.: [Cypraea] reticulata Martyn, 1784 (non-binomial)

Ostergaard, 1928 as Cypraea reticulata

Schilder, 1933, 1941 Schilder & Schilder, 1938 - 193J

Ingram, 1947 as Cypraea reticulata

Demond, 1954 as Cypraea reticulata

Tinker, 1958 as Cypraea reticulata

Kay, 1961 Burgess, 1962b

Kay & Weaver, 1964, p. 96

Ostergaard, 1928 Schilder, 1933. 1941

Schilder & Schilder, 1938- 1939 Ingram, 1947

Demond, 1954 Tinker, 1958

Kay, 1961 Kay & Weaver, 1963, p. 92

Localities:

Oahu 1. 2. 6, 11, 19. 20, 21, 22, 23, 24, 27. 42

Maui 50b, 51, 55, 58, 60, 65, 77, 79

Kauai 85, 87, 89, 90, 92, 94, 95, 96

Hawaii 107, 112, 113

Lanai 120

L W H lip col

Largest shell: 112.5 74.7 57.5 31 26

Smallest shell: 86.6 60.6 42.0 23 24

Fifty-five shells were examined. This species is common
although it appears restricted to certain localities. The
mollusk seems to require a rock or lava area with rough,

pounding, highly oxygenated water. A typical locality is

Mokolea Rocks, Kailua Bay, Oahu. where Mr. C. S.

Weaver collected 14 specimens in one dive. He said the
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shells were so thickly concentrated on the bottom there

was hardly room to stand. Melvill & Standen were

hardly convincing when they suggested these shells as

a race of Mauritia mauritiana mauritiana (Linnaeus,

1758), referring to it as only a color variety. Schilder &

Schilder (1938- 1939) use M. mauritiana calxequina

as a geographical race name, pointing out differentiating

morphological characters and species isolation as quali-

fying factors for retaining the name. They regard the race

as living in the central, northeastern, eastern Pacific

Ocean, and in North Queensland, Moluccas, Japan, as

well as Hawaii.

Cypraea Linnaeus, 1758

(Cypraea Linnaeus, 1758)

26. Cypraea (Cypraea) tigris schilderiana Cate, 1961

The Veliger 3 (4) : 108; pit. 19 (1 April 1961)

(see Plate 8, figures 27a, 27b)

Schilder, 1933, 1941 Schilder & Schilder, 1938 - 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961a, 1961b

Kay & Weaver, 1962, p. 76

Localities:

Oahu 2, 4a, 6, 14, 18, 19, 21, 22, 23, 25, 27, 29a, 32, 40, 41, 42

Maui 50a, 51, 53, 59, 60, 63, 69, 70, 75

Kauai 85, 87, 89, 90, 92, 94, 95, 96

Hawaii 102, 104, 106a, 109, 113

Lanai 120

L W H lip col

Largest shell: 131.5 91.3 74.0 35 30

Smallest shell

:

119.6 71.8 58.3 25 23

Fourteen shells were examined. Many of these shells have

been collected during the last few years, but even so, the

subspecies is not at all common. The Hawaiian race of

Cypraea tigris Linnaeus, 1758, is generally a deep water

form. Only the large Chelycypraea testudinaria testudi-

naria (Linnaeus, 1758) approaches the large size of these

shells. Kay & Weaver (1962) mention a specimen meas-

uring 141 mm in length. There appear no records

associating C. tigris schilderiana with the late Pleistocene.

Until as recently as Ingram's (1947) work only two
live-collected shells appear to have been known. Modern
interest in the cowries and use of the aqualung have
changed the knowledge of this species in Hawaii. A mated
pair ( 3 111.8, 75.5, 60.6 and ? 122.4, 80.0, 66.4) was
collected just south of Rabbit Island, Oahu, by C. S.

Weaver. The pair was found in a small depression at the

base of a large underwater .hill composed mainly of lava

and coral. The hill summit was approximately 25 feet

below the ocean surface, the base depression was at 55

feet. A third animal was found about 35 feet away from

these two, wedged half under a small coral outcropping.

Shells are also known to have been collected by Paul

Fujimoto, Honolulu, in 5 feet of water on a submerged

reef off Koko Head, Oahu, but usually the living range

is in the area of 25 to 125 feet of water. A relatively new
locality for C. tigris schilderiana is Halepalaoa Landing,

Lanai. A personal communication from Mr. R. Gage
(Maui) states, "We got 17 tigris schilderiana today, they

were all over the place." Alan Tiedeman, Lahaina, Maui,

collected four specimens at Halepalaoa Landing and says,

"C. tigris schilderiana were collected singly in 20 - 30 feet

deep on a flat lava bottom, with scattered coral heads,

some 300 - 400 yards south of the Landing."

(Lyncina Troschel, 1863)

27. Cypraea (Lyncina) lynx caledonica Crosse, 1869

Joum. de Conchyl. 17: 41; pit. 1, fig. 1

(see Plate 9, figures 28a, 28b)

Schilder, 1933, 1941 Schilder & Schilder, 1938 - 1939

Ingram, 1947 Demond, 1954

Tinker, 1958 Kay, 1961

Kay & Weaver, 1963, p. 80

Localities:

Oahu 1, 14, 20b, 24a, 34, 40

Maui 55, 62, 63, 65

Kauai 92

Hawaii 105

L W H lip col

Largest shell: 42.0 23.5 20.6 25 22

Smallest shell

:

27.4 15.7 13.3 25 21

(fossil)

Four live-collected, two beach shells, and one subfossil

shell were examined. This species is very rare in Hawaii,

and apparently more so on Oahu than on Maui, the source

of most of the shells I have seen. Nearly all the collections

are from very shallow water on the reefs. Dead shells have
been washed in on the shore at Kihei, Maui. Indications

are that Hawaii represents the northeast end of the range

of this species.

>

28. Cypraea (Lyncina) vitellus polynesiae

Schilder & Schilder, 1939

Proc. Malacol. Soc. London, 23 (4) : 187

(see Plate 10, figures 32a, 32b)

Ostergaard, 1928 Schilder, 1933, 1941

Schilder & Schilder, 1938- 1939 Ingram, 1947

Demond, 1954 Tinker, 1958
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Figure 30 a Figure 30 b Figure 31a Figure 31b

Cypraea sulcidentata (Gray, 1824) Cypraea schilderorum (Iredale, 1939)

Takeo Suzuki, photo.
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Kay & Weaver, 1963, p. 80 Kay, 1961

Localities

:

Oahu 20, 20a, 22, 27, 30, 40

Maui 52, 53, 56, 64, 71, 78

Kauai 92

Hawaii 110, 111, 112

L W H lip col

Largest shell: 65.2 39.4 33.3 34 24

Smallest shell: 39.1 23.3 19.1 30 25

Three live-collected and 5 subfossil shells were examined.

The measurements recorded here are from subfossil shells

(Cate Coll. no. 2270) collected at Sand Island, Honolulu

Harbor dredging, October 5, 1959. A live-collected shell

(Cate Coll. no. 2090) (59.3, 38.6, 31.8, 30, 24) was

found in 3 feet of water on the reef at Waikiki by Mr.

C. S. Weaver on April 1, 1941 ; he stated "Very rare in

Hawaii, I have taken only three" (in litt.).

29. Cypraea (Lyncina) carneola propinqua Garrett, 1879

Journ. of Conchol. 2: 116

(see Plate 9, figures 29a, 29b)

Ostergaard, 1928, 1939 Schilder, 1933, 1941

Ingram, 1947 Schilder & Schilder, 1938 - 1939

Demond, 1954 Tinker, 1958

Kay, 1960, 1961, 1961a Kay & Weaver, 1963, p. 80

Localities

:

Oahu 6, 18, 20, 20b, 21, 23, 24, 27, 40

Maui 50a, 54, 56, 62

Kauai 92

Hawaii 103, 108

L W H lip col

Largest shell: 38.7 23.1 19.1 28 22

Smallest shell: 25.3 15.1 13.2 27 22

Four live-collected and 23 subfossil shells were examined.
This species is rare in Hawaii. Large numbers of it have
been found in various Oahu dredgings. The above meas-
urements were taken from shells obtained from the 1959
to 1960 dredging of the second entrance to Honolulu
Harbor (Cate Coll. no. 3246). A live-collected shell from
Kualoa, Oahu (28.2, 16.3, 14.4, 23. 20) seems to be
typical of this species in color, dorsal marking, and size.

30. Cypraea (Lyncina) leviathan leviathan

Schilder & Schilder, 1937

Zool. Anz. 119 (7/8) : 190

(see Plate 10, figures 33a, 33b)

Ostergaard, 1928 as Cypraea carneola

Schilder, 1933, 1941 Schilder & Schilder, 1938- 1939

Ingram, 1947 as Cypraea carneola

Demond, 1954 as Cypraea carneola

Tinker, 1958 as Cypraea carneola

Kay, 1960, 1961a as Cypraea leviathan

Kay & Weaver, 1963, p. 80

Localities

:

Oahu 2, 6, 21, 22, 23, 27, 30, 33, 36, 40, 42

Maui 51, 53, 54, 56, 62, 66, 68, 74

Kauai 86, 92, 94, 95

Hawaii 105, 113

Lanai 120

L W H lip col

Largest shell: 89.0 52.5 44.4 43 37

Smallest shell

:

51.8 32.2 27.1 29 23

Twenty live-collected shells were examined, and two sub-

fossil specimens from the 1959 - 1960 dredging of the

second entrance to Honolulu Harbor. The species is fairlv

common in deep water from 20 to 50 feet. Kay, (1961a)

states "C. leviathan Schilder-Schilder is here considered

a distinct species. Anatomical evidence [Kay, 1961b] for

this view will be published later." Kay & Weaver ( 1963

)

remark, "The principal differences between C. leviathan

and C. carneola are anatomical and size." Among other

differentiating characters mentioned by Kay (/. c.) are

the following physical aspects: Cypraea leviathan - the

mantle black, mottled with grey; the foot grey-brown;

the tentacles black; the papillae numerous. Cypraea car-

neola - the mantle red-brown; the foot dark brown;

tentacles yellow; papillae sparse. Authors before 1937

lumped these shells with those of C. carneola propinqua

(Garrett, 1879) as indicated by Ingram (1947) and

Tinker (1958). A recently described species comparable

to C. leviathan is recorded from Shimoni, Kenya, East

Africa as Lyncina titan by Schilder & Schilder (1962).

31. Cypraea (Lyncina) sulcidentata (Gray, 1824)

Zool. Joum. 1 (2) : 148

(see Plate 9, figures 30a, 30b)

Ostergaard, 1928, 1939 Schilder, 193:5. 1941

Ingram, 1947 Schilder & Schilder, 1938- 1939

Demond, 1954 Tinker, 1958

Kay, 1961 Kay & Weaver, 1962, p. 76

Localities

:

Oahu 4, 4a, 5, 6, 14, 21, 22, 23, 24, 27, 32, 35a, 37, 40, 42, 43

Maui 50a, 51, 52, 53. 54, 56, 58, 61, 62, 64, 66, 72, 73

Kauai 85, 86, 87, 90, 92, 94, 95

Hawaii 105, 113, 114

Lanai 120

Midway 125
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L W H lip col

Largest shell: 61.9 40.9 33.5 31 24

Smallest shell: 26.3 20.4 15.3 24 18

More than 100 live-collected shells were examined as well

as 20 subfossil specimens from the 1959 - 1960 dredging

operation in the second entrance to Honolulu Harbor.

Prior to 1950 live-collected shells were a novelty, but

modern diving techniques have revealed its deep water

sanctuary. Of the two shells whose measurements are

here recorded, the larger was found at the base of the

reef at Waikiki in 50 feet of water; the small shell was

found under a dead coral head in 40 feet of water at

Lawai, Kauai.

In reference to his new species Gray (1824) had this

to say, "This was first pointed out to me by my friend

Mr. G. B. Sowerby ; it only differs from C. arenosa [=
Cypraca schildcrorum (Iredale, 1939)] by the front part

of the margin being produced, and the base being all of

one color, with the very deep grooves between the teeth

extending partly over the base, thus giving it somewhat
the appearance of the base of C. poraria."

32. Cypraea (Lyncina) schilderorum (Iredale, 1939)

Austral. Zoolog. 9(3): 303

(see Plate 9, figures 31a, 31b)

Syn. : Cypraea arenosa Gray, 1824 2

Schilder, 1933 as Lyncina arenosa

Schilder & Schilder, 1938- 1939 Schilder. 1941

Ingram, 1947 as Cypraea arenosa

Demond, 1954 as Cypraea arenosa

Tinker, 1958 as Cypraea arenosa

Kay, 1961 as Cypraea arenosa

Kay & Weaver, 1963, p. 80

Localities

:

Oahu 14, 21, 23, 24, 27, 40

Maui 52, 53, 54, 56, 58, 62, 74

Kauai 86, 92, 94

Hawaii 105

Lanai 120

L W H lip col

Largest shell: 39.3 27.2 21.4 36 27
Smallest shell: 32.6 23.1 17.7 28 25

Five live-collected, one beach specimen, and one subfossil

shell from the 1959 - 1960 dredging in the second entrance
to Honolulu Harbor were examined. This species is fairlv

rare in Hawaii. Schilder (1933) records one specimen

2 Dillwyn, 1823, invalidated this name by publishing Solander's
name arenosa (Index Lister Hist. Conch., p. 33, 1823) and no
synonyms were available.

collected at French Frigate Shoal, but Ingram (1947)

appears to have furnished the first comprehensive report

on Cypraea schilderorum in the recent literature on Ha-

waiian mollusks. Baldwin ( 1898) seems to have mistaken

this species for C. ventriculus Lamarck, 1810, because

the two species do resemble each other in color and dorsal

marking; the latter species, however, produces a much
larger shell.
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INTRODUCTION
Many measurements of the glycogen content of mol-

lusks have been made (review by Martin, 1961) but

there are few reports in the literature on marine snails.

West Coast species have received little attention, and no

comparative studies have been made on snails with differ-

ent diets.

In snails, the study of glycogen is complicated by the

occurrence of galactogen. Galactogen, a polymer of galac-

tose units, occurs exclusively in the albumen glands and

the eggs of several species of terrestrial and fresh-water

snails, and in two bivalves (reviews by Martin, 1961 ; and

Goddard et al., 1963). McMahon et al. (1957) found

a galactose-fucose polysaccharide associated with two spe-

cies of operculate snails. They also studied some snails

with separate sexes and found that galactogen was present

only in the albumen gland and eggs. Glycogen was the

only polysaccharide present in males.

Barry & Munday ( 1959 ) , however, found only glycogen

throughout the year in Patella vulgata, a marine proso-

branch. A large quantity of ether extractable fat seemed

to be the major reserve material in the sex products.

This paper presents a comparative survey of the amount

of polysaccharides occurring in seven species of marine

prosobranch snails during the summer months, and an

identification of the sugars occurring in the acid hydro-

lysates of these polysaccharides.

MATERIALS and METHODS
Tegula funebralis (A. Adams, 1854), Calliostoma ligatum

(Gould, 1846) , Littorina scutulata (Gould, 1849), Sear-

lesia dira (Reeve, 1846), Thais emarginata (Deshayes,

1 This investigation was supported in part by predoctoral fellowship

(number l-FI-GM-2 1.084-01) from the National Institutes of

Health.

1839), Thais lamellosa (Gmelin, 1792), and Olivella

biplicata (Sowerby, 1825) were studied. All snails were

collected at low tides during July and August, 1964.

Olivella biplicata were taken from a sandy beach near

the Oregon Institute of Marine Biology station, Charles-

ton, Oregon. The other six species were collected from

rocks at Point Arago, Coos County, Oregon.

The study was started at the Oregon Institute of Marine

Biology on fresh material, and completed on frozen mate-

rial at the Laboratories of Zoophysiology, University

of South Dakota. When fresh snails were used, dry weights

were calculated from the data given in table 1. When
frozen snails were used, the soft parts were separated from

the shell and dried in a vacuum dessicator over CaCL.
Measurement of total polysaccharides: Polysaccharides

were precipitated from 30% KOH hydrolysates of whole

snails and estimated as glucose after hydrolysis in IN HC1
(Barnes, et al. 1963).

Chromatographic identification of sugars: Polysaccha-

rides for chromatography and electrophoresis were pre-

cipitated from 30% KOH and purified by repeated

reprecipitations with ethanol. Samples of this purified

polysaccharide weighing 10 mg were hydrolyzed in 1.0 ml

of IN ELSO> for 3 hours at 100° C and neutralized with

solid barium carbonate. After removal of the barium

sulfate precipitate by centrifugation, samples of the super-

nate were spotted on Whatman no. 1 chromatographic

paper (McMahon, et al. 1957). One dimensional de-

scending chromatography was used, the solvent being-

allowed to drip from the serrated lower end of the paper.

Development for 36 - 40 hours separated the sugars ade-

quately for identification. Two solvent systems were used

:

butanol, ethanol, water (4:1:5) (Partridge, 1946) and
butanol, acetic acid, water (4:1:5) (Partridge, 1948).

The butanol, ethanol, water (4:1:5) gave superior results.

Sugars were identified with ammoniacal silver nitrate

(Trevelyan, et al. 1950) and aniline-oxalate (Clark,
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1964) . A 0.1% solution of ninhydrin in 1-butanol was used

to detect amino sugars (Hough & Jones, 1962). Sugars

on chromatograms of Calliostoma ligatum were quanti-

tated by densitometer readings (Photovolt Corporation,

Model 52-C). Known sugars were used as standards.

Electrophoretic identification of sugars: Identification of

sugars was confirmed on an LKB 3276B paper electro-

phoresis unit. Portions of polysaccharide hydrolysates were

stripped on LKB-2043B filter paper strips. Good separa-

tion of sugars was obtained by applying 20 volts/cm for

4 hours in a 1% solution of borax (pH= 9.2). Sugars

were identified by spraying with aniline-oxalate to which

a few drops of glacial acetic acid were added to overcome

the alkalinity of the borate buffer.

Electrophoretic migration of polysaccharides: Electro-

phoretic migration of snail polysaccharides before HC1
hydrolysis was compared with that of known glycogen.

Polysaccharides (10 mg) were dissolved in 0.1 ml water,

stripped on LKB-2043B filter paper strips and subjected

to 10.3 volts/cm for 6 hours in the 1% borax. The paper

strips were removed from the cell, and the polysaccharides

were fixed and stained by the periodate-Schiff method of

Koiw & Gronwall (1952).

Lipid determinations: Total lipids of Tegula funcbralis

were weighed after evaporation of the ether extracts

of whole snails hydrolyzed in 30% NaOH (von Brand et

al 1957).

RESULTS

Table 1 summarizes the relative weights of shell and soft

tissue used in calculating dry weights from fresh snails.

Table 2 summarizes the total polysaccharide content in

the 7 species, and the sugars found in the hydrolysates.

Polysaccharides are expressed as percent of dry weight

of soft parts. Figures 1 and 2, Plate 11, show typical

chromatographic and electrophoretic separation of sugars.

No amino sugars were detected by the ninhydrin spray.

The hydrolysates of all snails except Calliostoma ligatum

contained only glucose. The polysaccharide material from

this species showed glucose, galactose and ribose. Chroma-

tograms of material from males and from females were

similar in their sugar content.

Figure 3 shows typical electrophoretic migration of

snail polysaccharide compared with known glycogen. The
migration of material from all 7 species, including Callio-

stoma ligatum is identical with that of glycogen. There is

no apparent separation of C. ligatum polysaccharides.

Table 1

Relative weights of shell and soft tissues of seven species of marine Prosobranch

snails. The figures behind the ± signs give confidence limits at the 95% level.

The figures in parentheses indicate the number of determinations.

Species

Littorina scutulata (24)

Tegula funebralis (25)

Calliostoma ligatum (25)

Olivella biplicata (24)

Searlesia dira (15)

Thais emarginata (20)

Thais lamellosa (10)

average shell wt.

fresh wt. as % of

(grams)
1

fresh wt.

0.77 ±0.02 76.7 ±0.41
2.95 ±0.62 68.7 ±0.56
1.23 ± 0.06 69.9 ±0.64
1.60 ±0.33 69.0 ±0.13
5.93 ±0.93 7 1.0 ±0.96
0.93 ±0.15 62.3 ±0.96
10.30 ±2.50 78.7 ±2.01

% dry wt. of % dry

soft parts as material of

% of fresh wt. soft parts

4.7 ±0.33 23.5 ±1.51
9.7 ±0.27 35.0 ±0.62
7.9 ±0.28 29.5 ±0.57
8.3 ±0.41 33.7 ±1.23
8.6 ±0.64 26.4 ±1.44
9.3 ±0.44 31.3 ±1.75
4.5 ±0.86 28.0 ±3.44

1 Fresh weight was determined after the outside surfaces of the shells were dry. The
operculum was forced back and excess water was removed by blotting with a piece

of filter paper.
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Table 2

Total polysaccharide content and sugars present in hydrolysates of polysaccharides of seven species of marine

Prosobranch snails. The figures behind the ± signs give confidence limits at the 95% level. The figures in

parentheses indicate the number of determinations.

% polysaccharide

Species of dry weight

(? ?)

% polysaccharide of

dry weight

(<?<?)

% polysaccharide of

dry weight

$ c? and ? S combined)

% sugars found in

hydrolysates of

polysaccharides

Thais lamellosa

Searlesia dira

Littorina scutulata

Olivella biplicata

Thais emarginata

Tegula funebralis

Calliostoma ligatum

5.80± 1.59 (25)

5.20 ±0.96 (28)

3.37 ±0.23 (19)

1.84±0.18 (33)

1.63 ±0.23 (28)

6.63 ± 1.48 (11) 6.05 ±1.16 (36) glucose
1

, 100%
4.38 ±1.34 (20) 5.01 ±0.76 (48) glucose

1

, 100%
3.19 ±0.30 (59) glucose

2

, 100%
2.66 ±0.42 (13) 3.14 ±0.38 (32) glucose

1

, 100%
2.90 ±0.43 (48) glucose

2

, 100%
2.04 ±0.24 (28) 1.93 ±0.16 (61) glucose

3

, 100%
1.19 =t 0.17 (25) 1.42 ±0.15 (53) glucose

3

, 55.0 ±5.6%
ribose, 25.6± 6.0%
galactose 23.3 ±6.0%

1 Male visceral mass and foot, and female visceral mass (with eggs) and foot were examined
2 Combined whole male-female polysaccharides were examined
3 Whole males and females were examined separately. The values reported for Calliostoma ligatum represent combined male- female

polysaccharides

Table 3 summarizes the total ether extractable material

of Tegula funebralis.

Table 3

Total ether extractable material of Tegula funebralis.

The figures behind the ± signs give confidence limits at

the 95% level. The figures in parentheses indicate the

number of determinations.

Tissue

examined Female Male

Visceral mass 12.1 ±4.7 (4) 2.3 ±0.9 (4)

Foot 4.3 ± 2.4 (4) 5.5 ±4.2 (4)

Total 13.9 ±4.5 (5) 7.1 ±3.8 (5)

DISCUSSION

Calliostoma ligatum was the only species in which the

polysaccharide contained sugars other than glucose (Table

2 ;
figures 1 and 2 ) . In this species, the polysaccharide

material was composed of glucose, galactose, and ribose

in both sexes. All other species contained only glucose

(Table 2). These results indicate that glycogen is the

major polysaccharide in the marine forms studied, and

that galactogen is not associated with female sex products.

In Tegula funebralis, much ether extractable material is

associated with the gravid female gonad (Table 3). These

observations agree with those of Barry & Munday, 1959,

who found fat, rather than galactogen associated with

the sex products of Patella vulgata. The absence of

Explanation of Plate 1

1

Figure 1

Typical descending chromatographic separation of sugars in butanol, ethanol, water (4:1:5) for 40 hours. All snail hydrolysates are

combined male-female samples. - 1. Thais lamellosa; 2. Searlesia dira; 3. Thais emarginata; 4. Calliostoma ligatum; 5. (a) galactose,

(b) glucose, (c) ribose; 6. galactose; 7. glucose; 8. Tegula funebralis; 9. Littorina scutulata; 10. Olivella biplicata

Figure 2

Typical electrophoretic separation of sugars (20 volts/cm for 4 hours in a 1% borax solution). 1. glucose: 2. (a) ribose, (b) galactose,

(c) glucose; 3. galactose

Figure 3

Typical electrophoretic migration of polysaccharides (10.3 volts/cm for 6 hours in \
r
/( borax). !. glycogen; 2. Tegula funebralis 2 ;

3. Thais lamellosa, visceral mass. 9 ; 4. Calliostoma ligatum-glycogen mixture
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galactogen in the marine snails in this study as compared

to the high galactogen content of sex products of some

terrestrial and fresh water snails may be due to basic

differences in life cycles.

The seven species of snails may be divided into three

groups which are significantly different in their total

polysaccharide content. The highest group includes two

carnivores, Thais lamellosa (Ricketts & Calvin, 1962)

and Searlesia (lira. The lowest group includes Tegula

funebralis and Calliostoma ligatum, both herbivores (He-

watt, 1937; Galli & Giese, 1959; Erigkson, 1964;

Berrie & Devereaux, 1964; and Best, 1964) . The middle

group includes Littorina scutulata, a herbivore (Hewatt,

1937; North, 1954; Dahl, 1964; and Foster, 1964),

Thais emarginata, a carnivore (Hewatt, 1937; Ricketts

& Calvin, 1962), and Olivella biplicata, which ingests a

variety of material from the sand. There seems to be a

correlation between glycogen content and diet. Two meat

eaters have the highest content, while two plant eaters

have the lowest. The glucose - galactose - ribose polysac-

charides of Calliostoma ligatum are probably from plant

sources. Lloyd & Lloyd, 1963, found fucose, xylose, and
galactose in the polysaccharide hydrolysates of Patella vul-

gata, and consider these polysaccharides to be derived

from algal sources. The question arises as to why plant poly-

saccharides were not also found in the herbivores L.

scutulata and T. funebralis. These two species live at higher

levels in the intertidal zone (3-5.5 feet for Littorina and

1.8 - 5.2 feet for Tegula) than Calliostoma (-2 - +1 feet)

(Hewatt, 1937). Since all species were collected at low

tide, Littorina and Tegula were uncovered for a longer

period of time than Calliostoma. It might be speculated

that Calliostoma has recently fed and contains undigested

plant polysaccharides. The other two species might be

unable to feed continually during low tide, and thus may-

have had time to digest plant material.

The glycogen content of mollusks is a complex inter-

relationship between seasonal, nutritional, and breeding

factors. Martin, 1961, reviewed seasonal differences of

several mollusks. Barry & Munday, 1959, found in the

herbivore Patella vulgata that the shedding of the genital

products coincided with a sharp decrease in blood glucose

and tissue glycogen. Chapman & Bonner (1949, cited by
Thorson, 1956) found that Thais lamellosa at Puget
Sound ceased feeding during June, while Bovard & Oste-
red (1918, cited by Thorson, /. c.) found that the

breeding season of this species is "the last of June." Other
species of predatory gastropods are known to be passive,

at least during the time when they deposit their eggs, for

example Urosalpinx cinereus, Purpura lapillus, Tritonalia

japonica (review by Thorson, I. c), Thais lapillus (Con-
nell, 1961), and Thais haemostoma (Burkenwood,
1931).

The high glycogen content of Thais lamellosa found in

the present study may indicate that these animals are

not in their breeding season (since most were collected

during August) and that they are feeding actively. Indeed,

a small percentage of the gonads of this species seems to

be ripe at this time. The low content of Tegula funebralis

and Calliostoma ligatum may be due to an active breeding

season, since almost 100% of these snails had ripe gonads.

Tegula funebralis has also been observed to spawn during

August (Belcik, 1965). The high fat content of the

gonads of female T. funebralis (Table 3) suggests that

carbohydrates might be converted to lipids. However,

males and females do not significantly differ in glycogen

content (Table 2) although their total lipid content is

quite different. The intermediate glycogen level of Oli-

vella biplicata may reflect the observation that this species

probably mates at all times of the year (Stohler, I960).

Annual studies need to be done to determine the effects

of season, breeding condition, and diet on the polysaccha-

ride content of the various species.

SUMMARY
1. The total polysaccharide content, and products nf

their acid hydrolysis were determined on Tegula fun<

-

bralis, Calliostoma ligatum, Littorina scutulata, Searlesia

dira, Thais emarginata, Thais lamellosa, and Olivella

biplicata.

2. All species, except Calliostoma ligatum, contained onlv

glucose in the polysaccharide material. Glucose, galactose,

and ribose were detected in C. ligatum polysaccharides

These sugars probably are derived from the plant sources

on which they feed.

3. Galactogen does not seem to be associated with the

sex products of the species. The major products of Tegula

funebralis female sex products are ether extractable mate-

rials. Glycogen seems to be the major polysaccharide

found in the seven species studied.

4. There probably are seasonal variations in the poly-

saccharide content of the snails studied, and there may
also be a correlation between diet and polysaccharide

content. Further research on snails collected throughout

the year is necessary to understand these relationships.
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A New Species of Persicula from West Mexico

BY

EUGENE COAN

Department of Biological Sciences, Stanford University, Stanford, California 94305

AND

BARRY ROTH

2140 Middlefield Road, Palo Alto, California 94301

(Plate 12; 1 Map)

In preparing a review of the West American species of

the family Marginellidae, we have discovered a new

species of the genus Persicula. We obtained material of

this new form from four different sources - two of these

under somewhat unusual circumstances - and have

decided to give it a name before completing our more

comprehensive review.

The first specimens of the new species were encountered

in archeological material which was sent to Stanford

University for identification in June, 1962. When that

material arrived, Dr. Myra Keen and Eugene Coan identi-

fied the molluscan species and came to the conclusion

that the Persicula, which was present in hundreds, was

probably new to science. Because no one at Stanford

was then interested in describing the form, the material

was returned to the Amerind Foundation of Dragoon,

Arizona.

Recent specimens of the new form were first noticed

by us at the Geology Department of the California Acad-

emy of Sciences in San Francisco, California. The lot

(locality number CAS 17805A) had been taken in Ban-

deras Bay, Mexico, by William Beebe on the Eastern

Pacific Expedition of the New York Zoological Society on

November 15, 1937. At the time, we considered these

beachworn specimens to represent a variant of a more

southern species. In 1964, we obtained a large lot of

live-collected specimens from the Los Angeles County

Museum (A. 2457.63-224) . This material was consistently

different in many characters from previously described

species, and we decided that it was new.

Dr. Charles DiPeso, Director of the Amerind Founda-

tion, kindly provided us with a sample of fifty specimens

for redetermination. Nearly all of the shells were pierced

for stringing as beads. The site from which these speci-

mens were obtained is at Casas Grandes, Chihuahua,

Mexico, 30
c
22' N latitude by 107° 58' W longitude, and

is officially termed "Chihuahua :D:9: 1, Room 22-16-fill."

It was collected on July 3, 1960, and is from the Tardio

Period, approximately 1200 to 1350 A.D. As can be

seen from the Map, this site is a considerable distance

from Banderas Bay, the only place that this species has

been taken living. One of the Indian shells is illustrated

in Figure 1, Plate 12.

In March, 1965, Dr. Keen made a trip to the Banderas

Bay area. She had hoped to collect the species living, but.

by the evening of the last day, she had given up hope.

One of the crew-members, Eulogio Pacheco-Esparza, was

given a chance to try SCUBA-diving with a little air

left in one of the tanks. He dove into the water beside the

anchored boat and picked up a few shells from the surface

of the mud bottom. When he brought these into the

boat, it was discovered that he had obtained three speci-

mens - now hypotypes - of the new species. Dr. Keen

took some photographs of the living animal, and two of

these are reproduced in Figures 2 a and 2 b, Plate 12.

Persicula bandera Coan & Roth, spec, now

(Plate 12, Figures 3 a, b, c - Holotype)

Description of Holotype: Shell of moderate size; solid,

relatively heavy; ovate, narrower anteriorly; yellowish-tan,

with 16 brown, spiral color lines spaced at regular inter-

vals, the most anterior line running to anterior side of

anterior canal
;
entirely covered with a glaze of translucent

gray enamel; outer lip heavily calloused, white, tinted

on the outside with yellowish-brown; outer lip extending
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Map of Western Mexico, Showing Type Locality

to spire; inner lip covered by white callus; spire low,

covered with enamel, circled by a distinct ring of merging
brown blotches and by a trace of puckering consisting of

slightly raised growth lines along suture; suture also

covered with enamel
;
aperture even, narrow, white within,

with a notch at the posterior end and a deep, oblique

anterior canal; columellar side of anterior canal produced
into a little spur; inner margin of outer lip finely denti-

culate; columella flattened, with four folds, second fold

from anterior end widest, most anterior fold at base of

columella.

Dimensions of Holotype: Length 12.5 mm; width 8.4 mm.

Dimensions of figured Paratypes:

I : Length 12.8 mm; width 8.4 mm.
II: Length 10.6 mm; width 7.2 mm.

Paratypes: The 42 paratypes differ from the holotype in

details of enamelling and in degree of development of

the lip callus. Paratype I, a thoroughly mature shell,

has only 15 spiral lines, a heavier glaze of enamel, and a

greater angulation of the periphery, giving the specimen

a "humpbacked" appearance (Plate 12, Figures 4a, b).

Paratype II is a younger specimen than the holotype and
retains a sharp, uncalloused outer lip which has no
denticulation. It has 17 spiral lines, and there is a
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Figure 4 a Figure 4 b Figure 5 a Figure 5 b

Figure 1 : Persicula bandera Coan & Roth. Indian specimen from Tardio Period, Casas Grandes,

Chihuahua, Mexico. x 2.8

Figures 2 a, b: P. bandera. Hypotype. Banderas Bay, Mexico.

Dorsal and ventral views, respectively. Photograph by Dr. M. Keen.

Figures 3 a, b, c: P. bandera. Holotype (LACM No. 1141). Ventral, dorsal, and apical views,

respectively. Banderas Bay, Mexico. x 2.6

Figures 4 a, b: P. bandera. Paratype I (LACM No. 1142). Ventral and dorsal views. x2.7

Figures 5 a, b: P. bandera. Paratype II (LACM No. 1142) . Ventral and dorsal views. x 2.6
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brown spot at the base of the columellar callus. All of

the spiral lines are clearly visible inside the aperture,

not quite reaching the edge of the outer lip (Plate 12,

Figures 5 a, b).

The type material includes a growth series containing

specimens as short as 4 mm. The very youngest have

thin shells, faintly lined with reddish-brown on a white

background. The tan ground color becomes apparent on

individuals of 5 to 6 mm length. In some specimens, the

lines at the broadest portion of the whorl are stronger

than the others. All specimens show the brown apical

ring of blotches.

The Animal: Three live individuals (hypotypes) were ob-

served, and one was photographed, at Banderas Bay by Dr.

Myra Keen in March, 1965. They had a white foot and

mantle, the foot being flecked with minute dark-gray dots.

The tentacles were long and slender.

Type Locality: The type lot came from Banderas Bay,

which is on the border between Nayarit and Jalisco,

Mexico, and was collected by Mr. and Mrs. Cornelius

Willis on April 4, 1963. The live hypotypes were taken in

about ten feet of water on mud off La Cruz, near the

mouth of the Banderas River in Banderas Bay. The type

lot probably was also taken in this area, because this is

the only good anchorage in the bay and is one of the only

areas of the bay that has a mud bottom. This would place

the type locality at 20° 44' N by 105° 29' W.

Range: To our knowledge, the species has been found

living only in Banderas Bay. The species has been a

distinct form since at least 1350 A. D. and may then

have lived farther north in the Gulf of California.

Discussion: Persicula bandera is unlikely to be confused

with any other species on the west coast because of its

regular and continuous color lines. Adult P. imbricata

(Hinds, 1844) and P. adamsiana Pilsbry & Lowe, 1932,

always show a fragmentation of the lines into discrete

dashes.

The species seems to be most closely related to Persicula

hilli (Smith, 1950), being similar in its solidity and in

having a flat apex ringed with brown. Mature specimens

of P. hilli, however, do not show the prominent lineation

of P. bandera, although they may have indistinct dark

banding anteriorly.

The name bandera comes from a Spanish word meaning
flag, and was suggested by the name of the type locality

and by the bold striping of the shell.

Deposition of Types:

Holotype : Los Angeles County Museum

;

LACM No. 1141

Paratypes (18), including I & II: ditto;

LACM No. 1142

Paratypes (3): Stanford University;

LSJUPTC No. 6592

Paratypes (3): California Academy of Sciences,

Dept. Geol. Type Coll. Nos. 12741, 12742,

and 12743

Paratypes (3): Type Coll. Santa Barbara Museum

of Nat. Hist. No. 22035

Paratypes (3) : San Diego Soc. Nat. Hist. No. 49594

Paratypes (3) : Amer. Mus. Nat. Hist., Mollusk Coll.

No. 118201

Paratypes (3): Harvard Univ., Mollusk Dept.,

MCZ No. 258285

Paratypes (3) : U. S. N. M. No. 637240

Paratypes (3): Acad. Nat. Sci. Philadelphia;

A. N.S.PNo. 302122

Hypotypes (3) : Calif. Acad. Sci. Dept. Invert. Zool.

Type Coll. No. 232
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INTRODUCTION
This faunal study is an attempt to record all species

of Mitridae from Fiji waters to date, and to list pertinent

data on ecology, variability and distribution, and to supply

morphometric measurements and animal descriptions

wherever known.

All the material available for study has been obtained

through dredging in shallow and deeper water to about

1 7 fathoms, and hand-collecting and dredging in the inter-

tidal zone. The majority of specimens has been gathered

from the coastal reefs of Viti Levu and outlying islands,

while smaller lots were collected at the Yasawa group and

the Lau Islands. Only specimens collected by local resi-

dents and the author have been taken into consideration

;

species reported by other authors from Fiji have been

shown under a separate heading.

The actual occurrence of mitrid species in Fiji is rather

difficult to evaluate from unillustrated faunal lists, or

accounts which lack bibliographic annotations. A species

may have been interpreted by subsequent authors in a

different way than was actually intended by the original

describer. The collection of additional material, however,

may very well contain species presently treated as uncon-

firmed reports.

The majority of species have an Indo-West Pacific

distribution, ranging from the Red Sea and Persian Gulf

throughout the Indian and Pacific Oceans to Polynesia

and Hawaii
;
only a few species are confined to the Pacific,

while two species reach as far as Clipperton Island.

Notes on the geography of the Fiji Islands and other

pertinent data have been given in a previous publication

(Cernohorsky, 1964).

HABITAT and VARIATION
Members of the family Mitridae are mostly tropical, and

species of the various generic groups occupy a distinct

ecological niche in Fiji waters, and possibly elsewhere.

About 45% of all species recorded from Fiji are sand-

burrowers, inhabiting sand banks and sandy lagoons

with an average amount of sea-weed substrate. The
remaining species are found under coral boulders, exposed

or partially buried in sand, or in crevices of solid reef flats.

The large species of Mitra, Vexillum, Pterygia and Swain-

sonia become active at the turn of the incoming tide;

they move one-half inch to one inch below the surface,

and leave well-defined tracks which are rarely straight.

Ecologic intertidal zonation is evident in some species.

Strigatella paupercula (Linnaeus) lives near the high-

tide mark in large colonies, in crevices of basalt boulders.

Variation within the species of Mitridae has been

greatly underrated. Intrapopulation and ecophenotypic

variants of some species may be pronounced to such an

extent as to create the false impression that one is dealing

with two distinct species. Specimens of Vexillum deshayesi

(Reeve) inhabiting areas of clean sand substrate grow

approximately 35% larger than their counterparts from
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muddy sand localities. They also differ in colour and

number of axial ribs. Specimens of Mitra (Cancilla)

clathrus (Gmelin) from shallow water, are appreciably

larger in size than those from deeper water. Examination

of a long series of shells of any given species will make it

appear obvious that no single individual conforms to the

type concept. These individuals are rather representatives

of a given population of a species, with all its inherent or

acquired variabilities of colour, sculpture and size.

Although most species of Fijian Mitridae have been

collected over a number of years, no structural shell

modifications were apparent which would be attributable

to seasonal influences. A moderately short life-cycle of

Mitridae is suspected, but the actual life-span was impos-

sible to determine.

Juvenile shells are appreciably different in form than

are adults, and have a far greater width-index. The body

whorl is more bulbous, the outer lip is thin and unformed,

and convexly rounded. The protoconch is usually well

preserved in juveniles, and averages one to one and

one-half more nuclear whorls than in fully grown adults;

consequently the number of fully formed whorls is smaller

in juveniles than in adult shells.

DIAGNOSTIC CHARACTERS
Certain morphological characters are less reliable for

specific identification than others, while some are subject

to changes in individuals of certain species. The general

shape and form of the shell is more constant in Vexillum

species than it is in species of the genus Strigatella. The

ratio of width to length, expressed in percent, will gener-

ally vary from 4 to 7 per cent in Vexillum species, but as

much as 14 per cent in certain species of Strigatella. The

length of aperture in relation to spire length can differ by

as much as 18 per cent; certain species will be represented

by individuals whose aperture may be equal in length to

that of the spire, or considerably longer than the spire.

One hundred years ago it was not unusual to name a

specimen as a new species if it possessed two more
columellar folds than a similar species already named.

Considerable confusion has been created by writers who
believed the number of columellar folds to be constant;

some writers were even less particular in counting the

number of folds, and often omitted to include the last

two anterior folds which may have been weakly developed.

The number of columellar folds is possibly the least

reliable feature of the shell, as it will generally vary ± 1

fold from the mean, or up to 3 folds in individuals of the

same species.

The number of labral lirae, in species where they are

usually present, is another highly unreliable diagnostic

feature, since this number can vary from to 20 in a series

of shells of a species.

The form and sculpture of the whorls have been found

to be fairly reliable characteristics in a good many species,

but by no means in all. In certain species the sides of the

whorls were flattened in some individuals, but moderately

convex in others; the whorls were either rounded at the

sutures or even subangulate.

The number of fully formed whorls may vary up to 4

whorls in adult shells, while the nuclear whorls were found

to vary by 2 at the most.

The interstitial sculpture is generally a fairly reliable

feature, but also subject to changes in certain species. In

some Vexillum species the interstitial transverse grooves

may be short in some individuals, but continuous and

overriding axial ribs in others; the same applies to shells

with a sculpture consisting of axial ribs or striae.

The width, colour and placement of pattern stripes are

a variable feature in species bearing such ornamentation.

The colour and pattern of Mitridae are of course highly

variable; it should be pointed out, however, that three-

quarters of the species recorded from Fiji were rather

variable in colour, the remainder were surprisingly con-

stant in this respect.

The sculpture of the outer lip is the only constant

character which can be relied upon with confidence. Adult

specimens of species with a smooth outer lip will never

include individuals with a crenulate lip, and vice versa.

The reliability of interpretation of one or several diag-

nostic features will depend solely on the individual species,

whose particular characters may be of a fairly constant

nature, or highly variable.

In contrast to the Cypraeidae, juvenile shells of Mit-

ridae when only one quarter of the size of the adults have

a completed colour pattern, sculpture and columellar

folds; the latter, however, are sharper, more elevated and
less callous than is the case in adults. Statistics compiled

from Fiji specimens have shown that the number of axial

ribs does not increase nor decrease with maturity. This is

also the case with the ratio of aperture height to spire

height, which remains unchanged throughout develop-

ment from juvenile to adult. Although the aperture in

juveniles is generally wider and more convexly rounded,

the spire is also proportionately shorter, with a flatter

apical angle.

THE ANIMAL
The structure of the animal is similar to that of other

gastropods, consisting of a body and foot, siphon, tentacles,

eyes, proboscis, sexual and internal organs; an operculum

is absent.



Vol. 8; No. 2 THE VELICER Page 73

The foot is generally oval or cylindrical, broad and

truncated anteriorly, narrowing posteriorly. Locomotion

is achieved by waves of contractions along the foot, and

directed anteriorly; this rapid undulating rippling of the

foot is also visible on the anterior dorsal part of the foot.

The speed of forward movement on sand substrate is

moderately rapid; specimens one inch in length covered

a distance of 32 mm in 10 seconds.

The siphon is either long or short, and smooth at the

distal end. Tentacles are slender, long or short, and com-

mence from a thickened base which merges into the ante-

rior part of the animal's body. The eyes are situated at the

junction of the thickened base and slender tentacles, and

not on the tip of the tentacles as stated by H. & A. Adams

(1853). The eyes are slightly offset to the left, and in the

shape of a simple pupil which is occasionally ringed with

a lighter colour. The eyes are well developed in sand-living

Mitridae, especially those of the genus Vexillum, but

smaller in Mitra species inhabiting reef substrate.

The proboscis is generally short in the smaller species,

but fairly long in the larger species, e. g. Mitra mitra (Lin-

naeus). In the latter species the proboscis is bulb-shaped

at the distal end, horizontally wrinkled and often pro-

truding.

The animals are hermaphroditic, and the male verge

has been found to attain almost half the size of the shell in

some species.

Mitridae are carnivorous in feeding habits, similar to

the Muricacea, Volutacea and other Neogastropoda. From

observations conducted on Fijian Mitridae, it would ap-

pear that the feeding habits of the various generic groups

are diverging, a view partly confirmed by ecology and

radula pattern. Sand-dwelling species, particularly those

of Vexillum, are not only attracted to carrion, but also to

living and freshly dead flesh. The osphradium of these

species is most probably well developed, and assists in the

detection of food. Sandy lagoons in front of native villages

are often densely populated with Vexillum species, which

is due, no doubt, to the frequent discard of food particles

into the sea ; some distance away from the food source the

same species are rare. The well developed anterior canal,

osphradium, longer siphon, well developed eyes and modi-

fied radula appear to be in direct relation to their sand-

burrowing habits. The first fully formed rows of central

teeth of the radula are hardly ever worn in Vexillum, but

the hooked pointed laterals are often missing. This would

suggest a cutting and shredding method of feeding to

which this radula pattern would be particularly suited.

Mitra species inhabiting coral boulders and reef substrate

have generally a short anterior canal, shorter siphon, less

developed eyes and a radula pattern adapted for sweeping

and rasping. It is probable that coral-dwelling species of

Mitridae may be grazing on detritus layers of the substrate

and encrusting animals.

The sand-living Vexillum species have, size for size, a

somewhat larger foot than coral-dwelling Mitra species;

they have been observed to envelop and smother their

prey with the foot, very much in the same fashion as the

Olividae.

SOLE OF FOOT DORSUM OF FOOT

Figure 1

Lateral View of Mitra Animal and Shell

Certain species of Mitra, e. g. M. mitra (Linnaeus),

M. papilio (Link), and M. cardinalis (Gmelin), dis-

charge, when disturbed, a dark purple protective mucus,

which has considerable staining properties but does not

appear harmful to human beings. Attacks upon species of

Mitridae are fairly frequent, and are possibly the work of

Muricidae; shells have neat, perfectly round holes drilled

into the inner whorls; the largest hole observed measured

3 mm in diameter.

It has been found in numerous Vexillum species upon

breaking the shell that the columellar folds continue as

SIPHON

Figure 2

Dorsal View of Mitra Animal and Shell
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finely elevated spiral ridges on the interior wall of the

whorls, almost extending to the apex. This feature is

obviously of advantage to the animal for obtaining a

good slip-free traction; it also assists in the withdrawal

and extension of the animal.

The various animals of Mitridae examined during this

study possessed an individual pattern peculiar to the spe-

cies. Variability of animal pattern within a species is

slight indeed, and far less subject to changes than the

shell itself. The living animal-pattern was found to be

invaluable in the elucidation of relationships of morpho-

logically similar species.

The radula is of the rhachiglossan type, with only three

teeth per row ; the number of rows in specimens examined

varied from approximately 20 to 80 rows per ribbon. The

length of the ribbon varied from 7 to 15% of shell-length.

Radulae were either colourless and translucent, or amber

to brown in colour ; one species, i.e. Mitra papilio ( Link ) ,

had reddish-brown opaque central teeth with a definite

metallic lustre. This may indicate a ferrous compound

capping of the denticles, which has been observed in other

groups of mollusks (Lowenstam, 1962).

GENERA of MITRIDAE
Since the beginning of organized binominal nomenclature,

the family Mitridae has undergone a considerable division

and subdivision into genera and subgenera. Linnaeus,

1758, placed all Mitra species in the genus Voluta, with

the exception of Mitra scabricula (Linnaeus) , which was

placed under Buccinum in the tenth edition but removed

to Voluta in the twelfth edition of the "Systema naturae."

This taxonomic arrangement persisted in the literature to

about the time of Wood ( 1828) . Roding ( 1798) ,
however,

was the first writer to separate the group from Voluta by

establishing the genera Mitra, Vexillum and Pterygia.

Roding's genera in the "Museum Boltenianum" appear

to be frequently overlooked, since papers published as late

as 1964 omit Roding's authorship of Mitra and Pterygia.

The genus Mitra was widely accepted at the beginning

of the 19th century, due no doubt to Lamarck's writing

efforts; this author used Mitra consistently in both of his

works on the genus (1811, 1822). The group was further

subdivided by Swainson (1821 - 1840), H. & A. Adams
(1853- 1858), and Iredale (1929). Wenz (1940) ar-

ranged the species of Mitridae in 10 genera, and Cotton
(1957) placed the Australian species of Mitridae in 4
subfamilies and 26 genera. Sphon (1961) on the other

hand, pointed out the close relationship in morphological

characters of all the species of Mitridae and advocated the

use of the single genus Mitra, with other established groups

as possible subgenera. Cotton's arrangement of genera

was based purely on shell-characters, and consequently

this arrangement appears unnatural and artificial. Fur-

thermore, little is gained by extensive splitting of Mitridae

into unnatural groups of genera, which tends to obscure

the close natural affinities and relationships of members

of the family. To combine 500 to 600 recent species under

one single genus is not practicable either, since certain

groups are well-defined morphologically, ecologically and

anatomically. The radular patterns of Mitra and Vexillum

are so dissimilar that a subfamilial separation is warranted.

In Mitrinae, the central teeth of the radula are squarish to

slightly oblong, with 3-10 prong-like denticles; the lat-

erals are broad, comb-like and multicuspid. In Vexillinae,

the centrals are very broad, crescent-shaped and comb-like

and multicuspid, while the laterals are curved and hook-

shaped. Forty-five percent of Mitra species in Fiji are

found in sand substrate, and the remainder inhabit the

underside of coral boulders, and reef substrate; all the

species from Fiji assigned to Vexillum are primarily sand-

dwellers. The two groups are in addition well defined

morphologically, and only the correct generic assignment

of the various species needs to be confirmed anatomically.

Most species of the genus Pusia have well-defined mor-

phological characters, but their habitat varies from sand

substrate to coral reef substrate. Their phylogenetic rela-

tionship lies with Vexillum, but the centrals of the radula

are tricuspid, not multicuspid. In this genus, however, the

distinct gap (based on morphological characters) sepa-

rating some of the species of Pusia from those of Vexillum

is either negligible or ill-defined. Assignment of species to

the genera Strigatella, Imbricaria, Swainsonia and Ptery-

gia has been made purely on the basis of morphological

characters and habitat. Members of the genus Strigatella

are confined to the reef zone, inhabiting the underside of

coral boulders, and sand pockets and crevices of reef flats.

Species of the remaining three genera are well defined

morphologically and inhabit sand substrate of coral pock-

ets and lagoons. The taxonomic validity of these genera,

however, should be substantiated with the results of ana-

tomical studies.

Concilia has been accepted in this paper as a subgenus

of Mitra s. str. ; this may need revision, however, in view of

the radular pattern which indicates centrals similar to

Vexillum and laterals similar to those of Mitra. The genus

Cancilla would appear to fill the broad gap separating

Mitra from Vexillum. Cancilla species live in clean sand

pockets of coral reefs, and sandy coral rubble substrate

beyond the reef edge.

The group of species comprising Mitra cucumerina La-

marck, M. tabanula Lamarck, and M. chrysalis Reeve
has generally been assigned to Chrysame H. & A. Adams;
they have been retained in this paper in Mitra s. str. The
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radula and anatomy show a phylogenetic relationship

with Mitra rather than with other genera (Peile, 1937).

It was found during the course of this faunal study that

most species of the Mitridae from Fiji could be assigned

to the various genera without much difficulty. Their speci-

fic characters readily fell into seven natural, moderately

well defined genera, as shown in the table below.

CYLIN

Imbricaria S*a/r*

2 2

only one tenth of all Recent species were described.

Matters improved somewhat at the beginning of the 19th

century, and Lamarck's monograph on the genus Mitra

(1811) was the first work to offer a comprehensive

account of the family as far as known at that date. Swain-

son (1821 - 1840), Wood (1828) and Quoy & Gaimard

(1833) all contributed to the knowledge of the group

Put/a

16

MITRlNAE

ton/a

5

MITRIDAE

MITRINAE

54

Slriyottfo

12

?CancUto

04)

VEXILLINAE

44

Figure 3

Table Showing Generic Arrangement of Fijian Mitrid Species

It should be pointed out, however, that the majority

of species recorded in this paper, has been assigned to

the respective genera mainly on the basis of morphology,

ecology and animal pattern wherever observed. It is

realized therefore, that several generic assignments may
have to be revised once the anatomy and radula pattern

are known.

The delimitation and further subdivision of established

genera will largely be a matter of personal opinion of the

workers concerned, and results will vary accordingly.

Those morphological characters which appear to be of

subgeneric importance should be supported by modifica-

tion in either anatomy or radular pattern before sub-

generic division is undertaken.

TAXONOMY
The family Mitridae has not enjoyed such an immense

popularity as other groups of Gastropoda, e. g. Cypraeidae,

Conidae or Volutidae. While a few species of Mitra are

large and colourful, the majority is small, often one inch

in length or less. The natural history cabinets and private

museums of 17th and 18th century collectors were not

liberally stocked with small insignificant marine specimens,

but rather with the larger, colourful mollusks, which were

more likely to offer "delight to eye and soul." Conse-

quently there was little material available for description,

md it is not surprising that by the close of the 18th century

with descriptions and illustrations. The first illustrated

account of the family was the monograph by Kiener,

1839, which was shortly after followed by the monograph

on the genus Mitra of Reeve, 1844- 1845. Sowerby's

monographic treatment of the genus, 1874, remained the

last comprehensive fully illustrated monograph of this

family to date. Other accounts of a few species of Mitra

are scattered throughout the literature, and can be usually

found in the various proceedings of zoological and natural

history societies, and journals of conchological societies;

the various editions of the "Conchylien Cabinet" and

accounts of exploratory voyages are other sources of mate-

rial on the family. It is regrettable that the descriptions

of new species of Mitridae contained in various procee-

dings, e. g. Broderip, 1836, A. Adams, 1853, Dohrn,
1860, were not illustrated, as the descriptions are in many
instances pitifully brief and ambiguous. Subsequent icon-

ographers (Reeve and Sowerby) sometimes illustrated

species of authors which bore little resemblance to either

the original diagnoses or the type specimen.

Most engraved and coloured plates contained in Mitra

monographs are satisfactorily executed, and as fine as

could be expected from artists of the day; the depicted

figures, however, rarely show the important details of

minute sculpture of interstices, form of spiral ridges and

nuclear whorls.

Validly established Mitra names exceed 1500, but it is

highly doubtful that all represent valid species. It is often
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found that one species occurs in literature under many
different names, and infrasubspecific forms have been

assigned varietal names. The greater the variability of a

species, the more names it has usually received in litera-

ture. Species of Mitridae are just as plastic as those of

other molluscan groups and rarely run true to the "type"

or are "typical," although the majority of specimens of a

species will share similar characteristics. The numerous

taxa established for colour, size, and sculptural variants

should be recognized for what they really are : nongenetic

ecophenotypes and intrapopulation variants.

Identification of the species has been based on the

earliest available name and description applicable to the

form in question. The original type figures and descrip-

tions were consulted whenever available and compared

with the material on hand. Since a species usually ap-

peared in literature under various synonyms, the selection

of the oldest validly established name and compilation

of pertinent synonymy was an arduous task. The process

was further complicated by the often too short and equi-

vocal descriptions of established species. A species may
have been described by its author as a species with few

axial ribs and an interstitial sculpture consisting of short

spiral striae
;
upon examination of a series of specimens of

the respective species, the axial ribs were found to vary

from few to numerous, and interstitial striae to be either

short or overriding the ribs. Once again we find that

descriptions were usually based on a single specimen, and
not on a representative series of shells of a species.

In a case where the correct interpretation of a species

was suspect, every effort has been made to trace the type

specimen; to have arrived, however, at a really reliable

and positive interpretation, all extant type specimens
should have been consulted for comparison. Such a thor-

ough revision should be only practicable in preparation

for a complete monographic treatment of the group, and
is outside the scope of a faunal monograph; it would
have, however, assisted in the elucidation of the status of

such species which may have been open to dispute. Never-
theless it is hoped that misidentifications will not exceed

5% of all species recorded; all morphometric measure-
ments and ecological data will remain applicable to the
species illustrated in the event of a taxonomic revision.

The species of Mitridae recorded from Fiji have been
assigned to the appropriate genera; consequently certain
specific names have been retained which would, if com-
bined under one single genus Mitra, become secondary-
homonyms under Article 59(b) of the Code of I. C. Z. N.

In the family Mitridae, the stage of simple systematics
is still very much in evidence. Little work has been done
on functional morphology, embryology, physiology and
anatomy in general; little evidence of the early larval

stage of this group of Neogastropods can be produced,

as despite diligent search for a number of years in Fiji,

no egg masses have been discovered.

No geographical races or subspecies have been recog-

nized among the Fijian mitrid material. One would hardly

expect geographical subspecies to occur in such a geo-

graphically restricted region as the Fiji Islands. Further-

more, the splitting of species into geographical races or

subspecies is clearly the result of specialization, a stage

not yet reached in the study of the Mitridae. Thus only

those forms have been treated as full species which do not

exhibit any evidence of intergradation with the next closely

related species.

BIBLIOGRAPHY

Various works and monographs dealing with the family

Mitridae have often been cited in literature with different

dates of publication ; the notes that follow will deal mainly

with those writings which have a bearing on the family

treated in this monograph:

Neues Systematisches Conchylien-Cabinet : This colour

plate work was begun by F H.W Martini in 1769; Mar-
tini's authorship ceased with the publication of Volume
3 in 1778. Martini died in the same year, and the series

of the "Conchylien-Cabinet" was carried on by J. H.
Chemnitz, whose Volume 4 appeared in 1780. Chem-
nitz's authorship terminated with the appearance of

Volume 11 in 1795. Gmelin (1791) refers to Martini,

Volume 4 of the Conchylien-Cabinet, whereas the actual

author should be cited as Chemnitz.

Index Rerum Naturalium Musei Caesarei Vindobonensis;

pars I, Testacea: This work authored by Ignatz von
Born bears the date 1778 on the title page. Iredale

(1929, p. 281) questioned the authenticity of the printed

date and suggested the year 1780 as the conclusive date

of publication. Iredale pointed out that since the "Index"
of 1 778 and the "Testacea" of 1780 quoted each other, and
contained references to the 4th Volume of the "Conchylien
Cabinet," both works must have been prepared simulta-

neously.

Kohn (1964) advanced several indications which
prove Iredale's conclusions incorrect. Kohn mentioned
the possibility of Born having received the plates of the
fourth Volume of the "Conchylien-Cabinet" two years in

advance. He went on to say that J. S. Wittenbach
received a copy of the "Index" in 1779. Conclusive proof
that the year 1778 is indeed the correct date of publication
of the "Index" may be found in Helbling, 1779. Helb-
ling (/. c, pill) refers to Born's Patella miniata and to

the "Index" in which the description appeared.
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Tableau encyclcpedique et methodique des trois regnes de

la nature: The fascicle containing plates 287 to 390

(Mitra plates 369 to 377) was published in 1798 under

the authorship of Lamarck (fide Sherborn & Wood-

ward, 1906). My own copy bears the inscription "Par

Lamarck" on the title page to plates 287 - 390, and the

publication date is given as "An VI de la Republique."

The French Republican year VI extended from the 22nd

September 1797 to the 21st September 1798 (Godechot,

1951 ) . No day or month of the year is cited on the title

page to indicate when these plates appeared; in the ab-

sence of further external evidence, the last day of the par-

ticular year, i. e. September 21, 1798 has to be accepted as

the date of publication under Article 21b(ii) of the Code

of the I. C. Z. N. Plate 369 of this fascicle is headed "Mitre

- Mitra," and illustrates Mitra mitra (Linnaeus), M.
cardinalis (Gmelin), and M. cremitarum Roding. In

accordance with Article 16a(vii) of the Code of the

I. C .Z. N., plate headings in Latin in connection with an

illustration can be interpreted as a valid indication even

if the recognizable figures lack specific names. Lamarck
therefore established the genus Mitra in 1798 and not in

1799 as generally quoted.

Museum Boltenianum sive Catalogus cimeliorum; Pars

secunda : The authorship of this work is to be attributed to

P F. Roding and not to J. F Boi.ten (Direction 48, Novem-
ber 1956, I.C. Z.N.) . No date of publication appears on

the title page; however, the introduction by A. Lichten-
stein is dated 10th September 1798, which date should

be accepted as the earliest date demonstrated by evidence.

The genera Mitra, Vexillum and Pterygia were for the first

time validly introduced into literature in the "Museum
Boltenianum" by Roding. The genus Mitra Roding thus

has 1 1 days priority over Mitra Lamarck.

The Proceedings of the Zoological Society of London for

1835 were published April 8, 1836. The author of all

newly described species of Mitra in this publication was
W.J.Broderip, and not W.Swainson.

Species general et iconographie des coquilles vivantes:

There is no publication date on any of the separate fascicles.

Dautzenberg & Bouge (1923) cited dates ranging from
1837 to 1840 for various Mitra species listed by Kiener.
Ktener's monograph on the families Mitra and Voluta
Kiener's monograph on the genera Mitra and Voluta
may be the third volume of the series, and was published
between 1839 and 1841 (fide Sherborn & Woodward,
1901). The date 1839 has been accepted for Kiener's
Mitra species throughout this paper.

Various papers read before the Boston Natural History
Society in 1845 were published in volume 2 of the Pro-

ceedings of the Boston Natural History Society in the year

1848 (Dr. J. P. E.Morrison, in litt.).

The zoology of the voyage of "H. M. S. Samarang":

The account was written by A. Adams and L. Reeve, and

appeared in three parts. Part I, dated 1848, contains pages

1 - 24 and plates 1-9; parts II and III, containing pages

25-44, plates 10-17 and pages 45 -87, plates 18-24

respectively, were published in 1850.

The Proceedings of the Zoological Society of London for

1851 (pp. 129- 160) were not published until June 29,

1853; thus all the Mitra species described by A. Adams
from the Cumingian collection (/. c, pp. 132 - 141) date

from 1853.

The Genera of recent Mollusca arranged according to

their organization: The authors of the two volumes of

text and one volume of plates were H. and A. Adams,
and the publication date has been cited as 1853 or 1858.

The various parts and sections appeared at different dates,

but the Mitra section and Voluta section appeared in

1853 (vide p. 661 in Vol. 2).

The "Marine Mollusks of Hawaii" by H.A. Pilsbry

appeared in the Proceedings of the Academy of Natural

Sciences of Philadelphia in November, 1920. These Pro-

ceedings, however, were not issued until January 5, 1921.

The "Mitrides de la Nouvelle-Caledonie et de ses Depen-
dances" by Dautzenberg & Bouge appeared in the Jour-

nal de Conchyliologie, Volume 67, parts 2 and 3. Although
received for publication in 1922, part 2 was not publish. ,1

until February 15, 1923, and part 3 on May 10, 1923.

METHODS and OBSERVATIONS
Large series of specimens of most Mitra species were
available for study, with the exception of rare species,

usually represented by only two to five specimens in local

collections. The range listed for these rare species does
not represent a true indication of the actual limits of

variation.

All morphometric measurements were executed twice,

since an error of up to one per cent in the index was
experienced from single measurement calculations. All

measurements and results of computations were meaned,
and the accuracy of all indices kept within ±J%. Only
fully mature specimens were used for measurements, since

juvenile shells would have inflated the width index by
as much as 10% in some instances.

The descriptions of the living animal of species observed
were based on average samples of the respective species
from various localities. Only animals of species displaying
rather similar shell characters were observed more often.
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as verification of constant differences in animal pattern

between the two similar species were required.

The minima and maxima of height, width and length

of aperture were recorded. The abbreviations used have

the following meanings

:

L = Length of shell from apex to base in millimeters

W= Maximum width of shell expressed in per cent of

length

A = Length of aperture from the junction to the base,

expressed in per cent of length

|«-MAX. WIDTH -*j

Figure 4

View of Mitra Shell Showing Dimensions Recorded

Other data recorded and incorporated in the descrip-

tions of the species are as follows:

The extreme range in the number of whorls, axial ribs

and spiral ridges or grooves, interstitial grooves or striae,

columellar folds and labral lirae. In all instances the

minima and maxima have been recorded, and the mean
between these figures will represent average individuals

from the Fiji region.
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INDEX of SPECIES

(* denotes synonym, homonym or nomen nudum; (I) = Imbricaria; (M) = Mitra; (Pt) —Pterygia; (P) —
Pusia; (St) = Strigatella; (S) —Swainsonia; (V) = Vexillum)

. . 98 i 102 * cyri 82

chrysalis (M) . . . . 83 * dactyloidea 154

acuminata (St) . . . , 109 chrysostoma (M) . . . 83 dactylus (Pt) 152

115 * cincta 98 * decurtata 142

143 circula (M) . . . . 102 * deleta 85

87 * circulata 102 132

144 * clara 88 * dermestina Lamarck . . . 148

130 139 * dermestina Melv. & Stand. . 145

127 clathrus (M) . . . . 103 deshayesi (V) 123

91 coffea (M) 83 * deshayesii 123

amabilis (P) 143 * colombelliformis . . . 110 * diadema 95

amanda (V) .... 116 columbellaeformis (St) . . . 110 * digitalis 90

83 128 * discolor 114

ambigua Swains. (M) . . . 81 * concinna 146 * discolorea 122

101 * confluens 98 * discoloria 122

114 * conica Schumacher . . . . 154 * doctylus
. 152

antonellii (V) . . . . 116 * conica Kuster .... 156 * dunkeri 123

antoniae (M) . . . . 102 * conoidea 151 echinatum (V) . . . 123
* antonii 102 consanguinea (P) . 145 * elegans

83 * contempta 124 * elegantula 91

* aurantia 146 * contracta Kiener . . . . . 83 * emersoni 103

aureolata (P) . . . . 143 contracta Swains. (M) . . . 84 * episcopalis . . . 91

auriculoides (St) . . . 109 * conulus 151 eremitarum (M) . 87
* bernardiana .... 104 conularis (I) . . . . 154 exasperatum (V

)

124

bernhardina (P) . . 144 conus Gmelin (I) . . . 151 * exusta . . .

* bifasciata Morch . . 148 * conus Abbott ....
. . 151 * fasciata Sowerby . 139

* bifasciata Swainson . . . . 118 corallina (P) . . . . . 145 * fasciata D. & B.

* bizonalis D. & B. . . 143 * corbicula * fastidiosa .

* bizonalis Lamarck . . . . Ill coronata Lamarck (M

)

. . 85 fenestrata (Pt) . .
. 152

boissaci (M) . . . . . 82 * coronata Schumacher . 98, 151 * ferrugata ....
* bornii * coronata Tryon . . . 88 ferruginea (M) .

* brevis coronatum (V) . . 119 festum (V) .

* brumalis .... * corrugata .... * fijiensis . . .

cadaverosum (V) . . . 118 costatum (V) . . 121 filaris (M) . . .

caerulea , . .
crassa (Swains.) (St) . . . 110 filistriatum (V) .

* caerulescens .
* crassa Tryon . . 99 * filosa ....

caffrum (V) . .
* crathrus . flammea Q. & G. (M

)

. 104
caleaonica * crebrilinata . . fiammea Reeve . .

rny)rpitnnmA />c /T^\LuiLcttLUriUiueS
[ JT

J

. . 144 C I cut iiirututH [V J .
* flammea Tryon

* cancellata * crenifera Lamarck . . . . 103 flammigera (M)
* Candida . .

* crenifera Tryon 102 * flavescens . .

cardinalis (M) . crenulata (Pt) .
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subdivisum (V) , 136

subquadratum (V) .... 137
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DESCRIPTION of SPECIES

volutacea
Mitridae

Mitrinae

Mitra Roding, 1798

Type species by absolute tautonymy and subsequent desig-

nation
(
Winkworth, 1945) Voluta mitra Linnaeus,

1758 = Mitra mitra (Linnaeus, 1758).

1798. Mitra Roding, Mus. Bolten., p. 135

1798. Mitra Lamarck, Tabl. Encycl. meth., pi. 369

1815. Mitraria Rafinesque, Anal. Nat., p. 262

1831. Tiara Swainson, Zool. Illust, ser. 2, 2: pi. 50

1840. Thiarella Swainson, Treat. Malac, 127: 319

1840. Nebularia Swainson, Treat. Mala., 127: 319

1840. Scabricola Swainson, Treat. Malac, 127: 319

1843. Scabricula Sowerby, Man. Conch., ed. 2, p. 251 (emend.

pro Scabricola Swainson, 1840)

1853. Chrysame H. & A. Adams, Gen. rec. Moll., 1:171

1853. Isara H. & A. Adams, Gen. rec. Moll., 1: 171

1853. Mutyca H. & A. Adams, Gen. rec. Moll., 1: 172

1853. Aidone H. & A. Adams, Gen. rec. Moll. 1: 172

1853. Ziba H. & A. Adams, Gen. rec. Moll., 1: 179

1865. Mitroidea Pease, Proc. Zool. Soc. London, for 1865: 514

1869. Mauritia H. Adams, Proc. Zool. Soc. London for 1869:

273 (non Troschel, 1861)

1915. Papalaria Dall, U. S. Nat. Mus. Bull. 90: 60

1929. Vicimitra Iredale, Austr. Zool. 5: 343

Characteristics: Shell elongate-ovate or fusiform, moder-

ately thick, spire acuminate, sutures plain or crenulate,

whorls smooth or spirally ridged and striate, aperture

broad or narrow, aperture thick or thin and smooth or

crenulate, interior of aperture smooth, columella obliquely

plicate, anterior canal moderately short or slightly pro-

duced. Shell generally covered with a thick or thin

epidermis.

1. Mitra ambigua Swainson, 1832

(Plate 13; Figures 4, 4 a)

1832. Mitra ambigua Swainson, Zool. Illust., ser. 2, pit. 30,

fig. 2

1935. Mitra (Nebularia) limosa var. brevis Dautzenberg,

Mem. Mus. Roy. Hist. Nat., 2 (17) : 74

Shell: Shell large, elongate-ovate, solid and heavy ; fulvous

brown to dark brown or tan in colour, generally orna-

mented with a moderately broad light-coloured transverse

band anteriorly to the sutures; in some individuals this

band is ill defined or even obsolete. Sutures prominent,

whorls flattened, numbering from 7-9 apart from cream-

coloured nuclear whorls which are usually eroded. Spiral

grooves encircle the shell, grooves close-set, shallow and

punctate, numbering from 25 - 34 on the body whorl and

from 5 - 8 on the penultimate whorl
;
early whorls longi-

tudinally crenate at the sutures, crenations small on the

body whorl which is occasionally ornamented with scat-

tered small white spots. Whorls axially striate, striae rather

fine and sometimes obsolete. Aperture longer than spire,

outer lip fairly straight, slightly constricted centrally,

thickened and prominently crenulate; interior of aperture

bluish-white or fulvous-brown. Columella calloused, with

5-6 whitish oblique folds; anterior canal straight, calloused

and spirally corded, occasionally stained purplish-grey,

base of shell somewhat constricted at this point.

L: 35 to 69 mm; W: 34 to 39%; A: 55 to 62%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Moderately uncommon.
Distribution: Throughout the Fiji Islands - From the

Red Sea through the tropical Indo-Pacific to Polynesia

and Hawaii.
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Discussion: The light transverse band below the suture is

not a constant feature; however, it is prevalent in most

specimens.

Mitra coffea Schubert & Wagner, 1829, has often

been confounded with M. ambigua; the former is cylin-

drically-ovate, uniformly coffee brown in colour and

lacking the transverse bands, the aperture is shorter than

the spire and the outline of the body whorl also differs

from that of M. ambigua. The small white spots which

are usually prominent in M. coffea, also appear on indi-

viduals of M. ambigua, and both species are prominently

crenulate at the outer lip.

2. Mitra boissaci Montrouzier, 1858

(Plate 15; Figure 27)

1858. Mitra boissaci Montrouzier, Journ. Conchyl., 7: 373

1859. Mitra boissaci Montrouzier, Journ. Conchyl., 8: 218;

pi. 2, fig. 6

1860. Mitra cyri Dohrn, Proc. Zool. Soc. London, pt. 28: 367

1874. Mitra boissacci Sowerby, Thes. Conch., 4: 10; pi. 25,

fig. 574

Shell: Shell small, fusiform, light in weight, spire slender

and pointed; ivory-white in colour, ornamented with 10

to 12 spiral rows of small squarish chestnut-brown spots

on the body whorl, and three rows of spots on the penulti-

mate whorl. Sutures moderately impressed, whorls convex,

rounded at sutures, numbering from 7-9 apart from

protoconch of 3 glassy-brown nuclear whorls
;
finely incised

punctate spiral grooves encircle the shell, grooves occa-

sionally obsolete centrally on body whorl, numbering from

8 - 1 1 on the body whorl and from 2 - 3 on the penultimate

whorl. Anteriorly to the suture on the body whorl is a

distinct and more prominent spiral ridge, which is gener-

ally preceded by a prominent spiral groove; spire acumi-

nate, early whorls stained with light brown. Aperture

longer than the spire, narrow and elongate, outer lip

moderately thickened, faintly undulate and spotted with

brown, pointedly rounded towards the base; interior of

aperture porcelain-white.

Columella slightly calloused, concave, with 4-5 sharply

sculptured oblique folds; anterior portion of body whorl
spirally corded.

L: 15 to 21 mm; W: 32 to 38%; A: 55 to 62%
Type locality: He Pot, New Caledonia.

Habitat: In clean sand substrate from 4-10 fathoms.

Moderately rare.

Distribution: West and South Viti Levu. - New Cale-

donia, Fiji.

Discussion: Tryon (1882) and Dautzenberg & Bouge

(1923) considered this species to be a variant of Mitra

fulgetrum Reeve, 1844. The latter species has a different

shell-texture than M. boissaci (which has the appearance

of white porcelain), and is reddish-brown in colour with

white waxy axial streaks, and widely spaced shallow

punctate spiral grooves.

3. Mitra cardinalis (Gmelin, 1791)

(Plate 13; Figure 2)

1791. Voluta cardinalis Gmelin, Syst. Nat., ed. 13, p. 3458

1798. Mitra monachialis Roding, Mus. Bolten., p. 136

1817. Voluta pertusa Dillwyn, Desc. cat. rec. shells, 1: 558

(non Linnaeus, 1758)

1845. Mitra vermiculosa Chenu, Univ. Conch., p. 27; pi. 36,

fig. 2 a

Shell: Shell moderately large, elongate-ovate, solid and

heavy; white to cream in colour, ornamented with 10-15

spiral rows of irregular orange-brown spots, some of

which occasionally coalesce into larger zones especially

at the sutures. Sutures prominent, whorls convex and

rounded at sutures, numbering from 8-10 apart from the

white nuclear whorls which are usually eroded. Spiral

rows of moderately deep punctures encircle the whorls,

numbering from 22 - 30 on the body whorl and from 8

to 10 on the penultimate whorl. Axial striae cross whorls,

striae generally more prominent at the sutures and towards

the base of the shell, which is spirally corded. Aperture

longer than the spire, broad, outer lip thickened, promin-

ently dentate, and convexly elongate; interior of aperture

uniformly creamy-white to pale fawn. Columella cal-

loused, creamy-white, with 5 prominent oblique folds;

anterior canal distinctly calloused and spirally corded.

L: 20 to 70 mm; W: 40 to 45%; A: 58 to 65%
Type locality: Oceano indico.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Moderately uncommon.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Explanation of Plate 13

Figure 1: Mitra mitra (Linnaeus) . Fiji (x 0.5) Figure 2: Mitra cardinalis (Gmelin). Fiji (x 0.9) Figure 3: Mitra eremitarum
Roding. Fiji (x 0.8) Figure 4: Mitra ambigua Swainson. Fiji (x0.8) Figure 4a: Mitra ambigua Swainson. Chukwani, Zanzibar

(x 1.0) Figure 5: Mitra puncticulata Lamarck. Fiji (x 1.2) Figure 6: Mitra scabricula (Linnaeus) . Fiji (x 1.25)
Figure 7: Mitra ferruginea Lamarck. Fiji (x 1.2) Figure 7a: Mitra ferruginea Lamarck, broad variant. Fiji (1.35)

Figure 8: Mitra nubila (Gmelin) Fiji (x 1.0) Figure 8a: Mitra nubila (Gmelin), juvenile specimen, Fiji (x 1.4) Figure 9: Mitra
contracta Swainson. Fiji (x 1.0) Figure 10: Strigatella crassa (Swainson). Fiji (x 1.2)
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Discussion: Mitra archiepiscopalis Lamarck, 1811 is

possibly a synonym of M. cardinalis in part. Lamarck

referred for illustrations to Gualtieri (1742, pi. 54, figs.

H, L)
;
figure H has been referred to by Linnaeus, 1758

and Gmelin, 1791 for Voluta pertusa Linnaeus, which is

a species dubium.

4. Mitra chrysalis Reeve, 1844

(Plate 17; Figures 51, 51 a)

1844. Mitra chrysalis Reeve, Conch. Icon., pi. 25, sp. 200

1853. Mitra caledonica Recluz, Joum. Conchyl., 4: 248;

pi. 7, fig. 7

1923. Mitra (Chrysame) fraga Dautzenberg & Bouge, Joum.
Conchyl., 67: pi. 2, figs. 1, 2 (non Quoy & Gaimard,

1833)

Shell: Shell small, roundly ovate to cylindrically-ovate,

solid, spire rounded; dark orange to orange-brown in

colour, ornamented with a moderately broad interrupted

whitish band on the body whorl, and occasionally a few

small white spots or axial streaks. Sutures weakly impressed

and ill-defined, whorls convex and numbering from 6-7
apart from the protoconch which is usually eroded;

moderately deep, narrow and pitted spiral grooves encircle

the shell, numbering from 13 - 16 on the body whorl and
from 2 - 4 on the penultimate whorl ; the intervening

spiral cords are broad and flatly rounded. Aperture

longer than the spire, convexly elongate and rounded
basally, outer lip thick and crenulate; interior of aperture

orange-brown. Columella orange-brown, calloused and
with 3 - 5 prominent oblique folds; base of shell is spirally

ridged, anterior canal calloused, short and straight.

L: 9 to 22 mm; W: 52 to 60%; A: 56 to 74%
Animal: Sole of foot cream to light fawn, profusely spotted

with white; dorsum of foot creamy-white. Siphon
yellowish, tentacles yellowish, base of tentacles cream and
spotted with white

;
eyes black.

Type locality: None.
Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: Although cylindrically-ovate specimens are

predominant, some individuals resemble Mitra cucumer-
ina Lamarck in form. The latter species is dark reddish-

brown in colour, slightly more slender and with a shorter
aperture. The most constant differentiating feature is the
sculpture of the shells: in M. cucumerina it consists of
elevated angulate spiral ridges, with moderately broad
"V-shaped" interstices and axial striae; in M. chrysalis

the interstices appear only as narrow spiral grooves, and

the resulting ridges are broad, slightly rounded to flat.

For further discussion on this species see below under

M. cucumerina,

5. Mitra chrysostoma Broderip, 1836

(Plate 14; Figure 18)

1836. Mitra chrysostoma Broderip, Proc. Zool. Soc. London,

pt. 3: 194

1839. Mitra contracta Kiener, Spec. Gen. Icon. Coq. Viv., p.

24; pi. 9, fig. 25 (non Swainson, 1821)

Shell: Shell moderate in size, broadly elongate-ovate,

solid and heavy; white to cream in colour, ornamented

with irregular dark brown blotches and streaks, usually

interrupted by a pale central transverse zone on the body

whorl. Sutures prominent, whorls flattened to slightly

convex, numbering from 8 - 9 apart from protoconch

which is generally eroded. Shallow spiral grooves encircle

the shell, grooves number about 4 on the penultimate

whorl, but become obsolete on the body whorl especially

on the ultimate half of the whorl; the spiral ridges are

bisected by axial grooves, which become obsolete on the

body whorl. Aperture longer than spire, outer lip con-

stricted, thickened and smooth ; interior of aperture golden

orange. Columella calloused, yellowish in colour, with 5

to 6 moderately weak oblique folds; base of shell constric-

ted, anterior canal slightly recurved.

L: 30 to 43 mm; W: 42 to 44%; A: 57 to 62%
Type locality: Island of Annaan (Anaa Island, Tuamotu
Archipelago)

.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: West and South Viti Levu. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: The species superficially resembles Mitra fer-

ruginea Lamarck, the latter species has a different colour

pattern, the spiral ridges continue on the body whorl

right to the edge of the outer lip, which is nodulosely

crenulate, and the aperture is shorter than in M. chryso-

stoma.

The apertural features of Mitra chrysostoma are similar

to those of some Strigatella species, and the species has

been assigned interchangeably to Strigatella and Mitra;

the correct generic placement needs confirmation.

6. Mitra coffea Schubert & Wagner, 1829

(Plate 14; Figure 12)

1829. Mitra coffea Schubert & Wagner, Conch. Cab., 12: 83;

pi. 225, figs. 3096, 3097

1831. [?] Mitra punctata Swainson, Zool. Illust., ser. 2, pi. 30,
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fig. 3 (non Conoelix punctatus Swainson, 1821)

1832. Mitra fulva Swainson, Zool. Illust., ser. 2, pi. 30, fig. 1

1839. Mitra ambigua Kiener, Spec. Gen. Icon. Coq. Viv., p.

40; pi. 6, fig. 16 (non Swainson, 1832)

1844. Mitra attenuata Reeve, Conch. Icon., pi. 6, sp. 45 (non

Reeve, 1844, pi. 16, sp. 124)

1921. Mitra thaanumiana Pilsbry, Proc. Acad. Nat. Sci. Phila.

72: 313; pi. 12, fig. 21

Shell: Shell cylindrically-ovate, moderate in size, solid and

heavy; light coffee-brown to fulvous-brown throughout,

irregularly spotted with minute white dots, becoming

slightly larger towards the base. Sutures moderately in-

pressed, whorls flattened to slightly convex, numbering

from 5-6 apart from the protoconch which is broad and

blunt and contains 2 white nuclear whorls. Shell spirally

grooved, grooves close-set, moderately deep and punctate,

becoming wider and deeper towards the base; spiral

grooves number from 27 to 34 on the body whorl and from

7-11 on the penultimate whorl ; the sutures are minutely

crenulate. Aperture longer than the spire, narrow, con-

tracted and widening towards the base; outer lip

thickened, orange-brown and crenulate with elevated

transverse white ridges ; interior of aperture orange-brown

to fulvous-brown. Columella whitish, with 5-6 prominent

oblique folds; body whorl ventricose, distinctly convex

about mid-way, contracting sharply towards the anterior.

L:30to50mm; W: 37 to 41%; A:56to61%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: West and South Viti Levu. - From East

Africa through the tropical Indo-Pacific to Polynesia and
Hawaii.

Discussion: The species has often been confused with
Mitra ambigua Swainson; it differs from the latter in

having fewer whorls, being uniformly coffee-brown in

colour, and the body whorl is distinctly ventricose and
convex.

Juvenile specimens are generally chocolate-brown,
faintly longitudinally striate, striae more prominent on
the penultimate and earlier whorls.

7. Mitra contracta Swainson, 1821

(Plate 13; Figure 9)

1811. Mitra jerruginea var B Lamarck, Ann. Mus. Hist. Nat
17: 200

1817. Mitra abbatis Dillwyn, Desc. Cat. rec. shells, 1: 557
(non Perry, 1811)

1821. Mitra contracta Swainson, Zool. Illust., ser. 1, pi. 18,

top and bottom figures

1844. {1} Mitra ustulata Reeve, Conch. Icon., pi. 13, sp. 89

1962. Mitra kamehameha "Pilsbry" (MS name), Cate, The

Vcliger 4(3) : 142; pi. 33, fig. 1 (as Mitra ustulata

Reeve, 1844)

Shell: Shell moderately large, narrowly elongate, solid and

heavy; whitish to cream in colour, rarely yellowish, orna-

mented with irregular reddish-bown to chestnut-brown

blotches generally arranged in two to three transverse

rows upon the body whorl and two rows on earlier whorls.

These blotches tend to coalesce, forming either large

brown zones, axial streaks or irregular transverse bands.

Sutures moderately impressed, whorls flattened or slightly

convex, contiguous, numbering from 9 to 11 apart from

the protoconch which is always eroded; fine or coarse

slightly elevated spiral ridges encircle the shell, ridges

irregular, prominent basally and numbering from 17-36

on the body whorl and from 6-11 on the penultimate

whorl. The entire body whorl is microscopically cancellate

with fine axial striae, striae being slightly more prominent

on the penultimate whorl. Aperture slightly shorter or

longer than the spire, moderately narrow, outer lip

thickened and simple, contracted near point of commence-

ment and ilightly reflected and constricted basally ; interior

of aperture uniformly cream or pale orange. Columella

calloused, cream in colour, occasionally stained with

orange anteriorly and with 5-7 prominent oblique folds;

anterior canal generally longer than the aperture and

somewhat recurved.

L: 39 to 53 mm W: 29 to 35% A: 47 to 55%
Type locality: None.

Habitat: Dredged from coral-rubble and sand bottom, in

deep water.

Rare.

Distribution: South Viti Levu. - From the Red Sea

through the tropical Indo-Pacific to Polynesia and Hawaii.

Discussion: The species is rather variable in the ratio of

height : aperture and prominence of spiral ridges, which

often appear as spiral striae in specimens with narrow

interstices. The species has had a rather confused taxo-

nomic history, mainly because of its comparative rarity

and high degree of variability. The species was first

mentioned and figured by Chemnitz as Voluta Mitra-ab-

batis (1795, Vol. 11, pi. 177; figs. 1709, 1710). Dillwyn
(1817) validated Chemnitz's non-binominal Mitra

abbatis. The two Chemnitz figures consist of a dorsal

and ventral view of the species, and can be described

as finely executed. The figures depict a narrowly-elongate

shell with contiguous whorls, and the colour pattern on
the body whorl is composed of two well-defined rows

of bands and blotches (a third row near the suture is

indicated by a few blotches and streaks). On the earlier

whorls the blotches have coalesced into axial streaks and
transverse short zones. Since Mitra abbatis has been inter-
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preted by some writers as a shell with an obese body whorl

and a very short aperture, it has been found necessary to

record the index of width and aperture of Chemnitz's

type figures. The width index computed from measure-

ments of the length and width of figure 1709 (dorsal

view) is 31%, and that from figure 1710 (ventral view)

is 30%. The index for the aperture in relation to the

length of the shell computed from figure 1710 is 44%; by

using the length of figure 1709 the index is 46% of the

length. Thus the width and length of aperture of M.
abbatis are almost identical to those of M. ustulata Reeve

(VV: 30% of L; A: 45% of L).

Lamarck (1811) cited the two Chemnitz figures for

his variation B of Mitra ferruginea. Dillwyn's name,

however, is preoccupied by Mitra abbatis Perry, 1811,

which is a synonym of Mitra stictica (Link, 1807). The
next available junior synonym is M . contracta Swainson,

which is conceded to be a variant of M. abbatis. Mitra

contracta represents a variant with finer and more numer-

ous spiral ridges or striae, and an aperture slightly longer

than the spire.

Mitra ustulata Reeve, although identical in proportions

to M. abbatis (= M. contracta) , is referred to the syno-

nymy of the latter species with a query. Reeve's remark

"the shell is encircled with rather distant brown hairlines"

does not apply to M. contracta. It is suggested, however,

that the appearance of the brown hairlines may be due
to the imbedded remains of the brown epidermis in the

spiral striae, a feature often observed in M. ambigua,

Strigatella crassa and others. These brown hairlines are

not visible in the illustrations of M. ustulata Reeve,
supplied by J. Cate (1962; pi. 33, fig. 1).

Reeve's illustration of Mitra abbatis (1844; pi. 13, sp.

91 ) does not bear a great resemblance to the type-figures

of the species, but may possibly represent another variant

of this highly variable species. Both Chemnitz (1795)
and Reeve (I.e.) mention four columellar plaits on Mitra
abbatis; the Chemnitz figure 1710 distinctly shows five

columellar plaits, and a sixth ill-defined fold may be
hidden anteriorly.

8. Mitra coronata Lamarck, 1811

(Plate 17; Figures 55, 55a, 55b, 55c)

1795. Voluta coronata "Chemnitz," Conch. Cab., 11: 24; pi.

178, figs. 1719, 1720 (non binominal)

1811. Mitra coronata Lamarck, Ann. Mus. Hist. Nat 17: 214
215

1828. Voluta coronata, Woon, Ind. Testae, ed. 2, pi. 21, fig.

146 (non Helbung, 1779)

1839. Mitra coronata Kiener, Spec. Gen. Icon. Coq. Viv., p.

61; pi. 18, fig. 60

1841. Mitra coronata, Kuster, Conch. Cab., ed. 2, p. 88; pi.

26, figs. 5, 6

1844. Mitra coronata, Reeve, Conch. Icon., pi. 14, sp. 104 a,

104 b

1853. Mitra liarclla A. Adams, Proc. Zool. Soc. London, pt.

19: 133 (not figured)

1874. Mitra tiarella, Sowerby, Thes. Conch., 4: 20; pi. 5,

fig. 56; pi. 13, fig. 215

1874. Mitra coronata, Sowerby, Thes. Conch., 4: 20; pi. 13,

figs. 217, 219, 220

1923. Mitra (Chrysame) tiarella, Dautzenberg & Bouge,

Journ. Conchyl. 67(2) : 133 - 135 (sensu Lamarck)

1923. Mitra (Chrysame) tiarella var. deleta Dautzenberg &

Bouge, Journ. Conchyl., 67(2) : 136

1962. Mitra tiarella, J. Cate, The Veliger, 4(3) : 132; pi. 29,

fig-

3

Shell: Shell small, elongate-ovate, fairly solid; orange-

brown, reddish-brown or dark brown in colour, generally

ornamented with a distinct narrow white transverse band

just anteriorly to the sutures, and white, longitudinally

oriented coronations, which are often connected with the

white spiral band ; in some specimens examined, the white

band and coronations were light yellow and extremely

pale. Sutures moderately to distinctly impressed, whorls

flattened to slightly convex, angulate or subangulate at

sutures, numbering from 6-7 apart from protoconch

which is not discernible in adult specimens. Elevated and

rounded spiral cords encircle the shell, numbering from

11 - 16 on the body whorl and from 2 - 6 on the penulti-

mate whorl ; on dead-collected specimens the spiral cords

are somewhat worn away, and only spiral rows of deep

pits are visible. Deep, pitted axial grooves bisect spiral

ridges and number from 20 - 37 on the body whorl and from

19-29 on the penultimate whorl ; the nodulose appearance

of the shell depends on the density and closeness of the spiral

ridges and prominence of axial grooves. Some specimens

examined were distinctly axially plicate, plicae broad and

angled, numbering from 11-14 on the body whorl and

from 12-14 on the antepenultimate and penultimate

whorl. Aperture equal in height or longer than the spire,

straight or convexly rounded, constricted anteriorly, outer

lip moderately thick and crenulate; interior of aperture

white, bluish-white or greyish brown. Columella calloused,

whitish in colour, with 5-6 oblique folds; anterior canal

slightly calloused, straight or faintly recurved.

L: 16 to 29 mm W: 37 to 44%o A: 48 to 60%
Type locality: None.

Habitat: Under coral rocks on sand substrate, in crevices

of coral boulders, 1 - 20 fathoms.

Uncommon.
Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Polynesia

and Hawaii.

Discussion: The species is variable in the colour arrange-

ment of the transverse white band and the delicate white
coronations as well as the degree of prominence of spiral

sculpture. A single specimen dredged from 20 fathoms at
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Malolo Lailai, Mamanuca group (leg. A. Jennings) had

a definite olive-green cast and sparse white coronations.

Specimens dredged from the Bay of Islands, Suva (leg.

M. Freitag) were distinctly axially plicate, and the spiral

band and coronations were very pale.

Mitra coronata Lamarck, 1811, was first mentioned in

literature as "Voluta coronata" Chemnitz, 1795 (Vol.

11; pi. 178, figs. 1719, 1720). Figure 1720 (ventral view)

clearly depicts a shell ornamented with five delicate, axi-

ally oriented crenules which descend from the sutures onto

the narrow light-coloured transverse band. The works of

Martini & Chemnitz have been placed on the Official

Index of rejected and invalid works in zoological nomen-

clature (1958, Direction 1 of 21st April 1954) ; the species

was validly established by Lamarck (1811), who accepted

Chemnitz's name and figures in his citation. The author

also referred to the "Encyclopedic methodique" (1798,

pi. 371, figs. 6a, 6b) for additional illustrations. La-

marck's original description of Mitra coronata is as

follows

:

"M. Ovato-fusiformis, fulva vel spadicea; anfrac-

tum limbo albo subcrenato; striis transversis excavato

punctatis; columella quinqueplicata.

Habite . . . Encore une espece bien distincte, a tours

bordes de blanc sous les sutures. Celle-ci est ovale-fusi-

forme, moins bombee que la precedente [Mitra am-
phorella], et d'une couleur rousse presque rouge-brun.

Sa surface presente partout des stries transverse,

munies de points enfonces, et chaque tour paroit

couronne, son bord superieur etant un peu crenele et

blanc; cinq plis blancs a la columelle.

Longueur, 25 a 26 millimetres. Mon Cabinet."

Lamarck's phrases "albo subcrenato" and " et chaque

tour paroit couronne, son bord superieur etant un peu
crenele et blanc,"' are significant for the species under
discussion; his description together with the figures cited,

disassociate the species from a shell similar to Mitra
lugubris Swainson; the latter is more inflated, with a very

broad, solid white subsutural band and coarse, axially

elongated coronated folds, rather than small delicate

crenules. Lamarck's original diagnosis in conjunction with
the figures cited, is characteristic and fully adequate to

identify M. coronata of Lamarck, and of subsequent
authors.

Wood ^ 1828) , Kiener (1839), Kuster (1841), and
Reeve (1844), all illustrate Mitra coronata sensu La-
marck. Reeve (I. c, pi. 14, sp. 104a, 104b) depicts and
describes the species as " generally encircled with a single

narrow yellowish belt beneath the white crenules of the
coronated edge." Arthur Adams (1853, p. 133) rede-
scribes the species as Mitra tiarella, and his description is

almost identical to that of Lamarck, with the exception

of the phrase "longitudinaliter subplicata;" obsoletely

axially plicate specimens are occasionally found in popu-

lations of M. coronata. Adam's English summary "The

small, brown-coloured species is beautifully crowned in

adult specimens, with a diadem of white nodules at the

sutures of the whorls," leaves little doubt about his new

species' conspecificity with M. coronata Lamarck.

Sowerby (1874) illustrated both Mitra coronata La-

marck and M. tiarella A. Adams, believing the latter to

be a principal variant of the former. His figure of M.
tiarella {I. c, pi. 5, fig. 56) , the first to be published of the

species, is rather similar to the Chemnitz figures of

Voluta coronata cited by Lamarck.

Dautzenberg & Bouge (1923, pp. 133 - 136) discussed

the taxonomy of Mitra coronata ("Chemnitz") and M.
tiarella A. Adams in detail. They regarded Voluta coro-

nata "Chemnitz" and Mitra coronata Lamarck to be

homonyms of Voluta coronata Helbling, 1779 (=Vexil-

lum coronatum Helbling), and adopted Mitra tiarella

A. Adams as a substitute name. Voluta coronata Helb-

ling is placed by most modern authors in the genus Vexil-

lum and Mitra coronata Lamarck under Mitra s. str.;

under the present rules of homonymy of the Code of the

I. C. Z. N. ( 1961 )
they are not to be regarded as secondary

homonyms.

Dautzenberg & Bouge (I.e.) remarked upon the

great variability of the species (" Le Mitra tiarella est

tres variable") and admitted the identity of M. coronata

Lamarck and M. tiarella A. Adams. The author's new
variety M. tiarella var. amplificata (I. c, p. 135) is prob-

ably better associated with M. aurora Dohrn, 1861, which

appears to be a distinct species. Mitra aurora is similar to

M. coronata in form and sculpture of the sutural cren-

ules, but differs in being dark rusty-red in colour, orna-

mented with large, irregular white blotches at the sutures,

and a few unevenly distributed small white spots on the

body whorl; the spiral ridges are almost obsolete on the

body whorl, as the central area is usually smooth. The
species, which appears to have a Pacific Ocean distribu-

tion, has not been recorded from Fiji.

Lamarck's holotype of Mitra coronata is extant in the

Museum d'Histoire Naturelle in Geneva. It was not

possible to obtain photographs of the type specimen, as

the Museum is moving to new buildings and the photo-

graphic installation is out of order. Dr. Binder, however,

was kind enough to compare photographs of various

variants of M. tiarella A. Adams with Lamarck's type

specimen of M. coronata, and he had the following com-
ments to make: "We have undubitably Lamarck's type-

specimen, the length of which is 26 mm, and greatest

width 10.5 mm. It resembles most, indeed very much,
ycur smaller specimen of M. tiarella A. Adams, smoother
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form [see Plate 17, Figure 55c]. Proportions, contours and

sculpture are the same
;
only the outer lip of the aperture is

more evenly curved, not depressed. The colour is light

brown, with a continuous white band along the suture."

9. Mitra cucumerina Lamarck, 1811

(Plate 17; Figures 50, 50a)

1811. Mitra cucumerina Lamarck, Ann. Mus. Hist. Nat.,

17: 215

1817. Voluta ferrugata Dillwyn, Desc. Cat. rec. shells, 1: 535

1852. Mitra globosa MSrch, Cat. Yoldi, 1: 83

1923. Mitra (Chrysamc) cucumerina var. pallida Dautzen-

berg & Bouce, Joum. Conchyl., 67: 119 (non Reeve,

1844)

Shell: Shell small, globose, solid and heavy, pointed at

spire and base
;
reddish-orange to reddish-brown in colour,

ornamented with a moderately broad, often interrupted

white central transverse band on the body whorl. Whorls

flattened, numbering from 8 - 9 apart from protoconch

which is usually eroded in adult specimens ; elevated and

angulate spiral ridges encircle the shell, ridges slightly

rounded on the summits and numbering from 11-15 on

the body whorl and from 3 - 4 on the penultimate whorl.

Interstices of spiral ridges moderately "V"-shaped and

cancellate with numerous close-set and elevated axial

striae; on some specimens the spiral ridges on the spire

are marked with a few white spots, and rare individuals

are streaked with white upon the summits of the axial

ridges. Aperture longer than the spire, very narrow, con-

vexly rounded, outer lip very thick and crenulate, first

4-5 crenulations pale yellow or cream in colour and usually

larger than the rest; interior of aperture light brown,

with a pale transverse band. Columella orange-brown,

with 3-4 prominent oblique folds; anterior canal cal-

loused, often recurved, apex of spire whitish, sutures

hardly visible.

L: 10 to 26 mm W: 48 to 54% A: 56 to 62%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia and

Hawaii.

Discussion: The species has been frequently misidentified

in literature and collections. Lamarck's description is clear

and comprehensive, and the first reference to figures cited

was to the Encyclopedic methodique (1798; pi. 375,

fig. 1 ) . Lamarck's type specimen is extant in the Museum
d'Histoire Naturellc in Geneva, and measures 27 mm;
it agrees in diagnostic characters with Fiji specimens (Dr.

Binder, personal communication).

The species is often assigned to the genus Chrysame H.

& A. Adams. Peile (1937) studied the radula and con-

firmed Cooke's original placement of the species in the

genus Mitra. The radula of the species is of the typical

Mitra pattern, with 2 - 4 main cusps on the median and

6-10 cusps on the laterals.

Lamarck's second reference to figures for his Mitra

cucumerina was to Chemnitz (1780, Vol. 4; pi. 150, figs.

1398, 1399). There appears to be some doubt that this

figure represents the species M. cucumerina as defined by

Lamarck's original diagnosis, his reference to the figure

in the Encyclopedic methodique {I.e.) and his preserved

type specimen. The Chemnitz figure shows a shell which

is spirally grooved, with the resulting ridges being rope-

like and so close-set that the narrow interstices are only

groove-like. Mitra cucumerina is a shell with elevated

spiral ridges, and broad, axially striate "V"-shaped inter-

stices; the Chemnitz figures show a greater affinity with

the species Mitra chrysalis Reeve, 1844, and were referred

to by Dillwyn (1817) as Voluta ferrugata.

10. Mitra eremitarum Roding, 1798

(Plate 13; Figure 3)

1791. Voluta pertusa Gmelin (pars), Syst. Nat., ed. 13, p.

3458 (non Linnaeus, 1758)

1798. Mitra eremitarum Roding, Mus. Bolten., p. 136

1811. Mitra adusta Lamarck, Ann. Mus. Hist. Nat., 17: 201

181 1. Mitra flavofusca Lamarck, Ann. Mus. Hist. Nat., 17: 201

1817. Voluta ruffina Dillwyn, Desc. Cat. rec. shells, 1: 545

(non Linnaeus, 1767)

Shell: Shell moderately large, slender, heavy and solid;

cream to pale yellow in colour, ornamented with tan or

dark rusty-brown longitudinal streaks, which become often

interrupted on the body whorl by a transverse pale zone.

Sutures moderately impressed, whorls slightly convex,

numbering from 6 - 8, inclusive of the nuclear whorls

which cannot be distinguished in adult specimens; whorls

are almost continuous and the sutures are adorned with

short oblique axial riblets. Shell spirally striate, grooves

punctate and shallow, spiral ridges broad and flat, num-

bering from 26 - 38 on the body whorl and from 6-11

on the penultimate whorl; spiral ridges are crossed by

fine axial striae, which are generally more prominent on

smaller specimens than on larger ones, especially on the

earlier whorls. The fine spiral striae appear to be stained

w ith brown, an effect due to the imbedded periostracum;

the two nuclear whorls arc almost white, and also more

prominent in smaller specimens. The aperture is longer

than the spire, outer lip thick and calloused, crenulate

and dentate anteriorly, crenations sometimes streaked with

brown; interior of aperture highly enamelled, uniformly

cream to pale fawn in colour. Columella heavily calloused,
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golden fawn in colour, with 4-6 oblique folds; base of

shell slightly constricted, spirally corded, anterior canal

calloused and straight.

Juvenile shells have distinct and angulate transverse

ridges; longitudinal striae are numerous and distinct, the

brown axial streaks appear as broad brown bands at the

sutures, and the first four nuclear whorls are pure white.

L: 32 to 80 mm W: 33 to 38% A: 52 to 58%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Moderately common.
Distribution: Throughout the Fiji Islands. - From Mal-

aysia through the tropical Pacific to Polynesia and Hawaii.

Discussion: This species may just possibly be Mitra ruffina

(Linnaeus, 1767). Linnaeus' description is too short

and ambiguous for a positive identification, and is regard-

ed as a nomen dubium following Dodge (1955, p. 108).

Giant specimens of Mitra eremitarum closely resemble

M. terebralis Lamarck, 1811, as illustrated by Sowerby
(1874). Lamarck's M. terebralis cannot be identified

from the description alone and no references to figures

had been cited. Some writers have associated M . terebralis

Lamarck with M. incompta (Solander in Lightfoot,

1786), a somewhat equivocal identification in view of the

absence of figures accompanying Lamarck's description.

11. Mitra ferruginea Lamarck, 1811

(Plate 13; Figures 7, 7a)

181 1. Mitra ferruginea Lamarck (pars) , Ann. Mus. Hist. Nat.,

17: 200

1817. Voluta vitulina Dillwyn, Desc. Cat. rec. shells, 1: 553

1874. Mitra clara Sowerby, Thes. Conch., 4:11; pi. 28, fig. 652

Shell: Shell moderate in size, slender and elongate or

stout and elongate-ovate, solid and heavy, anteriorly con-

stricted; whitish to cream in colour, ornamented with

moderately broad, longitudinal rusty-brown blotches and
streaks, which are usually interrupted by a pale central

zone on the body whorl. Sutures moderately impressed,

whorls slightly convex, numbering from 9-10 inclusive

of nuclear whorls; spire acuminate, especially in smaller

specimens, early whorls angulate at the sutures. Shell

encircled by prominent elevated spiral ridges, generally

flattened or slightly rounded on the summits, intervening

grooves moderately "V"-shaped; spiral ridges number from
16-21 on the body whorl and from 3 - 4 on the penulti-

mate whorl, becoming distinctly undulate on earlier

whorls. Interstices of spiral ridges with fine axial riblets

which become almost obsolete on the penultimate and
body whorl. Aperture equal in height to spire, truncated
anteriorly, outer lip thick and prominently denticulate,

interior of aperture golden brown; columella calloused,

flesh-coloured, with about 5 oblique folds. Anterior canal

slightly produced, straight or recurved, often slightly

longer than the outer lip.

Juvenile specimens are obese, more distinctly constricted

towards the base, with the blotches on the body whorl

usually larger and darker brown; the interstitial striae

are more prominent and the lower half of the body whorl

is pale fawn, while the remainder is chestnut-brown.

L: 23 to 56 mm W: 37 to 45% A: 47 to 54%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow and deeper water.

Distribution: Throughout the Fiji Islands - From the

Red Sea throughout the Indo-Pacific to Polynesia, Hawaii

and Clipperton Island.

Rare.

Discussion: Mitra clara Sowerby, 1874 is the more slen-

der and elongate variant of the species and not at all

unusual in certain populations.

Lamarck's Mitra ferruginea was a composite species;

for his var. B, Lamarck cited the figures from Chemnitz

(1795, Vol. 11; figs. 1709, 1710), which represent Voluta

abbatis Dillwyn, 1817 (== Mitra contracta Swainson,

1821).

Certain morphological features suggest a relationship

with members of the genus Strigatella, and the assignment

of this species in the genus Mitra needs confirmation.

12. Mitra floridula Sowerby, 1874

(Plate 17; Figure 52; Text figure 5)

1874. Mitra floridula Sowerby, Thes. Conch., 4: 20; pi. 16,

fig. 283; pi. 27, fig. 611

1882. Mitra (Chrysame) coronata Tryon (pars) , Man. Conch.

4: 148; pi. 44, fig. 283 (non Lamarck, 1811)

Shell: Shell moderate in size, elongate-ovate, solid and

heavy; reddish-brown in colour, ornamented with a

narrow cream-coloured transverse band just anteriorly to

the sutures, and irregular, large and small white blotches

and streaks; in some specimens the white blotches are

arranged in an ill-defined band just above the base of the

shell. Sutures moderately impressed, finely crenulate,

whorls flattened and angulate at sutures, numbering from

8-9 inclusive of the protoconch ; broad and rounded

spiral ridges encircle the shell and number from 13 - 16 on

the body whorl and from 4 - 5 on the penultimate whorl.

Interstices of spiral ridges are cancellate with elevated,

short axial riblets and moderately deep pits. Aperture

equal in height or longer than spire, outer lip elongate,

thick and crenulate; interior of aperture bluish-white or

light grey. Columella heavily calloused, whitish basally,

with 5 - 6 prominent oblique folds; base of shell constric-

ted, anterior canal calloused and slightly recurved.



Vol. 8; No. 2 THE VELIGER Page 89

L: 20 to 45 mm W: 38 to 43% A: 50 to 62%
Radula: The specimen examined measured 41.0mm in

length and the animal was a female. The radular ribbon

is of the Mitra pattern and light amber in colour; it

measured 3.8 mm in length and 0.8mm in width. The
fully-formed rows numbered 60 (plus 5 nascentes), and

the first two to three rows of the radula were worn in an

arc-like manner. The centrals are roughly elliptical,

broader than they are long, and have 7 moderately long

main cusps; the accessory denticles at the top of the plate

0.1 mm
^

mp

2.8mm

Figure 5

Mitra floridula Sowerby. Fiji Islands

a : one row of radular teeth b : lateral view of proboscis

am = annular muscles o = exposed odontophore

c : front view of proboscis

mp = mouth of proboscis

arc almost obsolete in some rows of the same ribbon. The
laterals are very broad and short, 3 J times the width

of the centrals and have 16 main cusps which are distrib-

uted over almost the entire width of the plate.

The proboscis had a length of 20.8 mm (after preser-

vation), with a maximum width at the distended end

of 2.8 mm. The entire length of the proboscis is coarsely

wrinkled, with the exception of the bulb-like distension

and the area between the annular muscles. The position

and attachment of the odontophore within the proboscis

are the same as in Strigatella crassa (Swainson).
Egg-deposition has been observed in a specimen 55.0

millimeters in length (A. Jennings, personal communi-
cation). Egg-cases are vase-shaped, measuring 6mm to

7mm in height, and fully transparent; 18 egg-capsules

were scattered over an area of one and one-half inches.

The egg-cases can be clearly seen through the envelope,

and arc round, light yellow in colour and numerous.

Type locality: Mauritius.

Habitat: Under coral rocks on sand and reef substrate, in

shallow and deeper water.

Moderately rare.

Distribution: West and South Viti Levu. - From Mau-

ritius through the tropical Indo-Pacific to Fiji.

Discussion: In some specimens the white coronations are

quite prominent, in others they are very small and almost

obsolete, while in rare individuals the small coronations

are arranged in a double row near the suture.

Sowerby's second figure of Mitra floridula (1874; fig.

611) appears to be a most unusual variant of this species.

13. Mitra fraga Quoy & Gaimard, 1833

(Plate 16; Figure 42)

1833. Mitra fraga Quoy & Gaimard, Voy. Astrol., 2: 660; pi.

45 bis, figs. 28, 29

1844. Mitra peregra Reeve, Conch. Icon., pi. 24, sp. 186

1957. Mitra fragra Cotton, Roy. Soc. South Austral. Mai.

Sect., 12: 2

Shell: Shell small, elongate-ovate to roundly-ovate, fairly

solid; dark red to reddish-brown in colour, ornamented

with small, close-set orange spots on the spiral ridges.

Sutures weakly impressed, whorls flattened to slightly

convex, slightly angulate at sutures, numbering from 6-8
apart from protoconch of 2 glassy-white nuclear whorls;

elevated and rounded spiral ridges encircle the shell,

ridges close-set or wide-spaced, numbering from 10- 13

on the body whorl and from 3 - 4 on the penultimate

whorl. Interstices of spiral ridges "V"-shaped and cancel-

late with elevated axial striae which are either confined

to the interstices or overriding spiral ridges. Aperture

equal in height or longer than the spire, narrow, outer

lip convexly rounded, thickened and crenulated; interior

of aperture light grey or brownish-grey. Columella cal-

loused basally, reddish-brown or orange-brown in colour,

with 4-5 prominent oblique folds; anterior canal straight

or recurved.

L: 12 to 30mm W: 41 to 51% A: 52 to 61%
Animal: Sole of foot pale yellow, sparsely spotted with

light fawn; dorsum of foot creamy-yellow, spotted with

a lighter shade of cream. Siphon translucent white;

tentacles short, white, base white, eyes black.

Type locality: Philippine Islands.

Habitat: Under coral rocks, on reef and sand substrate,

and on coral-rubble bottom, from 0-4 fathoms.

Uncommon.
Distribution: Throughout the Fiji Islands - From the
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Seychelles Islands through the tropical Indo-Pacific to

Polynesia.

Discussion: Certain specimens have undulate spiral ridges,

and in several specimens examined the white or orange

spots upon the spiral ridges were nodulose.

Reeve (1844) synonymized Mitra nucleoid Kiener,

1839 (non Lamarck, 1811) with his own M. peregra.

Kiener's description and figure do not agree with M.
peregra Reeve, and no mention is made by Kiener of the

light-coloured prominent spots on the spiral ridges.

14. Mitra imperialis Roding, 1 798

(Plate 14; Figure 11)

1791. Voluta pertusa var. y Gmelin, Syst. Nat., ed. 13, p. 3458

1798. Mitra imperialis Roding, Mus. Bolten., p. 135

1811. Mitra millepora Lamarck, Ann. Mus. Hist. Nat., 17: 198

1817. Voluta cribum Dillwyn, Desc. Cat. rec. shells, 1: 559

1817. Voluta digitalis Dillwyn, Desc. Cat. rec. shells., 1: 559

Shell: Shell moderate in size, elongate-ovate, solid and

heavy; chestnut-brown to orange-brown in colour, orna-

mented with irregular large white blotches, small white

spots and longitudinal dark brown streaks. Sutures moder-

ately impressed, whorls flattened, numbering from 7-8
apart from the protoconch

;
spiral rows of deep punctures

encircle the shell, numbering from 15-20 on the body
whorl and from 5 - 7 on the penultimate whorl. Early

whorls spirally grooved, punctures becoming obsolete,

apex whitish, sutures with small, blunt white-tipped coro-

nations which become obsolete on early whorls. Aperture
equal in height or longer than the spire, aperture broaden-
ing basally, outer lip thick and sharply dentate; interior

of aperture pale yellow to orange. Columella calloused,

cream in colour, with 5-6 prominent oblique folds; ante-

rior canal calloused, spirally corded, slightly recurved.

L: 40 to 60mm W: 36 to 39% "
A: 53 to 59%

Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: Throughout the Fiji Islands - From the

Red Sea through the tropical Indo-Pacific to Polynesia.

Discussion: The species is sometimes described as being

white in colour and ornamented with tan blotches. In Fiji

specimens the tan or orange-brown colour is the dominant

one, while the white colour appears in the form of

blotches.

Linnaeus' original diagnosis and citation of figures

for Voluta pertusa (1758, p. 732) may equally well

apply to either Mitra cardinalis (Gmelin) or M. imperi-

alis Roding. As this species cannot be unequivocally

identified, Linnaeus' Voluta pertusa is treated as a species

dubium, following Dodge (1955).

15. Mitra loricata Reeve, 1844

(Plate 14; Figure 20)

1844. Mitra loricata Reeve, Conch. Icon., pi. 22, fig. 174

Shell: Shell moderately small, elongate, heavy, solid; whit-

ish in colour, ornamented with three continuous or inter-

rupted orange transverse bands on the body whorl, and

one single band on earlier whorls. Sutures moderately

deep, whorls slightly convex, rounded at sutures, number-

ing about six apart from protoconch of two whitish

nuclear whorls
;
irregular, rounded axial ribs cross whorls,

some ribs more elevated than others, white on their

summits and orange in interstices, numbering about 30

on the body whorl and 28 on the penultimate whorl.

Moderately deep spiral grooves encircle shell, grooves

bisecting axial ribs giving the shell an overall nodulose

appearance, and numbering from 18-20 on the body

whorl and 6 - 7 on earlier whorls ; sutures are prominently

nodulose. Aperture equal in height to the spire, very

narrow, convexly-elongate, outer lip thick; interior of

aperture whitish. Columella calloused, white in colour,

with 5 prominent oblique folds; anterior canal spirally

corded and slightly recurved.

L: 37.6mm W: 36% A: 51%
Type locality: None.
Habitat: Unknown.

Very rare.

Distribution: Likuri Island, Southwest Viti Levu. - ?

Discussion: Only one single specimen has so far been
collected in Fiji; the specimen illustrated has the apex
and part of the anterior canal and aperture missing.

Explanation of Plate 14

Figure 11: Mitra imperialis Roding. Fiji (x 0.7) Figure 12: Mitra coffea Schubert & Wagner. Fiji (x 1.0) Figure 13: Mitra
sophiae Crosse. Fiji (x 1.5) Figure 14: Mitra ticaonica Reeve, papalis (Linnaeus). Fiji (x 0.5) Figure 18: Mitra chrysostoma

Figure 16: Mitra variabilis Reeve. Fiji (x 1.2) Figure 17: Mitra Fiji (x 1.3) Figure 15: Mitra stictica (Link). Fiji (x 0.8)
(Broderipj Fiji fx 1.1) Figure 19: Mitra species. Fiji (x 0.9) Figure 20: Mitra loricata Reeve. Fiji (x 1.3) Figure 21: Mitra
peculiaris RF.zvz. Fiji (x 3.3) Figure 22: Mitra papilio (Link). Fiji (x 1.0) Figure 22a: Mitra papilio (Link)

,
sculptural variant.

Fiji (x 1.3) Figure 23: Mitra granatina Lamarck. Fiji (x 1.0) Figure 24: Mitra variegata (Gmelin). Fiji (x 1.65)
Figure 24 a: Mitra variegata (Gmelin), specimen with wide-spaced spiral grooves. Fiji (x 1.4) Figure 25: Mitra clathrus (Gmelin).

Fiji (x 1.2) Figure 26: Mitra amoena A. Adams. Fiji (x 1.8) Figure 26a: Mitra amoena A. Adams. Mauritius (x 2.0)
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16. Mitra lugubris Swainson, 1822

(Plate 17; Figure 53)

1822. Mitra lugubris Swainson, ZooI. Illust., ser. 1, pi. 66,

top and bottom figures

1841. Mitra elegantula Kuster, Conch. Cab., p. 103; pi. 17,

figs. 6, 7, 8

1874. Mitra albofasciata Sowerby, Thes. Conch., 4: 4; pi. 16,

fig. 300

Shell: Shell moderately small, elongate-ovate, fairly solid;

dark brown in colour, ornamented with a broad white and

continuous transverse zone at the sutures, and occasionally

a few small white spots on whorls; the base of the shell

is white, provided that the thick periostracum is removed.

Sutures deeply impressed, whorls convex, rounded at

sutures, numbering from 5-7 apart from protoconch of

2 - 2\ white nuclear whorls; moderately elevated, narrow

and rounded spiral ridges encircle the shell, numbering

from 12 - 17 on the body whorl and from 3 - 7 on the pen-

ultimate whorl, ridges becoming broader and flatter

towards the base. Irregular, deep axial grooves cross

whorls and bisect spiral ridges, numbering from 28 - 40

on the body whorl and from 20 - 37 on the penultimate

whorl ; interstices of spiral ridges deeply pitted at point of

intersection with the axial grooves, and finely axially

striate. Sutures irregularly and obsoletely coronate, and

the first 3 or 4 spiral ridges anteriorly to the sutures

generally more prominent. Aperture longer than the spire,

outer lip only slightly convex, occasionally almost straight,

thickened and crenulate; interior of aperture porcelain-

white or bluish-white, occasionally dark brown. Anterior

half of columella white, calloused, with 5-6 prominent

oblique folds; anterior canal calloused, whitish in colour,

straight or slightly recurved.

L: 12 to 33mm W: 42 to 47% A: 55 to 63%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Moderately common.
Distribution: Throughout the Fiji Islands. - From South

Africa through the tropical Indo-Pacific to Polynesia and

Hawaii.

Discussion: The colour of the aperture is rather variable;

however, the majority of specimens examined from Fiji

had a porcelain-white to bluish-white aperture, while only

a few specimens had a dark brown interior.

Live-collected shells are covered with a thick, brown
periostracum, and only if this is removed does the white

colouring of the base become visible.

Cotton (1957) alternately placed the species in the

genera Chrysame and Mitraria; it has been retained here

in the genus Mitra s. str.

17. Mitra mitra (Linnaeus, 1758)

(Plate 13; Figure 1)

1758. Valuta mitra Linnaeus. Syst. Nat., ed. 10, p. 732

1758. Voluta episcopalis Linnaeus, Syst. Nat., ed. 10, p. 732

1798. Mitra carmelita Roding, Mus. Bolten., p. 136

Shell: Shell large, rather heavy and solid; white in colour,

ornamented with 5-9 transverse rows of irregular, but

often squarish or rhomboidal bright orange spots on the

body whorl ; earlier whorls are ornamented with only 2-3

rows of blotches. Sutures moderately impressed, whorls

convex, rounded at sutures, numbering from 9-10 inclu-

sive of the protoconch. Fine punctate spiral lines encircle

the shell, numbering from 5-8, becoming obsolete on the

last two or three whorls. Aperture equal in height to spire,

widening basally, outer lip almost perpendicular, thick

and distinctly crenulate, crenations becoming thorn-like

projections anteriorly; interior of aperture cream to

yellowish in colour. Columella heavily calloused, with

4-5 prominent oblique folds; anterior canal with a prom-

inent folded callus, and spiral striae.

Juvenile specimens about 20 mm in length are short and

obese, with the aperture longer than the spire; body whorl

distinctly spirally ridged, interstices of ridges punctate.

Spiral ridges elevated on earlier whorls; interstices with

short axial grooves; aperture bow-shaped, outer lip thin,

and lacking dentition.

L: 34 to 170mm W: 30 to 34% A:48to547o
Animal: Sole of foot greyish-white, mottled with dark

brown; dorsum of foot creamy-white, streaked with dark

brown at the edges. Siphon light grey, transversely finely

lined with white; tentacles light grey, proboscis very long,

bulbous, fawn at the tip becoming grey towards the base.

Type locality: None.

Habitat: In clean sand patches in shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia and

Hawaii.

Discussion: With the turn of the tide, the species becomes

active and leaves broad tracks in the sand. The proboscis

is rather long and most of the time it is protruding.

18. Mitra cf. Mitra nigricans Pease, 1865

(Plate 17; Figure 54)

1865. Miira nigricans Pease, Proc. Zool. Soc. London, p. 514

Shell: Shell small, elongate, light in weight, spire slender

and pointed; dark brown in colour, ornamented with a

narrow spiral band, usually brown or light orange in

colour, just anteriorly to sutures. Sutures moderately to
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deeply impressed, whorls flattened to slightly convex, num-

bering from 6-8 apart from protoconch which was eroded

on specimens examined; small, almost obsolete elevated

short ridges are positioned on top of the sutures. Shell

spirally grooved, grooves shallow and punctate, numbering

from 14 - 19 on the body whorl and from 6 - 7 on the pen-

ultimate whorl. Aperture equal in height or slightly longer

than the spire, moderately narrow, outer lip moderately

thickened and crimped, convexly elongate; interior of

aperture bluish-white or brownish. Columella calloused,

whitish, with 4-5 prominent oblique folds ; base of shell

spirally corded, anterior canal calloused and straight or

slightly recurved.

L: 13 to 28mm W: 34 to 39% A: 50 to 55%
Type locality: Sandwich Islands (Waikiki, Oahu, Hawaii-

an Islands; designated by J. Cate, 1963).

Habitat: Dredged from 15-20 fathoms on coral and
rubble-bottom substrate. Rare in the West of Viti

Levu, uncommon in the South.

Distribution: West and South Viti Levu. - Hawaii.
Discussion: Live-collected specimens are almost blackish-

brown in colour and while the majority of specimens is

smooth at the sutures, occasional specimens show small

and short elevated striae at the sutures, only visible under
magnification.

Pease did not illustrate his new species, but a recent

review with illustrations of Mitra nigricans Pease can be
found in Cate (1963). Fiji specimens agree in form,
colour pattern, columellar folds and other salient features

with Pease's original diagnosis, with the exception of the

outer lip. The outer lip in Fiji specimens is almost smooth,
but in some individuals it is faintly crimped, but not
crenulate in the true sense of the word.
A rather similar species to that illustrated here was

figured by Tinker (1958) under the name Mitra oster-

gaardi Pilsbry, 1920 (plate facing page 154, third row,
right and left).

19. Mitra nubila (Gmelin, 1791)

(Plate 13; Figures 8,8a)

1784. Mitra versicolor Martyn, Univ. Conch., 1: pi. 23 (non
binominal)

1791. Voluta nubila Gmelin, Syst. Nat. ed. 13, p. 3450
1795. Voluta nubila, Chemnitz, Conch. Cab., 11: pi. 177, figs.

1705, 1706 (non binominal)

1811. Mitra versicolor, Lamarck, Ann. Mus. Hist. Nat., 17: 199
1874. Mitra propinqua A. Adams, Sowerby, Thes. Conch

4: 3; pi. 5, fig. 59

Shell: Shell moderately large, elongate-ovate, somewhat
inflated and solid; ivory-white to cream in colour, orna-
mented with irregular yellowish-brown or reddish-brown

straight or wavy narrow axial streaks and small spots;

in some individuals the brown streaks are bordered with

small whitish spots, and the body whorl bears two narrow

brown transverse bands. Sutures shallow, whorls rounded

and somewhat bulbous, numbering from 8-10 apart from

protoconch of 1-1-2 white nuclear whorls; spiral rows

of moderately deep punctures encircle the shell, num-
bering from 22 - 33 on the body whorl and from 6-10
on the penultimate whorl; punctures extend sometimes

as obsolete short axial striae onto the intervening broad

and flat ridges. Aperture equal in height or slightly longer

than the spire, broad and convexly elongate, outer lip

thickened, dentate, occasionally with small brown spots

on the summits of the crenations; interior of aperture

porcelain-white. Columella calloused, white in colour, with

5 prominent oblique folds; anterior canal straight or

slightly recurved, and prominently calloused.

L: 38 to 64mm W: 35 to 40% A: 52 to 57%
Type locality: In Oceano australi ad insulas arnicas

[Tonga Islands].

Habitat: Under coral rocks on sand substrate, in patches

of sand, in shallow water.

Uncommon.
Distribution: South and West Viti Levu, Lau Islands. -

Pacific.

Discussion: Gmelin's Voluta nubila was based on a figure

of Mitra versicolor Martyn, 1784 (Vol. 1; pi. 23). Mar-
tyn's work, however, has been rejected for nomenclatorial

purposes under opinion 456 of the I. C.Z.N. (1958, 15th
March 1957). Voluta nubila Chemnitz is undoubtedly
conspecific with Gmelin's species; the two Chemnitz
figures, however, were cited as type figures for Mitra san-

guinolenta Lamarck, 1811, a species described by its

author as fusiformly-ovate, white in colour, with small
reddish spots and axial flames, five columellar folds, and
sculptured with pitted spiral grooves and very small
axial striae. Lamarck's description of M. sanguinolenta,
and especially the type-figures, bear little resemblance to

the purported holotype preserved in the Museum Na-
tional in Paris and illustrated by J. Cate, (1962; pi.

11, fig. 2) ; this holotype, however, closely resembles Kie-
ner's figures of M. sanguinolenta. Reeve (1844), when
describing M. versicolor (=M: nubila), remarked that
"Lamarck's M. sanguinolenta appears to be a variety of
this species [M. nubila], and not the shell figured for it

by Kiener, which looks like a worn M. texturata."
Sowerby's comment (1874) was as follows: "M. sangui-
nolenta Lamarck, considered doubtful as figured by
Kiener, and here copied (pi. 11, fig. 160)." In view of
the striking resemblance of the holotype of M. sanguino-
lenta as figured in J. Cate (/. c.) to Kiener's illustration
of the species, and the dissimilarity to Lamarck's type-
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figures of M. sanguinolenta, the holotype photograph

could possibly represent Kiener's type-specimen and not

that of Lamarck.

The reddish-brown axial streaks are either narrow and

close-set, or broader and wide-spaced; some specimens

are faintly banded with brown on the body whorl.

20. Mitra nucleolus Lamarck, 1811

(Plate 16; Figure 43)

1811. Mitra nucleoid Lamarck, Ann. Mus. Hist. Nat., 17: 218

1923. Mitra (Chrysame) nucleolus, Dautzenberg & Bouge,

Journ. Conchyl., 67(2) : 126 (valid emend.)

Shell: Shell very small, ovate, acuminate at spire and

base; orange-brown to dark fawn in colour throughout,

early whorls white. Sutures moderately impressed, whorls

flattened or slightly convex, faintly angulate at sutures,

numbering from 7-8 apart from protoconch of 2\ glassy-

white nuclear whorls. Body whorl obsoletely axially cos-

tate, costae broad and undulate, numbering from 11-14

on the body whorl and from - 4 on the penultimate

whorl; elevated spiral ridges encircle the shell, ridges

bluntly rounded or flat on the summits, numbering from

11-13 on the body whorl and 3 on the penultimate

whorl. Interstices of spiral ridges "V"-shaped, with fine

and numerous axial striae ; the penultimate and antepen-

ultimate whorls have 2-4 axial grooves extending from

suture to suture, and the early whorls are white and finely

beaded. Aperture equal in height or slightly longer than

the spire, narrow, outer lip thickened and crenulate,

narrowing abruptly towards the base ; interior of aperture

smooth and greyish-brown in colour. Columella brown in

colour, calloused, with 3 whitish oblique folds, the fourth

fold becoming obsolete; anterior canal calloused, pro-

duced, spirally corded and straight, slightly longer than

the outer lip.

L: 10 to 14mm W: 45 to 48% A: 50 to 56%
Type locality: None.

Habitat: Under coral rocks on sand substrate, on coral-

rubble bottom from 5-7 fathoms.

Rare.

Distribution: Throughout the Fiji Islands. - From Indo-

nesia to Fiji.

Discussion: Although Lamarck's original description

lacks citation of figures, it is adequate for a positive

identification. The author described the species as small

in size (15 to 16mm), ovate, yellowish or fawn in colour

throughout, with more or less unobtrusive longitudinal

costae, spiral grooves and four columellar folds.

Dautzenberg & Bouge (1923) emended Mitra nucle-

oid to M. nucleolus. The authors pointed out that nucleo-

lus is a diminutive of the noun nucleus (diminutive of

nux), and thus retains the masculine gender. The author's

emendation is justified under article 33 (i) of the Code of

the I. C. Z. N. ( 1961] and is to be attributed to the original

author. Mitra nucleolus, however, was established by La-

marck in 1811, not in 1822 as stated by Dautzenberg
& Bouge.

The same species seems to be illustrated in Tinker
under Mitra species from Hawaii (1958, plate facing page

154, bottom row, figure on extreme left).

21. Mitra papalis (Linnaeus, 1758)

(Plate 14; Figure 17)

1758. Voluta papalis Linnaeus, Syst. Nat., ed. 10, p. 732

1957. Mitra papilis Cotton, Roy. Soc. South Austral. Malac.

Sect., 12: 2

Shell: Shell large, elongate-ovate, solid and heavy; whitish

in colour, ornamented with close-set transverse rows of

irregular dark reddish-brown blotches on the body whorl

and earlier whorls. Sutures deeply impressed, whorls con-

vex, prominently coronate at sutures, numbering from 8

to 9 apart from protoconch of 2 white nuclear whorls;

punctate spiral grooves encircle the shell, grooves becom-

ing obsolete on the penultimate and body whorl in large

specimens. Aperture equal in height or longer than the

spire, fairly broad, outer lip straight, thickened and

crenate ; interior of aperture cream to light yellow or orange.

Columella calloused basally, cream in colour, with 5-6
prominent oblique folds; base of shell with flat spiral

cords, anterior canal calloused and straight.

L: 55 to 107mm W: 35 to 39% A: 52 to 58%
Type locality: O. Asiatico

Habitat: In coarse, clean sand and among weed, from 1

to 4 fathoms.

Rare.

Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia, Ha-
waii and Clipperton Island.

22. Mitra papilio (Link, 1807)

(Plate 14; Figures 22, 22a)

1791. Voluta exaspcrata var. /? Gmelin, Syst. Nat., ed. 13,

p. 3453

1807. Voluta papilio Link, Beschr. Nat.-Samml. Univ. Ros-

tock, p. 127

1811. Mitra scabiiuscula Lamarck, Ann. Mus. Hist. Nat., 17:

203

1844. Mitra sphaerulata "Martyn," Reeve, Conch. Icon., pi.

5, sp. 37

Shell: Shell moderately large, fusiformly-elongate to elon-

gate-ovate, rather solid; whitish to pale cream in colour,

ornamented with one or rarely two broad, reddish-brown

central transverse bands on the body whorl, and a nar-

rower ill-defined band adjoining sutures on earlier whorls;

this band is often broken up into spots, or is absent
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altogether. Sutures weakly impressed, whorls convex,

rounded at sutures, numbering from 8-9 apart from

protoconch of 2 glassy-brown nuclear whorls; prominent

elevated spiral cords encircle the shell, numbering from

13 - 17 on the body whorl and from 5 - 6 on the penultimate

whorl ; some specimens have from 1-4 additional finer

spiral cords and fine spiral striae. The main spiral cords

are ornamented with bluish-black dots and dashes, while

the interstitial smaller cords are spotted with reddish-

brown; spiral cords are bisected by close-set longitudinal

deep striae, giving the shell a somewhat granulose appear-

ance. On the earlier whorls, the spiral cords are often so

compressed that no interstitial spaces are visible. Aperture

equal in height or longer than the spire, narrow and

elongate, outer lip thickened and crimped; interior of

aperture pale orange-fawn, deep interior cream. Colum-

ella calloused, orange-fawn in colour but posteriorly cream,

with 4-5 prominent oblique folds ; anterior canal slightly

calloused, fairly straight, and with two to three isolated

spiral cords.

L: 16 to 55mm W: 31 to 39% A: 51 to 60%
Animal: Sole of foot translucent cream, densely spotted

with white round spots; dorsum of foot anteriorly lined

with rusty-brown, posteriorly with a longitudinal central

band consisting of black, marbled blotches. Siphon trans-

lucent cream, spotted with white, transversely lined with

orange-brown ; tentacles short, translucent white, base of

tentacles pale brown. Eyes black, ringed with white.

Type locality: None.
Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Uncommon in North Viti Levu, moderately common in

the South.

Distribution: Throughout the Fiji Islands. - From East
Africa through the tropical Indo-Pacific to Polynesia.
Discussion: Juvenile specimens are rather broad (W: 42
to 47% of L), with an acuminate spire and 3| nuclear
whorls; they are white in colour and ornamented with
purplish-grey axial streaks and two mauve transverse
bands on the body whorl; the transverse and axial ridges
are more prominent than in adult specimens.
The species occurs in widely separated colonies in Fiji.

Mitra scabriuscula Lamarck, 1811 (1798, pl. 371, figs.

5 a, 5 b) is undoubtedly this species, not M. scabricula
(Linnaeus) .

23. Mitra peculiaris Reeve, 1845

(Plate 14; Figure 21)

1845. Mitra peculiaris Reeve, Conch. Icon., pl. 36, sp. 305 (in
errore sp. 273 in text)

1882. Mitra typha Tryon (monst.), Man. Conch 4: 128-
pl. 37, fig. 116

1923. Mitra typha monstr. peculiaris Dautzenberg & Bouge,

Journ. Conchyl., 67(2) : 96

Shell: Shell small, slender and elongate, fragile and light

in weight; white in colour, ornamented with a broad

orange transverse band anteriorly to the suture on the

body whorl, and a single band of the same colour adjoining

sutures on earlier whorls. Sutures moderately impressed,

whorls concave, numbering from 7-8 apart from proto-

conch which was eroded in the specimens examined; the

last three whorls bear a prominent white keel-like carina

at the sutures. Fine and shallow spiral striae encircle the

shell, striae close-set but becoming wide-spaced basally,

numbering from 21-27 on the body whorl and from 9

to 13 on the penultimate whorl. Aperture only slightly

shorter than the spire, narrow and straight, angulate at

point of commencement, outer lip moderately thin and

smooth; interior of aperture white. Columella calloused

basally, white in colour, with 5 prominent oblique folds;

anterior canal straight or slightly curved.

L: 12 to 15mm W: 28 to 30% A: 46 to 48%
Type locality: Puerto Galero, Island of Mindoro, Philip-

pine Islands.

Habitat: Dredged on sand and coral-rubble bottom sub-

strate, from 5 to 7 fathoms.

Rare.

Distribution: South Viti Levu. - From the Philippine

Islands to Fiji.

Discussion: Tryon (1882) and Dautzenberg & Bouge
(1923) considered the species to be a monstrosity of Mitra
typha Reeve, 1845; the latter authors recorded the mon-
strosity from Cebu Island (Sowerby & Fulton) and
Lifou (Goubin). Monstrosities of molluscan species are

by no means frequent, and are generally caused by para-
sitic disease, influence of environment or injury to animal
or shell of "typical" species. In view of the wide distribu-

tion of M. peculiaris, and the absence of specimens of M

.

typha in Fiji, the interpretation of M. peculiaris as a

monstrosity of M. typha is not acceptable.

The specimen of Mitra typha reported by Tryon (/. c.)

from Fiji may possibly represent M. peculiaris Reeve.

24. Mitra pediculus Lamarck, 1811

(Plate 16; Figure 49)

1811. Mitra pediculus Lamarck, Ann. Mus. Hist. Nat. 17: 222

Shell: Shell very small, roundly ovate, spire and base
acuminate; dark reddish-brown to purplish-brown in

colour, ornamented with white spiral ridges. Sutures
weakly impressed, whorls flattened, slightly subangulate
at sutures, numbering from 6 - 8 apart from protoconch
of 2 white nuclear whorls; elevated, rounded white spiral

ridges encircle the shell, numbering 9-11 on the body
whorl and from 2 - 3 on the penultimate whorl. Interstices
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of spiral ridges "V"-shaped and cancellate with numerous

very fine axial striae; apex of spire whitish. Aperture

longer than the spire, convexly rounded, outer lip moder-

ately thickened and crenulate in a crimped manner;

interior of aperture greyish-brown. Columella brownish,

with 3 - 4 oblique folds, first of which is very prominent;

anterior canal produced and pointed, spirally corded and

straight.

L: 9 to 15mm W: 50 to 57% A: 56 to 61%
Type locality: Ocean des grandes Indes

.

Habitat: On broken coral substrate, from 7 - 10 fathoms.

Rare.

Distribution: South and West Viti Levu. - From the

Philippine Islands through the tropical Pacific to Polynesia.

Discussion: Lamarck's original description is not accom-

panied by a citation of an illustration; his detailed

diagnosis, however, allows an unequivocal identification

of the species. Lamarck listed a size of 9 to 1 1 mm and

this appears to be the average size for the species.

The pure white spiral ridges on a purplish-brown

background are rather striking and allow an easy identifi-

cation of the species.

25. Mitra cf. Mitra porcata Reeve, 1844

(Plate 16; Figure 45)

1844. Mitra porcata Reeve, Conch. Icon., pi. 24, sp. 187

Shell: Shell very small, elongate ovate, spire and base

pointed
;
rusty-brown in colour, ornamented with irregular

small white spots and a narrow flesh-coloured transverse

band just anteriorly to the sutures on the body whorl and

penultimate whorl. Sutures moderately impressed, whorls

slightly concave, numbering 5 apart from protoconch

which is eroded; close-set and flat spiral ridges encircle

the shell, ridges slightly rounded near the base, numbering

15 on the body whorl and 5 on the penultimate whorl.

Interstices of spiral ridges appear only as very narrow

spiral grooves; shell is obsoletely axially striate, and the

body whorl has 3 deeper axial grooves extending from

suture to base. Aperture longer than the spire, outer lip

moderately thickened, constricted basally, interior of aper-

ture rusty-brown ; columella same colour as aperture, with

4 oblique folds. Anterior canal spirally corded, straight

and pointed.

L: 9mm W: 48% A: 62%
Type locality: None.
Habitat: Unknown.
Distribution: North Viti Levu. - ?

Discussion: Only one dead-collected specimen is known
from Fiji collections, and this bears a strong resemblance

to Mitra porcata Reeve. Further specimens are needed
before it can be assigned to this species with certainty

and established as a definite Fiji record.

26. Mitra puncticulata Lamarck, 1811

(Plate 13; Figure 5)

1791. Voluta papalis var. y Gmelin, Syst. Nat., cd. 13, p. 3459

(non Linnaeus, 1758)

1811. Mitra puncticulata Lamarck, Ann. Mus. Hist. Nat.,

17: 198 (non Souverbie, 1876)

1817. Voluta digitalis var. puncticulata Dillwyn, Desc. Cat.

rec. shells, 1: 559

1828. Voluta serpentina Wood, Ind. Test., pi. 21, fig. 138 fnon

Mitra serpentina Lamarck, 1811)

1841. Mitra (Thiarella) diadema Swainson, in Hanley,

Exot. Conch., App., p. 36

Shell: Shell moderate in size, elongate-ovate, fairly solid

;

generally yellowish or light orange in colour, ornamented

with a broad but indistinct central white transverse band

on the body whorl and brown axial streaks and isolated

white spots and patches; some specimens are dark brown

in the spiral grooves. Sutures weakly to moderately im-

pressed, whorls flattened and angulate at sutures, number-

ing from 8 - 9 on the body whorl apart from protoconch

which is generally worn away; spiral grooves encircle

the shell; grooves moderately shallow, cancellate with

elevated small axial riblets, numbering from 10-14 on

the body whorl and from 3 - 5 on the penultimate whorl.

Sutures ornamented with nodulose white coronations

which are generally short and pointing slightly outward.

Aperture slightly longer than the spire, moderately broad

and convexly elongate, outer lip thickened and undulate;

interior of aperture creamy-white or light yellow. Colum-
ella calloused, white in colour, with 4-5 prominent oblique

folds, which are often lined with yellow; anterior canal

spirally corded and straight.

L: 28 to 42mm W: 41 to 43% A: 56 to 58%
Type locality: Ocean indien.

Habitat: In coarse sand substrate, in shallow water.

Rare.

Distribution: North Viti Levu. - From East Africa

through the tropical Indo-Pacific to Fiji.

Discussion: Sowerby (1874, p. 2) suggested that a shell

from the Cuming collection labelled Mitra nympha
Reeve, 1845, is only a worn M. puncticulata Lamarck.
Reeve's figure of M. nympha (1845, pi. 31, sp. 249) does

not appear to be conspecific with M. puncticulata

Lamarck.

27. Mitra rotundilirata Reeve, 1844

(Plate 16; Figure 47)

1844. Mitra rotundilirata Reeve, Conch. Icon., pi. 23, sp. 178
1877. Mitra rotundilirata, Lienard, Cat. Mai. Mauritius, p. 21

1882. Mitra (Chrysamc) tabanula Tryon (pars), Man.
Conch., 4: 146; pi. 42, fig. 246

Shell: Shell small, ovate, fairly solid, pointed at apex
and base; orange-brown to reddish-brown in colour
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throughout, spiral grooves coloured dark brown. Sutures

weakly impressed, whorls convex, slightly angulate at

sutures, numbering from 7-9 apart from protoconch of

2 glassy white nuclear whorls; elevated and close-set spiral

ridges encircle the shell, ridges broad and rounded, num-

bering from 10 - 14 on the body whorl and from 3 - 4 on the

penultimate whorl. Interstices of spiral ridges concave

and narrow, stained dark brown and cancellate with nu-

merous fine slightly elevated axial riblets. Aperture equal

in height or longer than the spire, moderately broad,

outer lip thickened and crimped, convexly rounded; inte-

rior of aperture cream or pale orange-brown. Columella

orange-brown with 4-5 whitish oblique folds ; base of

shell calloused, straight or slightly recurved.

L: 15 to 31mm W: 41 to 50% A: 54 to 58%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: South and South-west Viti Levu. - From

the Red Sea through the tropical Indo-Pacific to Fiji.

Discussion: The broad rope-like spiral ridges and darker

interstices distinguish the shell from any other allied

species.

28. Mitra rubiginea A. Adams, 1854

(Plate 16; Figure 41)

1854. Mitra rubiginea A. Adams, Proc. Zool. Soc. London, for

1854: 134

1871. Mitra carinilirata Souverbie, Joum. Conchyl., 19: 335

(not figured)

1872. Mitra carinilirata Souverbie, Journ. Conchyl., 20: 49-50,

pi. 1, fig. 1

Shell: Shell moderately large, elongate-ovate, heavy and

solid ; dark red in colour throughout, rarely reddish-brown.

Sutures moderately impressed, whorls slightly convex,

angulate at sutures, numbering from 9-10 apart from

protoconch which is usually eroded. Elevated, angulate

and wide-spaced spiral ridges encircle the shell, ridges

sharp and slightly rounded on the summits, numbering
from 12-15 on the body whorl and from 4-5 on the

penultimate whorl; some spiral ridges, but not all, have

less elevated satellite spiral ridges on either side. The pen-

ultimate and body whorl have obsolete broad rounded

axial mounds, which when viewed from the spire position

make the whorls appear undulate. Interstices of spiral

ridges are concave, and cancellate by prominent axial

ridges which bisect spiral ridges which appear nodulose.

Aperture equal in height or slightly longer than the spire,

moderately broad, outer lip thickened and crimped, con-

vexly elongate; interior of aperture brownish. Columella

light reddish-brown, calloused, slightly convex basally,

with 4-5 oblique folds ; base of shell contracted, anterior

canal calloused and slightly recurved.

L: 36 to 51 mm W: 39 to 43% A: 48 to 55%
Type locality: Australia

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: North Viti Levu. - From Australia through

the tropical Pacific to Hawaii.

Discussion: Mitra tornata Reeve, 1845 is somewhat
similar, but it is smaller in size, not exceeding 25 mm in

length; the spiral striae are more elevated, flat on the

summits, lacking the filiform central carina of the spiral

ridges in M. rubiginea; the interstitial axial striae are

confined to the interstices in M. tornata, and do not

bisect the spiral ridges as in M. rubiginea.

29. Mitra rubritincta Reeve, 1844

(Plate 16; Figure 44)

1844. Mitra rubritincta Reeve, Conch. Icon., pi. 19, sp. 147

Shell: Shell elongate-ovate to ovate, fairly broad and

solid, spire acuminate; white in colour, ornamented with

two rows of bright red longitudinal blotches on the body

whorl, and irregular axial streaks on earlier whorls.

Whorls flattened, slightly angulate at sutures, numbering

from 7-8 apart from protoconch which is generally

eroded; elevated angulate spiral ridges encircle the shell,

numbering from 15 - 20 on the body whorl and from 3-4
on the penultimate whorl. Interstices of spiral ridges "V"-

shaped, cancellate with elevated axial striae; longitudinal

striae cross whorls, sutures very weakly impressed, apex

whitish. Aperture equal in height or slightly longer than

the spire, fairly wide and convexly rounded, outer lip

Explanation of Plate 15

Fimire27: Mitra boissaci Montrouzier. Fiji (x 2.5) Figure 28: Mitra antoniae H. Adams. Fiji (x 3.3) Figure 29: Mitra flammea

Ouoy s. Gaimard. Fiji (x 2.1) Figure 30: Mitra flammigcra Reeve. Fiji (x 2.35) Figure 31: Mitra strigillata Sowerby. Fiji (x 3.0)

Figure 32: Mitra philippinarum A. Adams. Fiji (x 1.7) Figure 33: Mitra filaris (Linnaeus) . Fiji (x 1.7) Figure 33a: Mitra filaris

(Linnaeus J. showing detail of sculpture between spiral ridges, (approx. x 5.0) Figure 34: Mitra pracstantissima Roding. Fiji (x 1.5)

Figure 34a: Mitra praestantissima Roding, showing detail of sculpture between spiral ridges, (approx. x 5.0) Figure 35: Mitra peasci

Dohrn. Fiji (x 1.85) Figure 35a: Mitra peasei Dohrn, showing detail of sculpture between spiral ridges, (approx. x 5.0)
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moderately thickened and crimped; interior of aperture

whitish. Columella calloused, cream in colour, with 5

oblique folds ; anterior canal slightly produced and straight,

body whorl basally constricted.

L: 23 to 35mm VV: 46 to 51% A: 54 to 60%
Type locality: Island of Ticao, Philippines.

Habitat: Under coral rocks, on reef and sand substrate,

in shallow water.

Rare.

Distribution: South and West Viti Levu. - From the

Philippine Islands to Fiji.

Discussion: The fairly large red blotches on the body

whorl are generally interrupted by a broad white trans-

verse zone.

30. Mitra scabricula (Linnaeus, 1758)

(Plate 13; Figure 6)

1758. Buccinum scabriculum Linnaeus, Syst. Nat., ed. 10, p.

740, no. 412

1791. Voluta dactylus var. /? Gmelin, Syst. Nat., ed. 13, p.

3443 (non Linnaeus, 1767)

1811. Mitra texturata Lamarck, Ann. Mus. Hist. Nat., 17: 213

1828. Buccinum radiatum Wood, Index Testae, pi. 24, fig. 153

(non Gmelin, 1791)

Shell: Shell moderate in size, ovate and broad, ventricose

and heavy; whitish in colour, ornamented with irregular

dark orange-brown transverse bands at the suture and
base on the body whorl, or occasionally with axial streaks

and blotches. Sutures moderately impressed, whorls

rounded, numbering from 5-6 apart from protoconch

of 2 nuclear whorls; elevated and rounded spiral cords

encircle the shell, cords stained with pale orange-brown
and white, numbering from 10 - 15 on the body whorl and
from 3 - 4 on the penultimate whorl. Close-set longitudinal

grooves bisect transverse ridges, interstices punctate,

becoming canaliculate on earlier whorls. Aperture much
longer than spire, rather broad, outer lip almost straight,

very thick and crenulate; interior of aperture whitish or

light fawn in colour. Columella cream to pale fawn,

calloused, with 4 - 5 oblique folds; anterior canal calloused

and thickened, spirally corded, body whorl ventricose.

L: 30 to 44mm W: 49 to 52% A: 67 to 70%
Type locality: M. Mediterraneo [error] ; in India orientali

(Linnaeus, 1767)

.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: South and West Viti Levu. - From the

Gulf of Oman through the tropical Indo-Pacific to Poly-

nesia.

Discussion: The species is variable in sculpture, particu-

larly in the density of the axial grooves, which number

from 40 - 65 on the body whorl. In some specimens the

axial grooves are very deep and close-set, giving the shell

an overall granulose appearance, while in others the

grooves are almost obsolete.

The great width, long aperture and coarse sculpture

separate this species from Mitra sphaerulata Martyn (
=

M. papilio Link) and M. granatina Lamarck, with

which it has been so often confused in literature. The

species has been assigned to the genus Buccinum by Lin-

naeus in his tenth edition of the "Systema Naturae"

(1758), mainly because of a superficial similarity in form

and sculpture with other members of that genus; it was

removed from Buccinum in the twelfth edition of the

"Systema Naturae," and placed under Voluta with all

other Linnaean Mitra species.

The figures cited by Lamarck for his Mitra texturata

(1798; pi. 372, figs. 2 a, 2 b), are conspecific with M.
scabricula (Linnaeus). It has been illustrated under this

specific name in most monographs on Mitra, e.g. Reeve

(1844; pi. 20, fig. 155), Sowerby (1874; pi. 7, fig. 84)

and Dautzenberg (1935; pi. 3, fig. 5).

Cotton (1957) assigned Mitra scabricula to the genus

Imbricaria, which comprises a group of species dissimilar

in generic characters to the species under discussion.

31. Mitra solanderi Reeve, 1844 (emendment)

(Plate 16; Figure 46)

1844. Mitra solandri Reeve, Conch. Icon., pi. 22. sp. 172

Shell: Shell small, elongate-ovate, fairly solid; cream to

light fawn in colour, ornamented with two moderately

broad brown transverse bands on the body whorl, and a

single band on earlier whorls; in some individuals the

brown transverse zones are so broad that the shell would

be better described as brown in colour, banded with cream

or light fawn. Sutures moderately impressed, whorls

slightly convex, angulate at sutures, numbering from 7 - 8

apart from protoconch of 3 glassy-fawn nuclear whorls;

elevated, keel-like spiral ridges encircle the shell, ridges

either close-set or wide-spaced, generally flat on the sum-

mits, but slightly rounded in some specimens and num-
bering from 10 - 14 on the body whorl and from 3 - 5 on

the penultimate whorl. Interstices of spiral ridges shallow

and concave, or deeply "V"-shaped, cancellate with nu-

merous fine elevated axial striae; in some specimens the

interstices are stained with dark brown. Aperture equal

in height or slightly longer than the spire, convexly

elongate and contracted basally, outer lip moderately

thickened and crimped; interior of aperture brown or

fawn. Columella brownish in colour, with 3-4 prominent

cream-coloured oblique folds; anterior canal straight or

slightly recurved.
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L: 11 to 22mm W: 37 to 40% A: 47 to 56%
Type locality: None.

Habitat: In sand substrate, from 10-15 fathoms.

Rare.

Distribution: South and West Viti Levu. - ?

Discussion: The specific name solandri is here emended to

solanderi, in keeping with article 31 of the Code of the

I. C.Z.N. (1961), as the species was named for Daniel

Solander.

32. Mitra sophiae Crosse, 1862

(Plate 14; Figure 13)

1862. Mitra sophiae Crosse, Journ. Conchyl., 10: 253; pi. 10,

fig. 6

Shell: Shell small, elongate-ovate, solid and heavy; whitish

to cream in colour, ornamented with two broad brown

transverse bands on the body whorl, and a narrow band

adjoining sutures on earlier whorls. Sutures moderately

impressed, whorls flattened, angulate at sutures, numbering

from 7-8 including the protoconch ; rounded spiral cords

encircle the shell, cords prominent and elevated, num-

bering from 10 - 14 on the body whorl and from 1 - 2 on

the penultimate whorl. Spiral cords are bisected by close-

set axial ridges which tend to become somewhat nodulose

on the summits of the spiral cords, but become obsolete

on earlier whorls ; interstices of spiral ridges are cancellate

with elevated axial riblets. Sutures ornamented with sharp

coronations which are oriented at a 45° angle from the

body whorl; a second row of blunt, stunted coronations

is generally situated immediately behind the first row.

Aperture longer than the spire, narrow, outer lip elongate

and only slightly convex, thickened and crimped; interior

of aperture porcelain-white. Columella white, calloused,

with 5 prominent oblique folds: anterior canal whitish,

prominently calloused, slightly recurved and longer than

outer lip.

L: 21 to 30mm W: 43 to 46% A: 60 to 64%
Type locality: New Caledonia.

Habitat: Under coral rocks, in sand pools, in shallow

water.

Rare.

Distribution: West Viti Levu. - New Caledonia.

33. Mitra stictica (Link, 1807)

(Plate 14; Figure 15)

1791. Voluta papalis var. /? Gmelin, Syst. Nat., ed. 13, p. 3459
(non Linnaeus, 1758)

1798. Mitra cardinalis Rodinc, Mus. Bolten., p. 135 (non
Voluta cardinalis Gmelin, 1791)

1807. Voluta stictica Link, Beschr. Nat.-Samml. Univ. Ros-

tock, p. 127

1811. Mitra abbatis Perry, Conchology, pi. 39, figs. 2, 3 (non

Dillwyn, 1817)

1811. Mitra pontificalis Lamarck, Ann. Mus. Hist. Nat., 17:

198

1817. Voluta thiara Dillwyn, Desc. Cat. rec. shells, 1: 561

(non Helblinc, 1779, non Mitra coronata Lamarck,

1811)

1817. Voluta coronata Schumacher, Ess. Nouv. Syst., p. 239

Moll., 1: 169

1853. Mitra cincla "Meuschen," H. & A. Adams, Gen. rec.

1934. Mitra strictica Hirase, Coll. of Japan, p. 70; pi. 100,

fig. 12

1935. Mitra pontificalis var. conflucns Dautzenberg, Mem.
Mus. Roy. Hist. Nat., 2(17) : 55; pi. 2, fig. 9

1962. Mitra stricta Kira, Shells West. Pacific, p. 99; pi. 35,

fig. 14

Shell: Shell moderately large, elongate, fairly solid ; white

in colour, ornamented with 4-7 rows of close-set irregular

but often rhomboidal bright orange or vermillion blotches

on the body whorl; the blotches next to the sutures are

usually the largest, and the earlier whorls are ornamented

with only 2-3 rows of blotches which are often coalescing.

Sutures moderately impressed, whorls flattened to slightly

convex, angulate at sutures, numbering from 8-10 in-

cluding the protoconch which is not discernible in fully

adult shells. Spiral rows of small deep punctures encircle

the shell, numbering from 2 - 3 on the penultimate whorl,

but often obsolete on the body whorl; the sutures bear

distinct and fairly large coronations. Aperture about

equal in height to the spire, moderately broad and elon-

gate, outer lip moderately thin and dentate anteriorly;

interior of aperture whitish, cream or light orange.

Columella whitish or cream, with 4-5 prominent oblique

folds; anterior canal heavily calloused, spirally corded and
straight.

L: 28 to 65mm W: 35 to 42% A: 46 to 55%
Type locality: Batavia.

Habitat: Under coral rocks on sand and reef substrate,

from to 2 fathoms.

Moderately uncommon.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia and
Hawaii.

34. Mitra strigillata Sowerby, 1874

(Plate 15; Figure 31)

1874. Mitra strigillata Sowerby, Thes. Conch., 4: 14; pi. 14,

figs. 248. 249

Shell: Shell small, elongate and fusiform, light in weight;
olive-green in colour, ornamented with irregular white
sometimes wavy axial streaks and spots, and occasionally

a few light green spots. Sutures moderately impressed,
whorls convex, rounded at sutures, numbering from 8 - 9
apart from protoconch of 2 glassy-fawn nuclear whorls.
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Very fine and narrow spiral grooves encircle the shell,

grooves deep, obsoletely or distinctly punctate, numbering

from 14-18 on the body whorl and from 3 - 4 on the

penultimate whorl; the first two spiral ridges anteriorly

to the suture on the body whorl are generally slightly

angulatc, but the remainder of the ridges are broad and

flat, or very slightly rounded. The spiral ridges on the

penultimate and earlier whorls are rounded, and the inter-

stitial punctures extend sometimes onto the walls of the

spiral ridges; the body whorl is obsoletely finely axially

striate. Aperture longer than the spire, narrow and con-

vexly elongate, outer lip thickened and crenulate ; interior

of aperture olive-brown, inner edge of outer lip white.

Columella olive-green posteriorly, but white anteriorly,

calloused basally, with 5-6 prominent white oblique folds;

anterior canal slightly calloused, spirally corded and

straight.

L: 14 to 18mm W: 33 to 39% A: 55 to 63%
Type locality: None.

Habitat: In clean and slightly muddy sand, in sand patches

and sand pockets of coral reefs, in shallow water.

Moderately rare.

Distribution: Throughout the Fiji Islands. - From the

Philippine Islands to Fiji.

Discussion: Mitra julgetrum Reeve, 1844 is somewhat

similar in appearance and was described by Reeve as

being reddish-brown in colour with only 4 columellar folds.

Fiji specimens of M. strigillata are consistently olive-green

in colour, rarely light or dark green, with 5-6 columellar

folds. Reeve's type figure of M. julgetrum (1844; pi. 16,

sp. 115) depicts a shell with shallow wide-spaced grooves,

lacking the two angulate spiral ridges anteriorly to the

suture of the body whorl.

The species appears as Mitra strigillata in the text of

Sowerby's monograph ( 1874) , and as M. strigilata in the

Index and plate explanations.

35. Mitra tabanula Lamarck, 1811

(Plate 16; Figure 48; Text figures 6, 6a)

181 1. Mitra tabanula Lamarck, Ann. Mus. Hist. Nat., 17: 222

Shell: Shell very small, ovate, acuminate at spire and
base; uniformly dark blood-red in colour throughout.

Sutures weakly impressed, whorls slightly convex, suban-

gulate at sutures, numbering from 5 - 6 apart from proto-

conch of 2 glassy, light brown nuclear whorls; elevated

and angulatc spiral ridges encircle the shell, ridges slightly

rounded on the summits in some individuals, numbering
from 10-13 on the body whorl and from 3 - 4 on the

penultimate whorl. Interstices of spiral ridges broad and
"V"-shapcd, cancellate with numerous, close-set and very

fine axial striae. Aperture narrow, convexly rounded,

outer lip thickened and crenulate; deep interior of aper-

ture brownish-grey, edge of outer lip reddish-brown.

Columella reddish-brown, calloused, with 3 - 4 prominent

oblique folds; anterior canal slightly calloused, stained

dark brown in adult specimens.

L: 9 to 12 W: 48 to 52% A: 56 to 61%
Type locality: Ocean des grandes Indes

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: North Viti Levu. - From East Africa

through the tropical Indo-Pacific to Fiji.

Discussion: The species is similar in form and sculpture to

Mitra cucumerina Lamarck, but it is much smaller in size,

dark reddish-brown, without the white transverse band of

M. cucumerina. The radula pattern confirms the place-

6

Figure 6 and 6a

Row of Radular Teeth of Two Philippine Specimens of

Mitra tabanula Lamarck, 1811. x 175

(after Peile, 1937; p. 183, figs. 13, 14)

ment of the species in the genus Mitra; the median has 6

to 8 main cusps and there are 13-16 cusps present on the

laterals (Peile, 1937).

Lamarck did not cite any references to figures for his

species; however, his description is sufficiently graphic to

allow a positive identification of Mitra tabanula; the

length quoted by Lamarck for this species was 13 mm.

36. Mitra ticaonica Reeve, 1844

(Plate 14; Figure 14)

1844. Mitra ticaonica Reeve, Conch. Icon., pi. 23, sp. 181

1882. Mitra crassa Tryon (pars), Man. Conch., 4: 147: pi.

43, fig. 263 (non Swainson, 1822)

1921. Mitra ticaonica pagans Pilsbry, Proc. Acad. Nat. Sci.

Phila, 72: 314; pi. 12, figs. 14, 15

Shell: Shell moderately small, elongate-ovate to broadly

ovate, heavy and solid
;
light brown to dark tan in colour,

ornamented with dark brown axial streaks and occasion-
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ally a few small whitish spots; the anterior canal is usually

purplish-brown. Sutures deeply impressed, whorls convex,

rounded at sutures, numbering from 6-7 apart from pro-

toconch of l£-2 white nuclear whorls; moderately deep

spiral grooves encircle the shell, grooves at times obsolete

in centre of body whorl, numbering from 14-21 on the

body whorl and from 1 - 6 on the penultimate whorl;

grooves with fine, short and close-set axial striae. Aperture

longer than the spire, narrowing towards the base, outer

lip thickened and crenulate, generally calloused at point

of commencement ; interior of aperture dark brown. Col-

umella dark brown to purplish-brown, calloused, with 3

to 5 white oblique folds; base of shell spirally corded and

truncated, anterior canal calloused and straight.

L: 21 to 34mm W: 43 to 50% A: 56 to 64%
Animal: Sole of foot white, dorsum of foot chestnut

brown. Other details not observed.

Type locality: Island of Ticao, Philippines.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Polynesia

and Hawaii.

37. Mitra tornata Reeve, 1845

(Plate 16; Figure 38)

1845. Mitra tornata Reeve, Conch. Icon., pi. 33, sp. 269

Shell: Shell small, elongate-ovate, solid, spire pointed;

yellowish-brown to orange-brown in colour throughout.

Whorls slightly convex and subangulate at sutures, num-

bering from 7-8 apart from protoconch which is usually

eroded ; elevated spiral ridges encircle the shell, ridges flat

on the summits, numbering from 10-13 on the body

whorl and from 3 - 4 on the penultimate whorl. Interstices

of spiral ridges "V"-shaped or roundly concave, cancellate

with numerous fine elevated axial riblets. Aperture equal

in height or slightly longer than the spire, narrow,

convexly elongate and contracted at the base, outer lip

moderately thickened and crimped; interior of aperture

uniformly pale brown or fawn. Columella brownish, cal-

loused, with 4 prominent oblique folds; body whorl con-

cave basally, anterior canal slightly produced, straight or

slightly recurved.

L: 15 to 26mm W: 35 to 40% A: 52 to 56%
Type locality: Island of Guimaras, Philippines.

Habitat: Dredged from 10-15 fathoms, on coral fragment

substrate.

Rare.

Distribution: South and West Viti Levu. - From the

Philippine Islands to Fiji.

Discussion: Numerous specific names have been assigned

to the species which closely resemble Mitra tornata, and

many of these display negligible morphological differences.

This particular group of species needs to be thoroughly

revised before a reliable synonymy can be compiled.

38. Mitra variabilis Reeve, 1844

(Plate 14; Figure 16)

1844. Mitra variabilis Reeve, Conch. Icon., pi. 13, sp. 95

1844. Mitra cylmdracea Reeve, Conch. Icon., pi. 13, sp. 97

Shell: Shell moderate in size, elongate ovate, fairly solid,

spire pointed; brown to tan in colour, ornamented with

a moderately broad, white central transverse band on

the body whorl, and irregular white axial streaks and

spots on all whorls. Sutures moderately impressed, whorls

flattened or slightly convex, numbering 9 apart from pro-

toconch of 2 - 3 glassy-white nuclear whorls
;
deep or

shallow spiral grooves encircle the shell, grooves axially

ridged, numbering from 23-31 on the body whorl and

from 3 - 14 on the penultimate whorl. The periostracum

is often imbedded in the spiral grooves, and thus the

shell appears to be lined with brown. Resulting spiral

ridges are either close-set, round and elevated, or broad

and rather flat. Aperture equal in height or slightly longer

than the spire, moderately broad, outer lip convexly

elongate and slightly contracted basally, thickened and

finely crenulate; interior of aperture brownish or dark

fawn. Columella whitish or light brown, calloused, with

4-5 whitish prominent oblique folds ; anterior canal

slightly produced, calloused, spirally corded, straight and

slightly recurved.

L: 29 to 38 mm W: 32 to 37% A: 49 to 55%
Type locality: Torres Strait.

Habitat: In clean sand, in sand-patches and sand-pockets

of coral reefs, in shallow water.

Moderately rare.

Distribution: Southwest Viti Levu. - Australia.

39. Mitra variegata (Gmelin, 1791)

(Plate 14; Figures 24, 24a)

1791. Voluta variegata Gmelin, Syst. Nat., ed. 13, p. 3457

1798. Vexillum rufum Roding, Mus. Bolten., p. 139

1811. Mitra serpentina Lamarck, Ann. Mus. Hist. Nat., 17: 204

1844. [?J Mitra caerulea Reeve, Conch. Icon., pi. 15, sp. 113

Shell: Shell moderately small, elongate-ovate, fairly solid;

whitish or pale grey in colour, faintly tinged with blue in

some specimens, irregularly ornamented with olive-green
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or brown blotches, usually arranged in two transverse

zones on the body whorl; earlier whorls with one trans-

verse row of spots adjoining sutures. Maculations on the

body whorl either in the form of longitudinal short bars,

transverse dashes, triangular blotches or continuous white

zones. Sutures impressed, whorls convex, rounded at su-

tures, numbering from 5 - 7 apart from protoconch of 3

glassy-white or cream nuclear whorls; first two nuclear

whorls smooth, third whorl spirally striate. Fine, moder-

ately deep spiral grooves encircle the body whorl, grooves

minutely punctate or axially striate, numbering from 13

to 20 on the body whorl; the penultimate and earlier

whorls are spirally ridged, ridges angulate, numbering

4 - 6 on the penultimate whorl. The body whorl is sculp-

tured with 3 - 4 elevated and angulate spiral ridges

anteriorly to the suture, and remainder of ridges become

broad and flat towards the base ; the summits of the spiral

ridges often spotted and lined with either orange, dark

brown or white. The body whorl is minutely axially striate,

striae almost obsolete on body whorl, but appearing as

deep axial grooves on earlier whorls, which appear gran-

ulose. Aperture longer than the spire, convexly elongate,

pointedly rounded basally, outer lip moderately thickened

and crenulate; interior of aperture bluish-white to steel

grey, often stained with brown. Columella brownish,

calloused, with 5-6 white and prominent oblique folds

;

anterior canal calloused, spirally corded, and with shallow

depressions towards the basal end.

L: 19 to 34 mm W: 39 to 49% A: 58 to 66%
Type locality: None.

Habitat: In clean sand substrate, in sandy lagoons and on

sand-banks, in shallow and deeper water.

Moderately rare.

Distribution: North and South Viti Levu. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: The species is extremely variable in colour and

sculpture. Immature specimens have generally more prom-

inent spiral ridges on the body whorl, which in adult

specimeas are close-set and flat. Specimens of Mitra vari-

egata from Mauritius are predominantly light fawn in

colour and occasional shells lack any further ornamenta-

tion on the body whorl; in all other respects they compare

with specimens from other regions.

Dautzenberg & Bouge (1923) acknowledged the iden-

tity of Voluta variegata Gmeun, 1791 and Mitra serpen-

tina Lamarck, 1811, but substituted Mitra suffecta

Dautzenberg & Bouge, 1923 for M. variegata Reeve.
They believed Reeve's species to be different from
Gmelin's since Reeve's M. variegata lacks the axial striae

or pittings in the interstices of the axial ribs. Although in

some individuals the axial striae may become obsolete

on the body whorl, they are always distinct on the earlier

whorls, and Reeve's omission of this particular feature

from his description is rather surprising.

Roding (1798) listed varieties a to f of Mitra variegata

from Bolten's collection.

(Cancilla Swainson, 1840)

Type species by monotypy Tiara sulcata Swainson, 1832

= Mitra (Cancilla) sulcata (Swainson, 1832).

1840. Concilia Swainson, Treat. Malac, 127: 320; fig. 84 b

Characteristics: Shell slender, fusiform, light in weight,

spire pointed. Sutures plain, whorls sculptured with ele-

vated spiral ridges, aperture narrow and often fusiform,

interior of aperture smooth, outer lip moderately thin and

crimped, columella obliquely plicate, anterior canal nar-

row and produced. Shell covered with a thin epidermis.

Discussion: Tiara Swainson, 1831 is not a homonym of

Thiara Roding, 1798, a generic name applied by Roding

for species of the genus Helix Linnaeus.

40. Mitra (Cancilla) amoena A. Adams, 1853

(Plate 14; Figures 26, 26 a)

1853. Mitra amoena A. Adams, Proc. Zool. Soc. London, pt.

19: 137

1874. Mitra amaena Sowerby, Thes. Conch., 4: 10; pi. 14.

fig. 244

Shell: Shell moderately small, fusiformly-elongate and

slender, spire pointed; white in colour, rarely greyish

white, ornamented with orange-brown, small quadrate

spots upon the summits of the spiral ridges; occasional

specimens have faint and irregular rose-coloured axial

streaks or blotches on the body whorl. Sutures moderately

deep, whorls convex, rounded or very slightly angulate

at sutures, numbering from 6-8 apart from protoconch of

3-4 glassy, dark rose coloured nuclear whorls ; the first

2-3 postnuclear whorls are similarly coloured. Moderately

elevated spiral ridges encircle the shell, ridges angulate,

rounded or flat on the summits, numbering from 12-17
on the body whorl and from 4 - 6 on the penultimate

whorl. Interstices of spiral ridges either narrow and plain,

or broader and sculptured with a fine intermediate spiral

ridge, and 1-3 small transverse fillets; faint or prominent

axial grooves bisect spiral ridges and interstices, numbering
from 27 -65 on the body whorl and from 20-41 on the pen-

ultimate whorl; the interstices between these axial grooves

arc occasionally very finely axially striate. Aperture equal

in height or shorter than the spire, narrow and convexly

elongate, or moderately straight and widening slightly

anteriorly; outer lip moderately thin and crimped, interior
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of aperture porcelain-white and often with a rosy tint.

Columella white or rose-violet, with 4-6 prominent ob-

lique folds; anterior canal calloused and fairly straight.

L: 15 to 25mm W: 30 to 35% A: 40 to 47%
Animal: Sole and dorsum of foot translucent cream,

spotted with small white dots. Siphon snow-white, ten-

tacles translucent cream, base white; eyes black.

Type locality: Red Sea.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, from to 2 fathoms.

Moderately rare.

Distribution: Throughout the Fiji Islands. - From the

Red Sea through the tropical Indo-Pacific to Fiji.

Discussion: The small reddish-brown spots upon the spiral

ridges are fairly regularly spaced, and assist in an easy

identification of the species. A comparison of specimens

from Mauritius (leg. E. Couacaud) and the Philippine

Islands (leg. E Clover) showed that the species is fairly

constant in most characters throughout its range. Shells

from Mauritius were generally less fusiform, and exceeded
the maximum width index recorded for Fiji specimens

(38% of length); the aperture was also slightly longer

(50% of length).

41. Mitra (Cancilla) antoniae H. Adams, 1870

(Plate 15; Figure 28)

1870. Mitra (Cancilla) antoniae H. Adams, Proc. Zool. Soc.

London, p. 788, pi. 48, fig. 1

1874. Mitra antonii Sowerby, Thes. Conch., 4: 8, pi. 14, fig.

245 (non Kuster, 1841; non Dohrn, 1860)
1882. Mitra (Scabricola) crenifera Tryon (pars), Man.

Conch., 4: 135; pi. 39, fig. 165 (non Lamarck, 1811)
1896. Mitra (Cancilla) carnicolor Melvill & Standen, Shells

Lifu, p. 405 (non Reeve, 1844)

Shell: Shell small, fusiformly elongate ovate, light in
weight; white in colour, ornamented with one to two faint
pinkish transverse bands on the body whorl; the spiral
ridges have alternate reddish-brown and white nodules,
the brown nodules being predominant. Sutures moderately
impressed, whorls roundly angulate at sutures, numbering
from 5 - 6 apart from protoconch of \\ - 2 glassy-pink

and bulbous nuclear whorls; elevated, wide-spaced and

nodulose spiral cords encircle the shell, nodules on spiral

ridges reddish-brown and white in colour, ridges number-

ing from 14 - 16 on the body whorl and from 3 - 4 on the

penultimate whorl. Interstices of spiral ridges with fine

axial striae and occasionally with a small intermediate

lirate spiral thread. Aperture longer than the spire,

narrow, outer lip convexly elongate and crimped ; interior

of aperture faint rosy-pink. Columella moderately cal-

loused, whitish in colour, with 5-6 prominent oblique

folds; anterior canal straight.

L: 10 to 13mm W: 36 to 38% A: 58 to 60%
Type locality: Red Sea.

Habitat: Dredged from 10-15 fathoms, on coral fragment

substrate.

Rare.

Distribution: West Viti Levu. - From the Red Sea
through the tropical Indo-Pacific to Fiji.

Discussion: The species superficially resembles Mitra
(Cancilla) granatina Lamarck in form and sculpture, but
differs in being smaller in size, with fewer and shorter

whorls, more wide-spaced, prominent and less numerous
spiral ridges and a narrower more fusiformly-elongate

aperture; the shell has an overall slight pink or rosy
tint and the interior of the aperture is similarly coloured.

42. Mitra (Cancilla) circula Kiener, 1839

(Plate 16; Figures 40, 40 a)

1791. Voluta scabricula Gmelin (pars), Syst. Nat., ed. 13, p.

3450 (non Buccinum scabriculum Linnaeus, 1758)
1839. Mitra circula Kiener, Spec. Gen. Icon. Coq Viv p 21 •

P l. 5, fig. 13

1844. Mitra circulata Reeve, Conch. Icon., pl. 11, sp. 77
1882. Mitra (Cancilla) filaris var. circulata Tryon, Man.

Conch., 4: 138; pl. 40, fig. 176

1957. Tiara cercula Cotton, Malac. Sect. Roy. Soc. South
Austral., 12: 2

Shell: Shell small, fusiform, spire pointed; dirty-white to
light grey in colour, spiral ridges irregularly lined with
orange-brown in some individuals, but absent in others.
Sutures moderately impressed, whorls slightly convex, sub-
angulate at sutures, numbering from 8-9 apart from
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protoconch of 2\ glassy-fawn nuclear whorls; elevated

and angulate spiral ridges encircle the shell, numbering

from 10 - 12 on the body whorl and 3 - 4 on penultimate

whorl. Interstices of spiral ridges cancellated with numer-

ous elevated axial ribs, numbering from 70 - 80 on the

body whorl; some specimens have an additional shallow

Urate intermediate ridge which overrides the axial riblets.

Aperture about equal in height or longer than the spire,

narrow, elongate and pointedly rounded basally; outer lip

moderately thickened and faintly undulate. The interior

edge of the outer lip is porcelain-white, while the deep

interior is stained with coffee-brown; columella whitish,

occasionally stained with brown, folds prominent and

oblique, numbering about 5. Anterior canal staight,

pointed, and generally shorter than the outer lip.

L: 15 to 28mm W: 30 to 34% A: 54 to 62%
Type locality: None.

Habitat: In muddy sand and weedy sand substrate, from

to 17 fathoms.

Uncommon.
Distribution: North and West Viti Levu. - From Mauri-

tius through the tropical Indo-Pacific to Fiji.

Discussion: Kiener (1839) described his new species as

uniformly whitish in colour, slender, elongate, with 8-9

turreted slightly convex whorls which are subangulate at

the sutures, and sculptured with elevated equally spaced

transverse ridges. The interstitial sculpture was described

as consisting of a delicate net-like pattern, and the colum-

ella with 4 folds; the size was given by Kiener as 18

lignes (= 40.5 mm).
Fiji specimens agree fairly well with Kiener's descrip-

tion but do not attain the size quoted by him. Furthermore,

live-collected specimens usually have a broad white zone

at the interior of the outer lip, while the deep interior

is brown.

43. Mitra (Cancilla) clathrus (Gmelin, 1791)

(Plate 14; Figure 25)

1791. Voluta clathrus Gmelin, Syst. Nat., ed. 13, p. 3457

1791. [?] Voluta maculosa Gmelin, Syst. Nat., ed. 13, p. 3453

(non Mitra maculosa Reeve, 1844)

1811. Mitra crenifera Lamarck, Ann. Mus. Hist. Nat., 17: 204

1844. Mitra prctiosa Reeve, Conch. Icon., pi. 16, sp. 116

1921. Mitra emersoni Pilsbry, Proc. Acad. Nat. Sci. Phila.,

72: 316; pi. 12, fig. 19

1959. Mitra (Scabricola) crathrus Kira, Col. Illust. shells Jap.,

1: 88; pi. 34, fig. 6

Shell: Shell moderate in size, fusiformly-clongate
;
very

variable in colour, but generally whitish, creamy-yellow or

light fawn, ornamented with one or two irregular orange,

reddish-brown or dark brown transverse bands on the

body whorl ; in some specimens the bands are continuous,

in others they take the form of coalescing longitudinal

zones. The earlier whorls are ornamented with a trans-

verse row of blotches of the same colour and adjoin the

sutures. Sutures weakly impressed, whorls convex, num-

bering from 6 - 9 apart from protoconch of 2 glassy-white

to pale fawn nuclear whorls; spiral grooves encircle the

shell, numbering from 14 - 27 on the body whorl and 3-11

on the penultimate whorl; spiral grooves are bisected

by longitudinal grooves, which number from 28-61 on

the body whorl and from 20-40 on the penultimate

whorl. The resulting costate spiral ridges are angled

on the body whorl and either close-set with no appreciable

interstices or wide-spaced ; in the latter case the interstitial

sculpture is composed of faintly risen fine spiral fillets,

which number from 1 - 4. Aperture equal in height or

longer than the spire, narrow and elongate, pointed at

the base; outer lip thickened and faintly crenulate. In-

terior of aperture porcelain-white; columella white, with

4-5 prominent oblique folds. Base of aperture longer

than the siphonal canal which is calloused, straight and

slightly recurved.

L: 17 to 41 mm W: 32 to 39% A: 52 to 63%
Animal: The sole and dorsum of the foot are creamy

yellow in colour. Other details not observed.

Type locality: None. ("La mer de 1'Inde," Lamarck,

1811).

Habitat: In sand and among weed, from 0-4 fathoms.

Uncommon.
Distribution: Throughout the Fiji Islands - From the

Persian Gulf through the tropical Indo-Pacific to Polynesia

and Hawaii.

Discussion: The species is very variable in colour pattern

and sculpture of spiral ridges and interstices. Small and

pale individuals, usually orange or orange-brown in colour,

are prevalent in certain West Viti Levu localities; these

specimens have been associated with Mitra pretiosa

Reeve, but appear to be only an ecological variant.

Mitra emersoni Pilsbry, from Hawaii, is said to differ

fromM . clathrus in being smaller in size, with the vertical

impressed lines about twice as far apart as in M. clathrus,

and having a prominent and beaded appearance of the

raised spiral bands and additional ornamentation between

these spiral bands. Comparison of Hawaiian specimens

of M. emersoni with specimens of M. clathrus from Fiji

and the Philippines showed the differences in obesity,

height of aperture and number of whorls to be insigni-

ficant; the additional ornamentation between the spiral

ridges and the wide-spaced axial grooves were also present

in some specimens of M. clathrus from Fiji. Specimens

of both forms were forwarded to Mr. C. Weaver in

Hawaii, for comparison with larger series of the Hawaiian
form. Mr. Weaver confirmed the close affinity of all

specimens and found any differences to be negligible.
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Dautzenberg & Bouge (1923) commented on the

high variability of Mitra clathrus and treated M. pretiosa

Reeve simply as a variant.

Gmelin (1791, p. 3453) described a Voluta maculosa,

and referred to Chemnitz for an illustration of the species

(1780; Vol. 4, pi. 149, fig. 1377). The figure cited is a

dorsal view of a shell very similar to if not identical with

Mitra clathrus Gmelin.

44. Mitra (Cancilla) filaris (Linnaeus, 1771)

(Plate 15; Figures 33, 33a)

1771. Voluta filaris Linnaeus, Mant. Plant., App., p. 548

1780. Voluta filosa Born, Test. Mus. Caes. Vindob., p. 225;

pi. 9, figs. 9, 10

1791. Voluta leucosticta var. /? Gmelin, Syst. Nat., ed. 13, p.

3457

1811. Mitra nexilis Lamarck, Ann. Mus. Hist. Nat., 17: 202

1850. Mitra filosa bornii Philippi, Zeitschr. Malakozool., 7: 26

1850. Mitra filosa bernardiana Philippi, Zeitschr. Malako-

zool., 7: 26

Shell: Shell small, elongate-ovate, moderately solid; whit-

ish in colour, ornamented with reddish-brown to chestnut

brown spiral ridges. Sutures moderately impressed, whorls

convex, roundly shouldered at the sutures, numbering
from 7 - 8 apart from protoconch of 2\ nuclear whorls;

slightly elevated, rounded dark brown spiral ridges encircle

the shell, ridges commencing a short distance anteriorly

to the sutures, leaving a moderately broad plain presutural

transverse zone. Spiral ridges number from 10 - 12 on the

body whorl and from 3 - 4 on the penultimate whorl

;

close-set axial grooves bisect the spiral ridges and inter-

stices, numbering from 45 - 80 on the body whorl. Inter-

stitial sculpture consists of from 4 - 7 fine spiral threads,

which are divided into short fillets by the axial grooves.

Aperture equal in height or slightly longer than the spire,

moderately wide, outer lip straight and rounded basally,

moderately thick and faintly crimped; interstices of the
crimped crenations lined with dark brown. Interior of
aperture porcelain-white or bluish-white; columella cal-

loused, white in colour, with 4 - 5 oblique folds. Anterior
canal slightly calloused, and straight.

L: 15 to 30mm W: 35 to 44% A: 51 to 58%
Type locality: None.
Habitat: In clean sand, sand-pockets of coral reefs, in
shallow water. Moderately common in the South of
Viti Levu, uncommon elsewhere.
Distribution: Throughout the Fiji Islands. - From East
Africa through the tropical Indo-Pacific to Polynesia.
Discussion: Mitra filosa Born was considered by most

writers to be the slender elongate form of M. filaris (Lin-

naeus) ; the former species is conspecific with M. filaris

but the narrow slender form isM . praestantissima Roding,

1798. The latter differs from M. filaris in being fusiformly

elongate, slender, with an aperture shorter than the spire

and rather narrow, and the whorls are less convex and

more angulate at the sutures; the spiral ridges are wide-

spaced and commence on the presutural ramp and not

some distance anteriorly below the sutures as in M. filaris.

Both species are clearly separable on sight.

45. Mitra (Cancilla) flammea Quoy & Gaimard, 1833

(Plate 15; Figure 29)

1833. Mitra flammea Quoy & Gaimard, Voy. Astrol., 2: 649;

pi. 45, figs. 23, 24, 25 (non Reeve, 1844)

Shell: Shell small, fusiformly-ovate, moderately solid;

whitish to cream in colour, ornamented with fairly regular

chestnut-brown axial streaks. Sutures weakly impressed,

hardly discernible in some specimens, whorls convex,

rounded at the sutures, numbering from 7 - 8 apart from

protoconch of 2 - 3 glassy, dirty-white nuclear whorls;

moderately elevated spiral ridges encircle the shell, ridges

broad at the base but angulate at the summits, numbering

from 1 2 - 1 6 on the body whorl and from 3 - 4 on the pen-

ultimate whorl. Interstices moderately shallow and con-

cave on body whorl, becoming slightly "V"-shaped on

earlier whorls; interstices are cancellate with elevated,

moderately broad axial riblets, numbering from 65 - 80

on the body whorl; the first two to three interstices near

the sutures are ornamented with a weakly defined lirate

intermediate spiral thread. Aperture slightly longer than

the spire, narrow and elongate, outer lip thickened and

finely crenulate; interior of aperture porcelain-white,

occasionally faintly stained with brown towards the deep

interior. Columella calloused, white in colour, with 4-5
wide-spaced oblique folds ; anterior canal slightly calloused

and pointed, occasionally stained with orange-brown.

L: 21 to 26mm W: 34 to 37% A: 55 to 59%
Type locality: Philippine Islands.

Habitat: In clean sand substrate, in shallow and deeper

water.

Rare.

Distribution: North and South Viti Levu. - From Mauri-

tius through the tropical Indo-Pacific to Fiji.

Discussion: The two to three intermediate lirate spiral

threads between the spiral ridges anteriorly to the sutures

are a constant feature, and present in all specimens exam-

ined from Fiji and Mauritius.
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46. Mitra (Cancilla) flammigera Reeve, 1844

(Plate 15; Figure 30)

1844. Mitra flammigera Reeve, Conch. Icon., pi. 22, sp. 173 a,

173 b

1874. Mitra novae-hollandiae Sowerby, Thes. Conch., 4: 9;

pi. 19, fig. 368; pi. 20, fig. 417

Shell: Shell small, fusiformly-ovate to conically-ovate; very

variable in colour, but generally white and ornamented

w ith orange-brown, reddish-brown or dark brown irregu-

lar streaks and blotches, which are sometimes arranged as

axial flames or ill-defined transverse zones on the body

whorl; some specimens are orange-brown and have a

minimum of white blotches and streaks. Sutures moder-

ately impressed, whorls convex, rounded or subangulate at

sutures, numbering from 8 - 9 apart from protoconch of

3 - 2>\ glassy, light-brown nuclear whorls
;
elevated, narrow

and angulate spiral ridges encircle the shell, ridges sharp

or slightly rounded on the summits, numbering from 1 1 to

15 on the body whorl and from 3 - 4 on the penultimate

whorl. A smaller, less elevated intermediate spiral ridge is

present between the main spiral ridges, but this feature is

not at all constant; interstices of spiral ridges concave,

cancellated with numerous axial grooves which bisect the

intermediate ridges and number from 45 - 70 on the body

whorl; axial grooves are wide-spaced, but become close-

set and obsolete on the ultimate quarter of the body whorl.

Aperture equal in height or only slightly longer than the

spire, very narrow, outer lip almost straight and elongate,

thickened and crenulate, faintly constricted basally; inte-

rior of aperture reddish-brown or dark brown. Columella

brownish, calloused basally, with 5-7 whitish, prominent

oblique folds ; anterior canal slightly or distinctly calloused

and straight.

L: 10 to 23mm W: 32 to 39% A: 50 to 56%
Type locality: None.

Habitat: In clean and slightly muddy sand, from 0-15
fathoms.

Uncommon.
Distribution: North and West Viti Levu. - From the

Philippines through the tropical Pacific to Fiji.

Discussion: The species is similar in size and form to

Mitra strigillata Sowerby, but differs appreciably in sculp-

ture and colour. Mitra strigillata is spirally grooved, not

ridged, the aperture is longer, and the shell is basically

green in colour with white narrow axial streaks.

47. Mitra (Cancilla) granatina Lamarck, 1811

(Plate 14; Figure 23)

1791. Voluta scabricula Gmelin (pars), Syst. Nat., ed. 13, p.

3450 (non Buccinum scabriculum Linnaeus, 1758)

1811. Mitra granatina Lamarck, Ann. Mus. Hist. Nat., 17: 203

1817. Voluta scabricula var. Dillwyn, Desc. Cat. rec. shells,

1: 542 (non Buccinum scabriculum Linnaeus, 1758)

1844. Mitra scabriuscula Reeve, Conch. Icon., pi. 5, sp. 35

(non Buccinum scabriculum Linnaeus, 1758)

1878. Mitra scabricola Kobelt, Illust. Conch., p. 65 (non

Buccinum scabriculum Linnaeus, 1758)

Shell: Shell moderately large, elongate-ovate, light in

weight; ivory-white to cream in colour, ornamented with

reddish-brown interrupted spiral lines and generally two

broader reddish-brown spiral bands on the body whorl.

Sutures moderately impressed, whorls long and convex,

rounded at sutures, numbering from 7-8 apart from pro-

toconch of 3^ glassy-white nuclear whorls; elevated irreg-

ularly spaced spiral ridges encircle the shell, ridges orna-

mented with interrupted reddish-brown spiral lines, and

numbering from 19 - 28 on the body whorl and from 9 to

16 on the penultimate whorl. Whorls are axially striate,

striae continuous and overriding spiral ridges; the inter-

stitial sculpture of the spiral ridges consists of additional

fine spiral striae, varying in number from 2 - 7 ;
early

whorls generally whitish and granulose. Aperture equal

in height or longer than the spire, fusiformly elongate to

convexly elongate, outer lip moderately thickened and

crimped, and incised with short transverse lines which

extend a short way into the porcelain-white or cream

aperture. Columella white or cream, with 5 prominent

oblique folds; anterior canal calloused, straight or slightly

recurved, base of outer lip slightly pointed and longer than

the anterior canal.

L: 25 to 63mm W: 30 to 37% A: 52 to 59%
Type locality: Ocean des grandes Indes,

Habitat: In clean and muddy sand substrate, from - 4

fathoms.

Moderately rare.

Distribution: Throughout the Fiji Islands - From the

Red Sea through the tropical Indo-Pacific to Polynesia.

Discussion: Mitra granatina Lamarck has been used inter-

changeably for this species and also for M. scabricula

(Linnaeus). Linnaeus (1758, p. 740) placed originally

M. scabricula in the genus Buccinum, as the broad, heavy

and ventricose appearance of the species bears a superficial

resemblance to other members of that genus.

Mitra granatina has been well illustrated in the Encyclo-

pedic methodique (1798; pi. 371, figs. 4a, 4b), which
are the type figures, and also in Kira ( 1959; pi. 34, fig.4)

and Dautzenberg (1935; pi. 2, fig. 6).

An unusual fully mature dwarf variant has been
dredged by A. Jennings (personal communication) in 10

fathoms off the Mamanuca group. The specimen re-

sembles Mitra granatina, but is much smaller (L: 12.5

millimeters), moderately broad (W: 377c) with an aper-

ture longer than the spire (A: 58%). The whorls are
shorter, spiral ridges more prominent and wide-spaced,
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numbering 15 on the body whorl and 4 on the penultimate

whorl ; whorls number 6 apart from the protoconch which

is rather bulbous; the aperture is narrower especially

towards the base and the columella has 6 columellar folds.

As only one specimen is known at the present time, and

as it closely resembles Mitra granatina, it has been listed

and illustrated as a variant only.

48. Mitra (Cancilla) incarnata Reeve, 1845

(Plate 16; Figures 39, 39a)

1845. Mitra incarnata Reeve, Conch. Icon., pi. 36, sp. 299

1882. Mitra (Cancilla) carnicolor Reeve, Tryon (pars),

Man. Conch., 4: 139; pi. 41, fig. 186

Shell: Shell small, fusiformly-elongate, light in weight;

ivory-white, cream or flesh in colour, generally ornamented

with one or two broad brown transverse bands of varying

intensity on the body whorl; the basal transverse band is

indistinct and often absent, earlier whorls with a narrow

brown spiral band adjoining sutures. Sutures weakly to

moderately impressed, whorls convex, rounded at sutures,

numbering from 6-9 apart from protoconch of two glassy-

white nuclear whorls; elevated narrow spiral ridges en-

circle the shell, ridges angulate but slightly rounded on

summits, numbering from 10- 14 on the body whorl and

from 3-4 on the penultimate whorl. Interspaces are

axially closely grooved, separating the interstitial area into

five rows of axially oriented small fillets; the central row
of fillets is slightly more elevated than the two rows of

fillets on either side; longitudinal grooves number from

50 - 70 on the body whorl. Aperture equal in height or

slightly longer than the spire, narrow, elongate and
pointedly rounded basally, outer lip moderately thickened

and crimped ; interior of aperture porcelain-white. Colum-
ella calloused basally, white in colour, with 4-5 oblique

folds; anterior canal straight, sharp and pointed.

L: 15 to 30mm W:*30to34% A: 48 to 55%
Type locality: Cagayan, Mindanao, Philippine Islands.

Habitat: On coral-rubble substrate, from 10 - 15 fathoms.

Moderately rare.

Distribution: West Viti Levu. - From the Philippine

Islands to Fiji, Hawaii?
Discussion: The type specimen of Mitra missa Dall
(MS name)

, illustrated as a variant of M. peasei Dohrn
1860 by J. Cate (1963; pi. 8, fig. 45) appears rather
similar to the specimen illustrated here as M. incarnata
Reeve.

49. Mitra (Cancilla) interlirata Reeve, 1844

(Plate 16; Figures 36, 36a)

1844. Mitra interlirata Reeve, Conch. Icon., pi. 10, sp. 70

1858. Mitra foveolata Dunker, Novit. Conch., p. 46; pi. 15,

figs. 5, 6

1882. Mitra (Cancilla) flammea Tryon (pars), Man. Conch.,

4: 140; pi. 41, fig. 192 (non Quoy & Gaimard, 1833)

Shell: Shell fusiformly-elongate, moderately small, light in

weight; whitish in colour, ornamented with from one to

three transverse rows of irregular but generally quadrate

rusty-brown spots or axial streaks on the body whorl, and

a single row of spots or streaks on earlier whorls; in some

individuals the spots are arranged in ill-defined transverse

bands. Sutures weakly impressed, whorls slightly convex,

subangulate or rounded at sutures, numbering from 8 - 9

apart from protoconch of 3 white nuclear whorls ;
elevated,

sharp and narrow spiral ridges encircle the shell, number-

ing from 12 - 14 on the body whorl and from 3 - 4 on the

penultimate whorl; spiral ridges ornamented with inter-

rupted reddish-brown spiral lines. Interstices of spiral

ridges with a slightly elevated, lirate intermediate spiral

ridge and numerous (about 60-80) elevated axial riblets.

Aperture equal in height or slightly longer than the spire,

very narrow and elongate, outer lip moderately thin and

crimped; interior of aperture porcelain-white. Columella

white, rarely with a brown blotch, with 5-6 prominent

oblique folds, the last two folds rather ill-defined; anterior

canal produced and pointed, straight or slightly recurved.

L: 18 to 40mm W: 28 to 31% A:' 53 to 57%
Type locality: Island of Masbate, Philippines.

Habitat: In sand substrate and among weed, from 10-17

fathoms.

Rare.

Distribution: West Viti Levu. - From Mauritius through

the tropical Indo-Pacific to Polynesia and Hawaii.

Discussion: Mitra interlirata Reeve and six other similar

species were placed in the synonymy of M. flammea

Quoy & Gaimard by Tryon (1882) ; the latter species is

quite distinct, and is discussed elsewhere in this paper.

50. Mitra (Cancilla) peasei Dohrn, 1860

(Plate 15; Figures 35, 35a)

1860. Mitra peasei Dohrn, Proc. Zool. Soc. London, pt.

28: 366

1921. Mitra langjordi Pilsbry, Proc. Acad. Sci. Phila.. 72:

315; pi. 12, fig. 20

Shell: Shell small, narrow, fusiformly-elongate; white or

greyish-white in colour, ornamented with chestnut-brown

spiral ridges. Sutures weakly to moderately impressed,

whorls flattened to slightly convex, subangulate at sutures,



Vol. 8; No. 2 THE VELIGER ?a?c 107

numbering from 6-9 apart from protoconch of 2^-3

pearly white nuclear whorls; reddish-brown to dark chest-

nut-brown elevated spiral ridges encircle the shell, ridges

fairly thin and rounded, numbering from 10-13 on the

body whorl and from 3 - 5 on the penultimate whorl.

Interstices of spiral ridges concave, with from 3-7 inter-

mediate fine transverse threads; moderately deep axial

grooves bisect main ridges and intermediate spiral threads,

numbering from 30 - 60 on the body whorl. Aperture

about equal in height to the spire, narrow, elongate and

pointedly rounded basally, outer lip moderately thin and

crimped; interior of aperture porcelain-white or bluish-

white. Columella white, with 4 - 5 oblique folds; anterior

canal slightly calloused, straight or slightly recurved.

L: 11 to 26mm W: 28 to 34% A: 45 to 55%
Animal: Sole and dorsum of foot translucent creamy-

white, ornamented with small oval snow-white spots.

Siphon very long, snow-white; tentacles slender and white,

eyes moderately large, black.

Type locality: Australia.

Habitat: In clean and slightly muddy sand, on coral

fragment and weed substrate, from 0-17 fathoms.

Moderately common.
Distribution: Throughout the Fiji Islands. - From Aus-

tralia through the tropical Pacific to Hawaii.

Discussion: The size quoted by Dohrn (1860) for the

species was: Length 37mm, width 11 mm and aperture

20 mm. While Fiji specimens agree in the aperture and
obesity ratios, the average length is only 20 mm; the

majority of specimens examined had the chestnut-brown

lining of the spiral ridges continuous, not interrupted.

The smallest juvenile specimen collected in Fiji was 8

millimeters in length and had only 5 whorls, 4 pearly-white

nuclear whorls, and only 20 axial grooves.

51. Mitra (Cancilla) philippinarum A. Adams, 1853

(Plate 15; Figure 32)

1844. Mitra flammea Reeve, Conch. Icon., pi. 16, sp. 120 (non

Quoy & Gaimard, 1833)

1853. Mitra philippinarum A. Adams, Proc. Zool. Soc. Lon-

don, pt. 19: 141

Shell: Shell moderately small, elongate-fusiform, spire

pointed; very variable in colour, but generally whitish

or grey, ornamented with irregular dark brown or greenish

brown axial streaks and blotches; the spiral ridges are

lined with interrupted orange-brown to reddish-brown

spiral lines. Sutures slightly impressed, whorls convex,

subangulate at sutures, numbering from 8-10 apart

from protoconch of 2 - 2\ glassy-brown nuclear whorls.

Elevated, keel-like spiral ridges encircle the shell, ridges

lined with orange-brown and numbering from 12 - 17 on

the body whorl and from 3 - 5 on the penultimate whorl;

in some specimens the spiral ridges tend to become more

rounded and flat towards the base. Interstices of spiral

ridges deeply "V"-shaped, cancellated with numerous

axial grooves and occasionally smaller intermediate spiral

ridges or striae; the axial grooves are either confined to

the interstices or may override the spiral ridges. Aperture

longer than the spire, very narrow and elongate, outer

lip moderately thickened and crenulate ; interior of aper-

ture dark greyish-brown, interior edge of outer lip white.

Columella whitish, calloused, with 5-6 oblique folds;

anterior canal straight or slightly recurved.

L: 14 to 32mm W: 31 to 37% A: 56 to 62%
Animal: Sole of foot uniformly white; dorsum of foot

whitish, ornamented with small clusters of white spots

at edges, anterior region of foot speckled with black.

Siphon black, very finely spotted with white, distal end

banded with white; tentacles thin, translucent creamy-

yellow, with a fine longitudinal black line, base dark grey;

eyes black.

Type locality: Philippine Islands.

Habitat: In clean and muddy sand and among weed, in

shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From the

Philippine Islands to Fiji.

Discussion: In large specimens (about 30mm in length)

the spiral ridges are less prominent, and interstices are

concave instead of "V"-shaped.

52. Mitra (Cancilla) pia Dohrn, 1860

(Plate 16; Figures 37, 37a)

1860. Mitra pia Dohrn, Proc. Zool. Soc. London, pt. 28: 366

1934. Mitra (Tiara) fijiensis Ladd, B. P Bishop Mus. Bull..

119: 227; pi. 40, fig. 7

Moderately rare.

Shell: Shell small to moderate in size, fusiform, fairly

solid; dirty-white to light fawn in colour, ornamented

with golden-brown spiral ridges. Sutures moderately

impressed, whorls flattened to slightly convex, subangulate

to angulate at sutures, numbering from 8-10 apart from

protoconch of 3 glassy-white nuclear whorls, first embry-

onic whorls generally tipped with violet; angulate and
elevated spiral ridges encircle the shell, ridges narrow,

slightly rounded at the summits and coloured a glossy

golden-brown; spiral ridges number from 12- 14 on the

body whorl and from 3 - 4 on the penultimate whorl.

Interstices of spiral ridges sculptured with a slightly risen

finely beaded intermediate ridge, generally golden brown
in colour; numerous, fine and elevated axial riblets cross

interstices, numbering from 90- 110 on the body whorl;
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in one and the same specimen the axial riblets may be

confined to the interstices or may override the intermediate

spiral ridge. Aperture equal in height or longer than the

spire, narrow and elongate, outer lip moderately thickened

and crimped ; interior of aperture porcelain-white. Colum-

ella slightly oblique and calloused basally, white in colour,

with 4- 6 oblique folds; anterior canal slightly produced

and recurved.

L: 20 to 42mm W: 31 to 34% A: 48 to 60%
Type locality: Australia.

Habitat: In sand and coral fragment substrate, from 10

to 17 fathoms.

Distribution: West Viti Levu. - Australia?

Discussion: The interstitial sculpture of this species is very

similar to that of Mitra interlirata Reeve, from Fiji

except that the intermediate spiral ridges on M. pia are

slightly more elevated and golden-brown in colour, the

axial riblets are narrower and more numerous, and the

base of the transverse ridges is broader; the two species

also differ in colour pattern, obesity and sculpture of

whorls.

53. Mitra (Cancilla) praestantissima Roding, 1798

(Plate 15; Figures 34, 34a)

1791. Voluta scabricula Gmelin (pars), Syst. Nat., ed. 13, p.

3450

1798. Mitra praestantissima Roding, Mus. Bolten., p. 138

1850. Mitra filosa gracilis Philippi, Zeitschr. Malakozool., 7:

26 (non Reeve, 1844)

1962. Tiara filaris Kira, Shells West. Pacific, p. 98; pi. 35. fig.

1 (non Voluta filaris Linnaeus, 1771)

Shell: Shell moderately small, elongate-fusiform, narrow,

light in weight ; white in colour, ornamented with reddish-

brown or chestnut-brown spiral ridges. Sutures moderately
impressed, whorls long, flattened or very slightly convex,

subangulate at sutures, numbering from 8-10 apart from
protoconch which is usually eroded; slightly elevated,

chestnut-brown spiral ridges encircle the shell, ridges

rounded and lirate, numbering from 10- 12 on the body
whorl and from 3 - 5 on the penultimate whorl. Inter-

stices of spiral ridges cancellate with close-set or wide-
spaced narrow axial grooves, and occasionally with a
chestnut-brown intermediate spiral ridge; the interspaces
are further ornamented with from 2-10 smaller and finer

spiral threads, axial grooves bisect the main and inter-
mediate spiral ridges, numbering from 50 - 95 on the body
whorl. Aperture shorter than the spire, narrow, fusiform,
pointedly rounded basally, outer lip moderately thickened
and undulate; interior of aperture porcelain-white. Col-
umella calloused basally, white in colour, with 3 - 5 prom-
inent oblique folds; anterior canal calloused and straight.
L: 18 to 35mm W: 26 to 29% A: 42 to 48%

Type locality: None.

Habitat: In clean and weedy sand substrate, from 0-17

fathoms.

Uncommon.
Distribution: Throughout the Fiji Islands. - From Mau-

ritius through the tropical Indo-Pacific to Polynesia.

Discussion: The species has occasionally been regarded by

various writers as the slender form of Mitra filaris (Lin-

naeus
)

, but it is a clearly separable and distinct species.

Roding (1798) referred to Martini (= Chemnitz,

1780; Vol. 4, pi. 149, figs. 1388, 1389) for illustrations of

the species; although the whorls are drawn somewhat too

rounded at the sutures, they appear to represent the same

species as illustrated here under Mitra praestantissima

Roding.

54. Mitra (Cancilla) species

(Plate 14; Figure 19)

Shell: Shell moderate in size, fusiformly elongate-ovate,

heavy and solid
;
dirty-white in colour, occasionally cream,

ornamented with a broad orange-brown central transverse

band on the body whorl, and two zones of fairly regular

axial streaks at the sutures and base; earlier whorls with

irregular orange-brown axial streaks. Sutures moderately

impressed, whorls convex, rounded at sutures, numbering

from 8-9 apart from protoconch which was eroded in

specimens examined
;
slightly elevated and angulate spiral

ridges encircle the shell, numbering from 13 - 16 on the

body whorl and from 4 - 5 on the penultimate whorl.

Interstices of spiral ridges shallow, sculptured with deep

axial grooves and one or two fine lirate intermediate

spiral threads. Body whorl very long, aperture longer than

the spire, moderately broad, outer lip almost straight and

crenulate; interior of aperture porcelain-white. Columella

white with 5 oblique folds which decrease in size towards

the base; anterior canal calloused and slightly recurved.

L: 38 to 44mm W: 32 to 34% A: 63 to 66%
Habitat: In sand and coral fragment substrate, from 10

to 17 fathoms.

Rare.

Distribution: South and West Viti Levu. - ?

Discussion: The species is somewhat similar to Mitra

(Cancilla) philippinarum A. Adams, but it is larger in

size, with a longer body whorl and aperture, less elevated

spiral ridges, shallow interstices, deep axial grooves and
convexly rounded whorls. The aperture is broader, outer

lip almost straight and the interior of the aperture is

always porcelain-white, not dark greyish-brown as in M.
philippinarum.

The intermediate spiral threads are absent in some
interstices on the same shell. The species conforms with
the diagnosis of Mitra rufescens A. Adams, 1853, described



Vol. 8; No. 2 THE VEUGER Page 109

from a specimen (or specimens) obtained by the "H. M.

S.Samarang" in the China Seas. The species was not

figured by Adams ( 1853) and was not even mentioned by

Sowerby (1874) in his monograph on Mitra.

Strigatella Swainson, 1840

Type species by original designation Mitra zebra La-

marck, 1811= Strigatella paupercula (Linnaeus, 1758).

1840. Strigatella Swainson, Treat. Malac, 127: 319

1840. Mitreola Swainson, Treat. Malac, 127: 320

Characteristics: Shell ovate to elongate-ovate, heavy and

solid, spire acuminate, sutures plain or rarely obsoletely

coronate, whorls smooth, spirally striate or occasionally

granulose, aperture narrow, outer lip thick, smooth or

crenulate, interior of outer lip with a prominent callus,

interior of aperture smooth, columella obliquely plicate,

anterior canal short. Shell covered with a thick or thin

epidermis.

55. Strigatella acuminata (Swainson, 1824)

(Plate 18; Figure 66)

1824. Mitra acuminata Swainson, Quart. Journ. Sci. Inst.

Great Brit., 17(33) : 36 (non Valuta acuminata GME-

LIN, 1791)

1832. Mitra acuminata Swainson, Zool. Illust., ser. 2, p. 128,

fig. 3

1833. Mitra lutea Quoy & Gaimard, Voy. Astrol., 2: 650; pi.

55 bis, figs. 7, 8, 9

Shell: Shell moderately small, elongate-ovate, solid, spire

concave and acuminate; cream or yellowish in colour

throughout. Sutures deeply impressed, whorls flattened,

numbering from 8-9 apart from porcelain-white proto-

conch; numerous close-set and fine spiral striae encircle

the shell, striae occasionally only faintly visible on the body

whorl, but distinct on earlier whorls, numbering from

30 - 40 on the body whorl and from 12-17 on the pen-

ultimate w horl. Aperture longer than the spire, moderately

broad and angulate, outer lip thickened and smooth,

calloused near point of commencement; interior of aper-

ture porcelain-white with a faint rosy tinge, edge of outer

lip calloused and occasionally coloured yellow. Columella

white or very light rose, with 4-5 oblique folds; anterior

canal straight.

L: 22 to 29mm W: 40 to 44% A: 56 to 61%
Type locality: Port Dorey.

Habitat: Under coral rocks on sand substrate, in shallow-

water.

Rare.

Distribution: South Viti Lcvu and the Lau Islands. -

From Mauritius through the tropical Indo-Pacific to

Polynesia and Hawaii.

Discussion: Strigatella acuminata (Swainson) is not

congeneric with Voluta acuminata Gmelin, 1791 (p.

3454). Gmelin's citation to figures was to Chemnitz

(1780; pi. 150, figs. 1403, 1404) , which depict an elongate

fusiform shell, transversely and axially striate and of a

costate appearance; they resemble a shell similar to

Vexillum granosum (Gmelin), and may possibly repre-

sent that species.

Mitra lutea Roding, 1798 is a nomen nudum.

56. Strigatella auriculoides (Reeve, 1845)

(Plate 18; Figure 61)

1839. Mitra unifascialis Kiener, Spec. Gen. Icon. Coq. Viv.,

p. 53; pi. 16, fig. 51 (non Lamarck, 1811)

1845. Mitra auriculoides Reeve, Conch. Icon., pi. 28, sp. 228

Shell: Shell small, elongate-ovate, rather solid; reddish-

brown to chestnut-brown in colour, ornamented with

either a narrow or moderately broad white transverse

band anteriorly to the suture on the body whorl, and a

single white band adjoining sutures on earlier whorls.

The white transverse band is often blotched with white,

and the band on the earlier whorls is often interrupted;

the body whorl is occasionally finely spotted with white,

and spots may be arranged in longitudinal rows. Sutures

moderately impressed, whorls flattened or convex, rounded

at the sutures, numbering from 5-6 apart from proto-

conch which is always eroded in adults
;
close-set, fine and

punctate spiral lines encircle the shell, numbering from

18-25 on the body whorl and from 4 - 6 on the penulti-

mate whorl; spiral grooves become deeper and more

prominent towards the base. Aperture much longer than

the spire, narrow, outer lip thickened and almost per-

pendicular, sinuated anteriorly and crenulated basally

with 10-15 nodules; interior of aperture white or bluish-

white. Columella concave, white or light brown, with 4-5
prominent oblique folds; anterior canal short and straight,

spirally corded.

L: 15 to 24mm W: 45 to 53% A: 60 to 72%
Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Polynesia

and Hawaii.
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57
'. Strigatella columbellaeformis (Kiener, 1839)

(Plate 17; Figure 56)

1839. Mitra colombelliformis Kiener, Spec. Gen. Icon. Coq.

Viv., p. 47; pi. 15, fig. 46

1844. Mitra columbellaeformis Reeve, Conch. Icon., pi. 18,

sp. 138 (emendment)

1844. [?] Mitra decurtata Reeve, Conch. Icon., pi. 20, sp. 154

1882. Mitra (Strigatella) limbifera Tryon (pars), Man.

Conch., 4: 154; pi. 45, figs. 323, 324 (non Lamarck,

1811)

Shell: Shell moderate in size, broadly ovate and heavy;

light or dark brown in colour, ornamented with irregular

white blotches at the sutures. Sutures moderately im-

pressed, whorls flattened or very slightly convex, numbering

6 apart from protoconch which is usually eroded in adult

shells; close-set, moderately shallow punctate spiral

grooves encircle the shell, numbering fom 27 - 35 on the

body whorl and from 7 - 8 on the penultimate whorl. The
body whorl is transversely and axially striate, but the

striae are so fine that they are only visible under magni-
fication. Aperture longer than the spire, prominently

calloused at point of commencement, outer lip very thick

and smooth, contracted centrally, calloused within, trun-

cated basally; interior of aperture white or bluish-

white. Columella whitish, calloused, with 6 prominent

oblique white folds; anterior canal straight.

L: 31 to 40mm W: 50 to 54% A: 62 to 68%
Type locality: Madagascar.
Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Rare.

Distribution: North Viti Levu. - From Melanesia to

Polynesia.

Discussion: This species is variable in colour pattern; some
specimens are almost fully brown throughout and with
only a few small white spots, while some individuals are

ornamented with a white transverse band at the sutures.

Kiener's type locality of Madagascar needs confirma-
tion, as the species appears to be restricted to the Pacific

region.

58. Strigatella crassa (Swainson, 1822)

(Plate 13; Figure 10; Text figure 7)

1822. Mitra crassa Swainson, Zool. Illust., ser. 1, pi. 88, fig.

4 (top and bottom)

Shell: Shell moderate in size, elongate-ovate, very heavy

and solid ; dark brown in colour, ornamented with a single

narrow yellow or yellowish-brown transverse band just

anteriorly to the sutures ; occasional specimens have small

fine white nodules at the sutures. Sutures deeply impressed,

whorls flattened, numbering from 6-7 apart from proto-

conch of 1^-2 dirty-white nuclear whorls; moderately

deep spiral grooves encircle the shell, numbering from

17 - 26 on the body whorl and from 4 - 9 on the penulti-

mate whorl
;
grooves are occasionally finely axially striate,

and terminate as spiral ridges towards the base. Aperture

longer than the spire, convexly-elongate, occasionally

constricted at anterior third; outer lip thickened and

crenulate. Interior of aperture whitish or pale violet;

first third of columella brown, remainder whitish and
calloused, with 5-6 prominent and oblique folds. Anterior

canal only slightly calloused and straight.

L: 27 to 48mm W: 40 to 47% A: 55 to 63%
Animal: Sole of foot plain creamy-white; dorsum of foot

uniformly chestnut-brown, minutely lined with dark

brown, posterior region dark brown, edges of foot white.

Siphon pale yellow, becoming brown towards its distal

end which is banded with white; tentacles thick, short and
pointed, chestnut-brown or tan in colour, points tipped

with white, base of tentacles white. Eyes very small and

black.

Part of the shell was removed to allow unhindered

examination of the animal while living. The siphon was
pure white, bulb distension a pale yellow, and measured

27 mm in length. The proboscis is being distended and
retracted through a circular opening between the eyes,

and can be withdrawn completely into the body interior.

The entire length of the proboscis is finely latitudinally

wrinkled, with the exception of the bulb at the distal end
which is fairly smooth. The odontophore is positioned

Explanation of Plate 17

Figure 50: Mitra cucumerina Lamarck. Fiji (x 2.0) Figure 50a: Mitra cucumerina Lamarck, showing detail of sculpture on body
whorl (approx. x 5.0) Figure 51 : Mitra chrysalis Reeve. Fiji (x 2.0) Figure 51a: Mitra chrysalis Reeve, showing detail of sculpture
on body whorl, (approx. x 5.0) Figure 52: Mitra floridula Sowerby. Fiji (x 1.25) Figure 53: Mitra lugubris Swainson. Fiji (x 1.6)

Figure 54: Mitra cf. M. nigricans Pease. Fiji (x 1.9) Figure 55: Type-figures of Mitra coronata Lamarck, from the "Encyclopedic
methodique." Figure 55a: Mitra coronata Lamarck, dark coloured specimen dredged from 17-20 fathoms West off Nadi, Fiji (x 2.0)
Figure 55b: Mitra coronata Lamarck, axially plicate specimen from 7 fathoms, Bay of Islands, Suva, Fiji, (x 2.0) Figure 55c: Mitra

coronata Lamarck, specimen similar to Lamarck's holotype, extant in the Museum d'Histoire Naturelle, Geneva. Fiji (x 1.5)

Figure 56: Strigatella columbellaeformis (Kiener). Fiji (x 1.2) Figure 57: Strigatella telescopium (Reeve). Fiji (x 2.0)

Figure 58: Strigatella scutulata (Gmelin). Fiji (x 1.3) Figure 59: Strigatella paupercula (Linnaeus). Fiji (x 1.6)

Figure 60: Strigatella pellisserpentis (Reeve). Fiji (x 1.75)
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within the bulb-like distension, and attached to the interior

lining by two main muscle fibers imbedded in the tissues.

There is a considerable shrinkage of the proboscis in

preserved specimens (17 -18mm); specimens preserved

in spirits have all organs coloured a uniform purplish-grey,

due to the discharge of purple mucus at the time of

death. The tissues of the proboscis are extremely tough,

and repeated cutting with a scalpel is required to pene-

trate the outer tissue layers.

Radula: Specimens examined ranged from 39 to 45 mm
in length. The radular ribbon is of the typical Strigatella

|

0.1mm
t

C

Figure 7

Strigatella crassa (Swainson). Fiji Islands.

a. one row of radular teeth

b. lateral view of proboscis in extended position

c. dorsal view of head of animal

r= radula in situ p= proboscis t= tentacle

e= eye

pattern and translucent white. The length of the ribbon

varied from 0.7 to 0.9 mm in specimens examined. The
first four to six rows were worn, centrals and laterals

exhibiting the same amount of wear. The ribbon consists

of 92 to 105 fully-formed rows of teeth (plus 4-6 nas-

centes). The centrals arc roughly trapezoidal in shape,

broader than they are long, with 5 moderately short main

cusps; the two small side-denticles are often obsolete in

some centrals of the same radula. The laterals are cleaver-

shaped, three times as broad as the centrals, and have

from 10-13 cusps; the last cusp generally becomes an

obsolete denticle, and there may be an additional two

denticles in some specimens.

Type locality: None.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Moderately common.
Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Polynesia.

Discussion: The live animal pattern and radula are those

of the genus Strigatella and closely resemble those of

S. litterata (Lamarck) and S. tri.stis (Broderip) [Cer-

nohorsky, in preparation]. The species should therefore

be removed from Mitra s. str. and transferred to the genus

Strigatella.

59. Strigatella litterata (Lamarck, 1811)

(Plate 18; Figure 65)

1811. Mitra litterata Lamarck, Ann. Mus. Hist. Nat., 17: 220

1822. Columbella bizonalis Lamarck, Anim. sans Vert. 7: 294

1923. Mitia (Strigatella) litterata var. minor Dautzenberg &

Bouge, Journ. Conchyl., 67: 145

1923. Mitra (Strigatella) litterata var. major Dautzenberg &

Bouge, Journ. Conchyl., 67: 145

Shell: Shell small, broadly ovate and heavy, spire rounded

;

white to cream in colour, ornamented with irregular dark

brown or almost black wavy axial streaks and blotches,

often arranged in two to three transverse zones on the

body whorl. Sutures moderately impressed, whorls con-

vexly rounded, numbering from 5-7 apart from proto-

conch which is always eroded in adult shells; close-set

spiral rows of shallow punctures encircle the shell, num-
bering from 1 7 - 29 on the body whorl and from 4-13
on the penultimate whorl. Aperture much longer than the

spire, narrow, rounded basally; outer lip very thick, occa-

sionally calloused at point of commencement, straight or

slightly constricted centrally, calloused within; interior of

aperture bluish-white. Columella whitish, with 4-5
prominent white oblique folds; anterior canal straight or

slightly recurved.

L: 16 to 29mm W: 50 to 61% A: 67 to 79%
Animal: Sole of foot white; dorsum of foot uniformly

chestnut-brown. Siphon light brown, tentacles short,

chestnut-brown in colour and tipped with white; eves

black and ringed with white.

Type locality: Ocean indien.
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Habitat: Under coral rocks on sand substrate, in crevices

of coral reefs, in shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From the

Red Sea through the tropical Indo-Pacific to Polynesia

and Hawaii.

Discussion: Lamarck's original description lacks refer-

ences to illustrations; his description, however, points out

all the salient features of the species, which can be

unequivocally identified from Lamarck's diagnosis alone.

60. Strigatella oleacea (Reeve, 1844)

(Plate 18; Figure 63)

1844. Mitra oleacea Reeve, Conch. Icon., pi. 14, sp. 105

1882. Mitra (Strigatella) scutulata Tryon (pars), Man.
Conch., 4:155; pi. 46, fig. 336 (non Voluta scutulata

Gmelin, 1791)

Shell: Shell moderately small, elongate-ovate or ovate,

solid, spire short; tan to dark brown in colour, colour

pattern often appearing as dark brown, broad axial streaks

upon a chestnut-coloured background ; dark brown spiral

lines encircle the shell, but are mostly obscured and only

visible at the edge of the outer lip. Sutures deeply im-

pressed and obsoletely finely crenate, whorls slightly

convex, numbering from 6 - 7 apart from protoconch

which is eroded in adult shells; body whorl bulbous, apex
of spire whitish. Fine and shallow spiral grooves encircle

the shell, grooves usually obsolete on the central area of

the body whorl, but distinct on earlier whorls; spiral

grooves number from 6 - 14 on the body whorl and from
4 - 7 on the penultimate whorl. Fine and close-set axial

growth-striae are visible on the penultimate and earlier

whorls. Aperture longer than the spire, moderately narrow,
outer lip thick and smooth, convexly elongate, calloused

interiorly near point of commencement; the edge of the
outer lip is lined with short dark brown lines. Interior of
aperture porcelain-white, columella white, calloused ba-
sally, with 5 prominent oblique folds; anterior canal
short and straight.

L: 15 to 24mm W: 46 to 51% A: 61 to 68%
Type locality: None.
Habitat: Under coral rocks on sand substrate, in shallow
water.

Rare.

Distribution: North Viti Levu. - From Mauritius through
the tropical Indo-Pacific to Fiji.

Discussion: Strigatella pellisserpentis (Reeve) differs
from this species in colour, and it is also narrower, more
elongate, with a shorter aperture, granulose whorls and
a prominently crenulate and differently formed outer lip.

61. Strigatella panpercula (Linnaeus, 1758)

(Plate 17; Figure 59)

1758. Voluta paupcrcula Linnaeus, Syst. Nat., ed. 10, p. 731

1798. Mitra venosa Rodinc, Mus. Bolten., p. 137

1811. Mitra zebra Lamarck, Ann. Mus. Hist. Nat., 17: 215

1817. Mitra radiata Schumacher, Essai Nouv. Syst., p. 238

1833. Mitra retusa Quoy & Gaimard, Voy. Astrol., 2: 6-15; pi.

45, figs. 19-22 (non Lamarck, 1811)

1844. Mitra virgata Reeve (pars). Conch. Icon., pi. 25, fig.

197b only (non Voluta virgata Gmelin, 1791

j

1923. Mitra (Strigatella) paupercula var. obtuwta Dautzen-

berg & Bouge, Journ. Conchy!., 67: 149

Shell: Shell small, elongate-ovate to ovate, rather solid;

dark brown to almost black in colour, ornamented with

straight or waved white axial streaks, which are either

continuous from the suture to the base or interrupted

centrally. Sutures weakly impressed, whorls flattened or

very slightly convex, numbering from 5-7 apart from

protoconch of 2 white nuclear whorls. Body whorl gener-

ally smooth, with the exception of the basal part which

bears 6-9 thin and sharp spiral cords; in immature

specimens the earlier whorls have 5-9 elevated thin spiral

ridges which become ill-defined and obsolete with matu-

rity. Aperture longer than the spire, moderately broad,

outer lip thick, contracted near the point of commence-

ment, calloused on the interior edge; edge of outer lip

either smooth or with 4-9 faint crenules towards the

anterior. Interior of aperture uniformly brown, edge of

lip bluish-white in some specimens; columella brown,

whitish and calloused basally, with 4 - 5 prominent white

folds; anterior canal straight and spirally corded.

L: 14 to 32mm W:^45 to 59% A:56 to 73%
Type locality: M. mediterraneo [error].

Habitat: Under coral rocks on sand and reef substrate,

more often in crevices of rocks near the high tide level.

Moderately common.
Distribution: South and West Viti Levu. - From the

Red Sea through the tropical Indo-Pacific to Samoa.

Discussion: The species is extremely variable in shape,

colour and pattern. It occurs in widely dispersed localities

in Fiji, but when encountered is usually frequent, espe-

cially near the high-tide level in rock crevices.

Mitra pica (Dillwyn, 1817) is similar in colour-

pattern, but differs in being more elongate, with a pointed

and attenuated base, and fine spiral striae covering the

entire body whorl; the outer lip lacks the prominent callus

on the interior of the outer lip, and is moderately thin and
convexly elongate instead, with a coffee-bown interior.

Mitra tigrina A. Adams, 1853 is a synonym of M. pica

(Dillwyn) .
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62. Strigatella pellisserpentis (Reeve, 1844)

(Plate 17; Figure 60)

1844. Mitra pellis-serpentis Reeve, Conch. Icon., pi. 10, sp. 66

1844. Mitra granata Reeve, Conch. Icon., pi. 33, sp. 271

1844. Mitra brumalis Reeve, Conch. Icon., pi. 34, sp. 280

1853. [1] Mitra grelloisi Recluz, Journ. Conchyl., 4: 247; pi.

7, fig. 8

1874. Mitra cretacea Sowerby, Thes. Conch., 4: 21; pi. 26,

figs. 577, 578

1874. Mitra nassoidcs Sowerby, Thes. Conch., 4: 22; pi. 27,

fig. 631

Shell: Shell small, elongate-ovate, solid, spire pointed;

yellow, yellowish-brown or light tan in colour throughout;

rare individuals are ornamented with narrow white axial

streaks. Sutures deeply impressed, whorls flattened to

slightly convex, numbering from 7-9 apart from proto-

conch of 2 glassy-white nuclear whorls; spiral grooves

encircle the shell, grooves sometimes obsolete on body

whorl, numbering from - 23 on the body whorl and from

3 - 7 on the penultimate whorl. Close-set, sometimes irreg-

ular deep or shallow axial striae bisect the spiral grooves,

giving the shell a granulose appearance; axial striae

number from 20 - 40 on the body whorl. Some specimens

are only faintly grooved on the body whorl, and sutures

have small obsolete close-set and rounded coronations;

early whorls often whitish and always granulose. Aperture

equal in height or slightly longer than the spire, outer

lip thickened, fairly straight or slightly constricted, pro-

duced on the interior of the outer lip and prominently

crenate ; interior of aperture cream or yellowish in colour.

Columella yellowish, calloused, with 4 prominent slightly

oblique folds, ultimate fold ill-defined; anterior canal

slightly produced, calloused and spirally corded.

L: 18 to 28mm W: 38 to 44% A: 51 to 57%
Type locality: Island of Mindoro and Bohol, Philippines.

Habitat: In clean and weedy sand substrate, occasionally

under coral rocks, from 0-2 fathoms.

Uncommon.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia and
Hawaii.

Discussion: The species is rather variable in colour, and
even more so in sculpture. Some specimens are promi-

nently granulose, while others are almost smooth on the

body whorl ; occasional individuals have the spiral grooves

microscopically striate.

63. Strigatella retusa (Lamarck, 1811)

(Plate 18; Figure 64)

1791. Voluta paupercula var. 8 Gmelin, Syst. Nat., ed. 13, p.

3447 (non Linnaeus, 1758)

1811. Mitra retusa Lamarck, Ann. Mus. Hist. Nat., 17: 217

1841. Mitra lineata Kuster, Conch. Cab., p. 121 : pi. 16, figs.

19, 20 (non Voluta lineata Gmelin, 1791, non Conoelix

lincatus Swainson, 1821)

1844. Mitra virgata Rf.kve (pars), Conch. Icon., pi. 25, fig.

197a only (non Voluta virgata Gmelin, 1791)

Shell: Shell small, elongate-ovate to ovate, heavy and solid,

spire blunt, rounded; orange-brown, reddish-brown or

dark brown in colour, ornamented with close-set or wide-

spaced wavy longitudinal white lines, lines often termina-

ting as spots basally; a narrow whitish transverse band

encircles the body whorl some distance anteriorly to the

suture and may become obsolete in some individuals.

Sutures moderately impressed, whorls convex, rounded at

sutures, numbering from 5-6 apart from protoconch

which is not discernible in adult shells; fine punctate

spiral grooves encircle the shell, grooves often obsolete,

especially on the body whorl, but distinct towards the

base of the shell, where grooves terminate as spiral cords

;

spiral grooves number from 10-17 on the body whorl

and from 3 - 5 on the penultimate whorl. Aperture longer

than the spire, narrow, centrally constricted, outer lip

thick, calloused from the interior, and crenate ; interior of

aperture brownish. Columella brown with 4-5 prominent

white oblique folds; anterior canal truncate, generally

stained purplish-brown.

L: 15 to 29mm W: 49 to 59% A: 62 to 73%
Animal: Sole of foot creamy-white; dorsum of foot uni-

formly chestnut-brown. Other details not observed.

Type locality: Ocean indien.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: Reeve's Mitra virgata is a composite species:

figure 197a on plate 25 (1844) represents M. retusa

Lamarck, and figure 197 b on the same plate depicts

M. paupercula (Linnaeus). Reeve's description men-
tions a narrow light transverse zone on the body whorl

of the shell, and it appears that it was a variant of M.
retusa Lamarck which was intended for his M. virgata.

Gmelin's Voluta virgata is a Mitra species and would
preoccupy Reeve's specific name if both are placed in

the same genus.

Lamarck did not omit to mention the white transverse

band on the body whorl in his original description; this

feature is not apparent in the two figures from Chemnitz
cited by Lamarck (1788, Vol. 10; pi. 150, figs. 1417,

1418). The latter figure, however, clearly shows a cre-

nulate outer lip, a feature which excludes Strigatella

paupercula (Linnaeus).
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64. Strigatella scutulata (Gmelin, 1791)

(Plate 17; Figure 58)

1791. Valuta scutulata Gmelin, Syst. Nat., ed. 13, p. 3452

1798. Mitra discolor Roding, Mus. Bolten., p. 137

1802. Voluta scutellata Bosc, Hist. Nat. Coq., 5: 48

1811. Mitra amphorella Lamarck, Ann. Mus. Hist. Nat., 17:

214

1852. Mitra scrtum Duval, Journ. Conchyl., 3: 160; pi. 7, fig.l

Shell: Shell moderate in size, elongate-ovate, heavy and

solid; chestnut-brown to blackish-brown in colour, orna-

mented with short or long wavy axial white streaks and

spots; occasional specimens have a yellowish transverse

band just anteriorly to the sutures. Sutures moderately

impressed, whorls convex, rounded at sutures, numbering

from 6-7 apart from protoconch of 2 light brown and

smooth whorls; slightly elevated and angulate spiral ridges

encircle the shell, ridges obsolete centrally on body whorl,

numbering from 2 - 7 on the body whorl and from 4 - 7

on the penultimate whorl ; interstitial grooves are generally

axially striate. The spiral ridges terminate towards the

base of the body whorl as narrow rounded spiral cords,

numbering from 5-10. Aperture longer than the spire,

wide in some specimens but narrow in others; outer lip

thick, smooth, occasionally obsoletely crenate basally,

straight or constricted centrally. Interior of aperture blu-

ish-white or greyish-brown; columella whitish, calloused,

with 4 - 5 very prominent oblique folds. Anterior canal

straight, calloused and spirally corded.

L: 22 to 43mm W: 42 to 49% A: 58 to 67%
Type locality: Oceano indico.

Habitat: Under coral rocks on sand and reef substrate, in

shallow water.

Moderately common.
Distribution: Throughout the Fiji Islands. - From the

Red Sea through the tropical Indo-Pacific to Polynesia.

Discussion: The species is very variable in colour-pattern

and shape. In some specimens the yellowish transverse

bands are absent, while in others they are well visible or

obscured under the pattern of axial streaks and spots. The
banded variant has been described by Lamarck as Mitra

amphorella; the more frequent axially streaked specimens

are connected through a series of intermediates with the

plain brown banded form. Both forms occur together in

most Fijian localities and are only intrapopulation variants

of a single species.

Cotton (1957) equates Strigatella litterata (La-

marck) with S. scutulata (Gmelin) ; both are, however,

clearly separable species.

65. Strigatella telescopium (Reeve, 1844)

(Plate 17; Figure 57)

1844. Mitra telescopium Reeve, Conch. Icon., pi. 20, sp. 80

Shell: Shell small, elongate-ovate to cylindrically-ovate,

moderately solid; whitish to pale cream in colour, orna-

mented with a very broad chestnut-brown transverse

band which covers almost two thirds of the body whorl;

the brown zone is bordered by a yellow spiral band, and

a single band of the same colour adjoins sutures on earlier

whorls. Sutures deeply impressed, penultimate whorl al-

most perpendicular, earlier whorls flattened and angulate

at sutures, numbering from 7-8 apart from protoconch

which was eroded in specimens examined; fine punctate

spiral grooves encircle the shell, grooves becoming more

prominent towards the base and number from 1 3 - 1 7 on

the body whorl and from 3 - 5 on the penultimate whorl.

Aperture longer than the spire, narrow and elongate,

outer lip contracted near point of commencement and

crimped basally; interior of aperture light brown or grey.

Anterior part of columella brownish, posterior part white

and calloused, with 5 prominent bluish-white oblique

folds. Anterior canal straight or slightly recurved.

L: 18 to 23mm W: 38 to 41% A: 59 to 63%
Type locality: Island of Ticao, Philippines.

Habitat: On coral bottom and sand substrate, in deeper

water.

Rare.

Distribution: South Viti Levu. - From the Philippine

Islands through the tropical Pacific to Polynesia.

Discussion: The interior callus of the outer lip is extremely

weak or absent in some specimens, and the assignment

of the species to the genus Strigatella is only tentative.

66. Strigatella turturina (Souverbie, 1875)

(Plate 18; Figure 62)

1875. Mitra turturina Souverbie, Journ. Conchyl., 23: 43, 297

1877. Mitra tuiturina Souverbie, Journ. Conchyl., 25: 73; pi.

1, fig. 2

Shell: Shell small, ovate, heavy and solid; orange-brown to

dark brown or reddish-brown in colour, ornamented with

a narrow whitish, occasionally knotted transverse band
anteriorly to the suture on the body whorl, and adjoining

sutures on earlier whorls; small squarish white spots are

arranged in wavy or straight longitudinal rows on the

lower part of the body whorl. Sutures weakly to moder-
ately impressed, whorls convex, rounded at sutures, num-
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bering from 5 - 6 apart from H - 2 cream-coloured nuclear

whorls; fine punctate spiral lines encircle shell, numbering

from 18-22 on the body whorl and from 4 - 5 on the

penultimate whorl; extremely fine axial striae are visible

on all whorls. Aperture much longer than the spire,

heavily calloused near point of commencement, very

narrow, outer lip thick, slightly contracted centrally, and

with a prominent triangular callus on the inner edge of

the outer lip; interior of aperture white or pink. Columella

white, calloused basally, with 4 prominent oblique folds;

anterior canal short and straight, spirally corded.

L: 14 to 18mm W: 56 to 59% A: 64 to 69%
Type locality: Lifou, Loyalty Islands.

Habitat: Under coral rocks on sand substrate, in shallow

and deeper water.

Rare.

Distribution: Southwest Viti Levu. - New Caledonia to

Polynesia.

Discussion: Mitra maculosa Reeve, 1844 is similar in

form, but the body whorl in this species is ornamented

with a broad whitish to orange transverse zone anteriorly

to the suture, while the lower half is dark brown in colour,

streaked and flecked with white. Mitra discors (Gmelin,

1791) has priority over M. maculosa Reeve, as the Chem-
nitz figure referred to by Reeve (1780; Vol. 4, pi. 150,

fig. 1400) has also been cited by Gmelin for Voluta

discors.

The species differs from Strigatella auriculoides Reeve
in being much broader and having a calloused apertural

shoulder, triangular interior callus on the outer lip, and

the whole length of the outer lip is simple and smooth,

not crenulate towards the base as in S. auriculoides.

Vexillinae

Vexillum Roding, 1798

Type species by subsequent designation (Woodring, 1928)

Vexillum plicatum Roding, 1798= Vexillum plicarium

(Linnaeus, 1758).

1798. Vexillum Roding, Mus. Bolten., p. 138

1810. Turns Montfort, Conch. Syst, 2: 538

1824. Vulpecula Blawville, Diet. Sci. Nat., 31: 106

1840. Costellaria Swainson, Treat. Malac, 127: 320

1840. Callithea Swainson, Treat. Malac, 127: 320 (non Bois-

DUVAL, 1835)

1849. Turricula Hermannsen, Ind. Gen. Malac, 2: 651 (non

Schumacher, 1817)

1929. Pulchritima Iredale, Mem. Qld. Mus., 9(3) : 286 (nom.

nov. pro Callithea Swainson, 1840)

1929. Armimitra Irkoai.e, Mem. Qld. Mus., 9(3) : 286

1929. Mitropijex Iredai.e, Austral. Zool., 5: 346

1963. Atrirnitra Shikama, Sel'jc. shells world, 1: 92-93

Characteristics: Shell elongate-ovate to fusiform, moder-

ately solid, spire elevated, sutures plain or tuberculate,

whorls sculptured with axial ribs or striae and generally

transverse grooves or ridges; aperture narrow and elon-

gate, occasionally angulate, outer lip thick and smooth,

constricted basally, interior of aperture lirate, columella

obliquely plicate, anterior canal narrow and produced,

generally calloused. Shell covered with a thin epidermis.

67. Vexillum acupictum Reeve, 1844)

(Plate 19; Figure 81)

1844. Mitra acupicta Reeve, Conch. Icon., pi. 11, sp. 76

Shell: Shell moderately small, elongate-ovate, light in

weight; white to cream in colour, ornamented with one

or two indistinct orange to dark brown transverse bands

on the body whorl, and irregular blotches, axial streaks,

dots and spiral dashes on all whorls; some specimens have

the whorls encircled by a narrow white spiral line. Sutures

moderately impressed, whorls convex, subangulate at

the sutures, numbering from 8-10 apart from protoconch

of 2 glassy-white nuclear whorls
;
prominent axial ribs cross

whorls, ribs angulate, numbering from 1 6 - 25 on the body

whorl and from 14 - 26 on the penultimate whorl. Inter-

stices of axial ribs with deep transverse grooves, grooves

bisecting axial ribs which assume a costate appearance;

interstitial grooves number from 14 - 25 on the body whorl

and from 4 - 8 on the penultimate whorl. Aperture about

equal in height to the spire, angulate and contracted

basally, outer lip moderately thickened, slightly undulate

and almost smooth; interior of aperture white to cream,

wtih 0-20 labral lirae. Columella white or cream, with
4-5 prominent oblique folds; base of shell contracted,

anterior canal calloused, spirally corded, straight or re-

curved.

L: 13 to 30mm W: 33 to 39% A: 45 to 52%
Type locality: Zanzibar.

Habitat: In clean sand substrate, in shallow and deeper
water.

Uncommon.
Distribution: Througout the Fiji Islands. - From the

Persian Gulf through the tropical Indo-Pacific to Poly-

nesia.

Discussion: The species is extremely variable in colour

pattern and albinotic specimens are collected on rare

occasions.
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68. Vexillum amanda (Reeve, 1845)

(Plate 18; Figure 73)

1845. Mitra amanda Reeve, Conch. Icon., pi. 38, sp. 318

Shell: Shell small, elongate-cylindrical, fairly solid; white

in colour, ornamented with two to three dark brown

narrow transverse bands on the body whorl, and a single

band on earlier whorls. Sutures deeply impressed, whorls

slightly convex, angulate at sutures, numbering from 8-9

apart from protoconch of 2| - 3 glassy-brown nuclear

whorls
;
prominently angulate, elevated and slightly curved

axial ribs cross whorls, numbering from 15 - 20 on the body

whorl and from 14- 19 on the penultimate whorl. Inter-

stices of axial ribs almost "V"-shaped, with flat elevated

spiral ridges extending either half-way towards the sum-

mits or overriding axial ribs, which become faintly granu-

lose; interstitial spiral ridges number from 14-20 on

the body whorl and from 5 - 8 on the penultimate whorl.

Axial ribs prominent and elevated at the sutures, and a

faint shallow presutural groove bisects ribs anteriorly to

sutures; axial ribs granulose basally. Aperture shorter than

the spire, convexly-elongate, contracted and reflexed

basally, outer lip thin and faintly crenulate; interior of

aperture white, banded with brown, labral lirae nodulose.

Columella whitish with 4 prominent and oblique folds,

which extend as strongly granulose ridges onto the body

whorl ; anterior canal straight and pointed, slightly longer

than the aperture.

L: 12 to 15mm W: 36 to 40% A: 41 to 45%
Type locality: Island of Burias and Negros, Philippines.

Habitat: In coarse sand and among weed, from to 3

fathoms.

Uncommon.
Distribution: Mamanuca group West off Viti Levu. -

From the Philippine Islands through the tropical Pacific

to Polynesia.

Discussion: Occasional specimens are tan in colour

throughout, with only one or two narrow white transverse

bands on the body whorl, and a single band on earlier

whorls.

69. Vexillum antonellii (Dohrn, 1860)

(Plate 22; Figures 113, 113a; Text figure 8)

1860. Mitra antonellii Dohrn, Proc. Zool. Soc. London, pt.

28: 367

Shell: Shell moderately small, elongate-fusiform and tur-

reted
;
green or dark greenish-grey in colour, ornamented

with a narrow or broad transverse band consisting of

white or yellowish-green spiral ridges situated just below

the sutures on the body whorl, and a broad or narrow

whitish central band on earlier whorls; some specimens

have additional white spiral threads toward the base of

the body whorl and early whorls are purplish-brown.

Sutures moderately impressed, last four whorls flattened,

earlier whorls convex, whorls subangulate at sutures, num-

bering from 9-11 apart from protoconch of 3 - 3| glassy,

dark purple nuclear whorls. Numerous rounded or slightly

angulate axial ribs cross whorls, ribs narrow, numbering

from 18 - 29 on the body whorl and from 15-23 on the

penultimate whorl; from the sutures to the presutural

ramp the axial ribs are oblique, but continue almost

straight towards the base. Prominent spiral ridges encircle

the shell, bisecting axial ribs which become slightly nodu-

lose at the summits, giving the shell a latticed appearance

;

spiral ridges are either narrow and rounded or broad and

flat, numbering from 15 - 22 on the body whorl and from

7 - 13 on the penultimate whorl. Aperture equal in height

or shorter than the spire, moderately narrow and angulate,

outer lip moderately thin, smooth or faintly crimped,

parallel to columella or contracted centrally and basally;

interior of aperture dark purple or purplish-brown with

a narrow whitish transverse band and 0-18 labral lirae.

Columella calloused, brown or purple-brown, with 4-5
pale violet or bluish-white oblique folds; anterior canal

purplish-brown, heavily calloused, spirally corded and

straight or recurved.

L: 18 to 30mm W: 30 to 35% A: 42 to 51%
Animal: Sole of foot light grey, heavily streaked with

dark grey; dorsum of foot white, variegated with dark

grey. Siphon long and white, streaked with dark grey and

Explanation of Plate 18

Fi<;ure 61: Stngatella auriculoides (Reeve). Fiji (x 2.5) Figure 62: Strigatella turturina (Souverbie). Fiji (x 2.6)

Figure 63: Strigatella oleacea (Reeve). Fiji (x 2.5) Figure 64: Strigatella retusa (Lamarck). Fiji (x 2.0) Figure 65: Strigatella

litterata (Lamarck). Fiji (x 2.0) Figure 66: Strigatella acuminata (Swainson). Fiji (x 2.0) Figure 67: Vexillum semisculptum

(Adams it Reeve) . Fiji (x 2.0) Figure 68: Vexillum radius (Reeve) . Fiji (x 3.0) Figure 69: Veillum cruentatum (Gmelin). Fiji

(x 2.25) Figure 70: Vexillum pacificum (Reeve). Fiji (x 2.3) Figure 71: Vexillum cadaverosum (Reeve). Fiji (x 2.0)

Figure 72: Vexillum costatum (Gmelin). Fiji (x 1.0) Figure 72a : Vexillum costatum (Gmelin), juvenile specimen. Fiji (x 2.0)

Figure 73: Vexillum amanda (Reeve). Fiji (x 2.85) Figure 74: Vexillum unijasciatum (Wood). Fiji (x 2.25)
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banded black at the extremity; tentacles white, flecked

with grey, base of tentacles white and streaked with grey;

eyes black.

Type locality: Philippine Islands.
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Figure 8

Diagram Showing Decrease in Shell Obesity with

Maturity in Vexillum antonellii (Dohrn, 1860)

a. ) black form: Similar in dimensions and sculpture to the

normal form of Vexillum antonellii with the following

exceptions: the whorls are generally subangulate at the

sutures but in a few specimens they are convexly rounded.

The shell is black or dark purple, ornamented with 1 or 2

whitish or light green narrow transverse bands on the body

whorl and a narrow single central band on earlier whorls.

In all other characters it is similar to the normal form.

L: 19 to 32mm W: 30 to 34% A: 43 to 49%
Animal: Sole of foot uniformly creamy-white, dorsum of

foot white and variegated with longitudinal blackish zones.

Siphon long and white, banded and flecked with black;

tentacles plain white, base translucent white and flecked

with dark grey; eyes black and ringed with white.

Habitat: In clean sand and among weed, also in slightly

muddy and black sand, and in sand-pockets of coral reefs,

in shallow water. Moderately frequent in North Viti

Levu but rare elsewhere.

Distribution: Throughout the Fiji Islands. - From the

Philippine Islands to Fiji.

Discussion: The two forms are sympatric at Viti Levu Bay

and at Caboni beach, but on the outer reef at Caboni,

Vatia wharf and the main Suva reef only the black form

has been so far collected.

Of the typical form of Vexillum antonellii, 17 adults

and 14 juveniles were examined, while 8 adults and 9

juveniles of the black form were available for study.

Juvenile shells ranged in size from 1 1 .5 mm to 20.0 mm,
and both forms, even in the smallest specimen, had a

completed colour pattern. The most surprising feature is

the absence of intermediate colour variants and the con-

stant differences in animal pattern of both forms.

Dohrn's type series (ex Mus. Cuming) from the Phil-

ippine Islands is preserved in the British Museum (Nat.

Hist.), as is a specimen from the Solomon Islands (coll.

Brazier) and several lots besides. The black form of the

species is not represented in either lot (Mr. S. P. Dance,

personal communication).

The statistical tables below show the arithmetic mean of

the more important characters of specimens of both forms

studied:

Table 1

Morphological characters typical form black form

(arithmetic mean) adults juven. adults juven.

Length in millimeters 24.2 15.8 24.7 15.5

Width in % of Length 33% 38% 32% 39%
Height of aperture in % of Length 47% 49% m% 49%
Number of axial ribs on body whorl 22 21 21 20

Number of axial ribs on penult whorl 20 20 19.5 20

Number of spiral ridges on body whorl 19 18 16 17

Number of specimens with 4 colum. folds 8 9 2 6

Number of specimens with 5 colum. folds 9 5 6 3
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Table 2

Colour of spiral ridges of transverse Number of

band on body whorl specimens

1 green and 5 white 1

2 green and 2 white 4

2 green and 3 white 15

2 green and 4 white 2

2 green and 5 white 1

3 green and 1 white 1

3 green and 2 white 1

3 green and 3 white 2

3 green and 4 white 2

2 orange and 3 white 1

2 white 1

As can be seen from the tables, the axial rib-count of

adult and juvenile specimens of Vexillum antonellii is

similar and the number of axial ribs remains stable

throughout development. The obesity of juveniles de-

creases with maturity and the height of the aperture in

relation to shell length is only slightly greater in juveniles

than in adults. Approximately two-thirds of all juvenile

specimens had 4 columellar folds, while the remaining

one third had 5 folds. The main transverse band on the

body whorl composed of 2 green and 3 white spiral ridges

appears to be the most prevalent colour arrangement of

the typical form in Fiji localities.

The frequent appearance of the black form of Vexillum

antonellii in Fiji and the apparent absence in other local-

ities where the species occurs requires further study; since

ecological, seasonal and sexual factors can be excluded, it

may prove to be a case of genetic polymorphism.

70. Vexillum cadaverosum (Reeve, 1844)

(Plate 18; Figure 71)

1844. Mitra cadaverosa Reeve, Conch. Icon., pi. 21, sp. 160

1923. Mitra (Costcllaria) cadaverosa var. mutica Dautzen-
berg & Bouge, Jouni. Conchyl., 67: 191

1923. Mitra (Costcllaria) cadaverosa var. rubrozonata Daut-
zenberg & Bouge, Joum. Conchyl., 67: 191

Shell: Shell small, elongate-ovate to ovate, light in weight;

white, creamy-white or light yellow in colour, ornamented
with a narrow brownish transverse band on whorls; trans-

verse band varies in colour intensity and is occasionally

interrupted. Sutures faintly impressed, last 2 to 3 whorls

distinctly concave, earlier whorls convex; whorls angulate

at sutures, numbering from 7 - 9 apart from protoconch
of H - 2 nuclear w horls. Elevated and angulate axial ribs

cross whorls, ribs concave centrally, numbering from 8-14
on body whorl and from 8 - 13 on the penultimate whorl;

axial ribs prominently spinose at the presutural ramp

and another row of distinct nodules appears near the peri-

phery of the body whorl. Interstices of axial ribs broad

and concave, with moderately shallow spiral grooves

which override the axial ribs; grooves number from 1 1 - 22

on the body whorl and from 5 - 9 on the penultimate

whorl, and the base of the shell has 3 - 6 nodulose spiral

cords. Aperture equal in height or slightly shorter than

the spire, moderately broad, outer lip contracted centrally

and basally, moderately thick and smooth or obsolctely

crimped ; interior of aperture white with 5-15 nodulose

labral lirae. Columella white, calloused, with 4 white ob-

lique folds; anterior canal calloused and recurved towards

the aperture.

L: 13 to 22mm W: 44 to 51% A: 43 to 53%
Animal: Sole of foot pale yellow, heavily mottled with

white ; dorsum of foot uniformly pale yellow. Siphon trans-

lucent cream, flecked with white; tentacles white. Eyes

black, ringed with a narrow zone of yellow and a broader

zone of grey.

Type locality: Philippines and Lord Hood Islands.

Habitat: In clean and weedy sand-patches, in shallow

water.

Common.
Distribution: Throughout the Fiji Islands* - From the

Red Sea through the tropical Indo-Pacific to Polynesia

and Hawaii.

Discussion: Some specimens lack the narrow transverse

band, while in others it is reddish-brown in colour.

The species has fewer and more prominent axial ribs

than Vexillum pacificum (Reeve) and the animals of the

two somewhat similar species differ appreciably in pattern.

71. Vexillum caffrum (Linnaeus, 1758)

(Plate 20; Figure 91)

1758. Voluta caffra Linnaeus, Syst. Nat., ed. 10, p. 732, no.

363

1822. Mitra bifasciata Swainson, Zool. Illust., ser. 1, pi. 35

1832. Mitra zonalis Quoy & Gaimard, Voy. Astrol., 2: 654: pi.

45bis, figs. 16, 17

Shell: Shell moderately large, fusiform and solid; very

variable in colouring, but generally dark chocolate-brown

or dark greenish-grey, ornamented with 2 or 3 whitish or

yellow narrow transverse bands on body whorl, and a

single band on earlier whorls. Sutures moderately im-

pressed, whorls convex and rounded at the sutures, num-
bering from 9-10 apart from protoconch which is usually

eroded
;
early whorls axially closely ribbed, ribs numbering

from 20 - 24 on the antepenultimate whorl, but usually

obsolet - on the penultimate and body whorl. Fine trans-

verse striae numbering from 3 - 5 ov erride the axial ribs

on the early whorls; striae usually visible near the sutures,
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becoming obsolete centrally and terminating as sturdy

oblique ridges near the base. Aperture longer than the

spire, narrow and elongate, outer lip thick and smooth,

contracted anteriorly; the inner edge and basal end of the

outer lip are stained dark brown or purplish-brown, inte-

rior of aperture bluish-white with 6-10 labral lirae.

Columella calloused, shell pattern visible under the en-

amel, and with 4 prominent oblique folds, the first of

which is placed transversely to the aperture ; anterior canal

heavily calloused, straight or slightly recurved, and slight-

ly longer than the outer lip.

L: 35 to 51mm W: 32 to 37% A: 56 to 59%
Type locality: None.

Habitat: In slightly muddy sand, in shallow water.

Rare.

Distribution: North and West Viti Levu. - From Indo-

nesia through the tropical Pacific to Polynesia.

Discussion: The species is very similar to certain smooth

forms of Vexillum vulpeculum (Linnaeus). The dark

violet-brown stains at the base and parietal wall are often

present in V. caffrum; the characters separating V. caffrum

from the smooth forms of V. vulpeculum appear to be the

absence of axial ribs on the penultimate and sometimes

antepenultimate whorl, and the greater number of axial

ribs where they begin to occur; the latter feature appears

to be a doubtful diagnostic character, as the number of

axial ribs in V. vulpeculum were found to vary as much as

10 ribs in individuals.

For a discussion on the variability of Vexillum caffrum

(Linnaeus) see Dodge, 1955; p. 112.

72. Vexillum coronatum (Helbling, 1779)

(Plate 22; Figure 115)

1779. Voluta coronata Helbling, Abh. Privatg. Bohmen, 4:

121; pi. 2, figs. 28, 29 (non Schumacher, 1817; non
Mitra coronata Lamarck, 1811)

1853. Mitra nodilirata A. Adams, Proc. Zool. Soc. London, pt.

19: 136 (not figured)

1874. Mitra nodilirata, Sowerby, Thes. Conch., 4: 26; pi. 19,

fig. 385

1882. Turricula (Costellaria) mucronata Tryon (pars), Man.
Conch., 4: 174; pi. 52, fig. 480 (non Voluta mucronata

Gmelin, 1791; non Tiara mucronata Broderip, 1836)

1895. Mitra (Costellaria) nodilyrata Melvill & Standen,

Shells Lifu, 1: 102

Shell: Shell small, moderately slender and elongate, tur-

reted, fairly solid, spire pointed; whitish, cream or fawn
in colour, rarely yellow, ornamented with a broad yellow,

orange or dark brown transverse band on the base of the

body whorl ; the penultimate and body whorls have occa-

sionally a spiral row of reddish-brown spots and irregular

small brown streaks and lines; some individuals have fine

brown interrupted spiral lines on all whorls. Sutures

moderately impressed, whorls concave, especially the last

four, angulate at sutures, numbering from 8-10 apart

from protoconch of 2 - 3 glassy, golden-fawn nuclear

w horls; prominent, elevated curved and angulate axial ribs

cross whorls, ribs numbering from 10-16 on the body

whorl and from 12-22 on the penultimate whorl; axial

ribs slightly thickened centrally and distinctly nodulose or

spinose on the presutural ramp. Interstices of axial ribs

with fine and shallow spiral grooves which extend almost

to the summits of the ribs, numbering from 16 - 26 on the

body whorl and from 3-10 on the penultimate whorl;

spiral grooves bisect axial ribs towards the base, becoming

faintly nodulose. Aperture about equal in height to the

spire, slightly angulate and constricted basally, outer lip

moderately thick and smooth ; interior of aperture light to

dark fawn, with 0-16 labral lirae. Columella white, cal-

loused basally, with 4 - 5 prominent white oblique folds,

first fold thickened; anterior canal slightly produced, cal-

loused, straight or slightly recurved.

L: 15 to 26mm W: 33 to 42% A: 47 to 56%
Animal: Sole of foot creamy-white, spotted with small

snow-white dots at the edges; dorsum of foot translucent

white, flecked with snow-white, anteriorly stained with

dark grey. Siphon dark grey, ornamented with cylindri-

cally-shaped white spots and fine purplish transverse lines;

extremity of siphon dark purplish-grey. Tentacles creamy-

white, base whitish; eyes black, ringed with white, sur-

rounding area grey.

Type locality: None.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Moderately common in North Viti Levu, uncommon
elsewhere.

Distribution: Throughout the Fiji Islands. - Guam, New
Caledonia, Loyalty Islands.

Discussion: Dautzenberg & Bouge (1923) were the first

authors to draw attention to Helbling's obscure work

(1779), in which Voluta coronata was established; the

authors replaced Tiara mucronata Broderip, 1836 with

Voluta coronata Helbling, which they presumed to be

the earliest name applicable to the species in question. In

view of Helbling's original description and type figures,

and a comparison of a long series of shells of the species

from Fiji, Dautzenberg & Bouge's interpretation is not

acceptable. Helbling's work appears to be rather rare and

is lacking in most scientific libraries; the original descrip-

tion is therefore cited in full

:

Die gekroente Faltenspindel

(
Voluta coronata)

"Die Schale ist spindelfoermig gewunden, einen

Schuh hoch, bestehet aus sieben an einander gewach-
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senen Windungen, die an ihren Fugen mit einem

plattgedruckten Rande versehen, unter demselben

aber mit laenglichen, erhabenen, und oben zugespitz-

ten Ecken der Quere nach gekroent sind. Die oberen

Gewinde verduennen sich in einen gethuermten Zopf,

das unterste bildet einen verengerten, der Quere nach

gestreiften Schnabel, der mit dem Schnirkelkopf eine

gleiche Laenge hat. Die Muendung hat eine Laenge

von fuenf Linien; ihre groesste Breite betraegt zwo
Linien ; das unterste Ende ist ausgeschlitzet. Die Spin-

dellefze hat drey etwas schiefe Querfalten. Die Scha-

lenlefze ist ganz und scharfrandig. Die Farbe der

aeusseren Oberflaeche ist rotgelb.

Unterscheidungszeichen

Eine spindelfoermige, rothgelbe Schale mit scharf-

eckigen, gekroenten Windungen, und einer dreyfach

gefaltenen Spindellefze.

Diese Seltenheit gehoeret zu den eckigen Falten-

thuermchen in der Verwandschaft, mit der knotigen

Bandnadel (Muell. Linn. Naturs. VI. TH. I. B. 430
S), oder der Voluta plicatia (Linn. S. N. Tom. I. P.

II. p. 1193 Sp. 423).

Aus der Pittonischen Sammlung."
Throughout Helbling's work the measures "Wiener

Zoll," "Wiener Fuss" and "Wiener Linie" are being used,
but for this particular species the term "Schuh" has been
substituted. I am not familiar with the term "Wiener
Schuh" as a measure, and Dr. O. Paget {in litt.) suggested

that it may have been a lapsus calami for "Zoll" or "Fuss."

Should this indeed be the case, then Helbling's specimen

measured 26.34 mm, as the "Wiener Zoll" consisted of

twelve "Linien," at 2.195 mm per "Linie." The width of

the shell and the height of aperture in relation to total

shell-length, computed from measurements taken from

the type figures, show the width-index to be from 37 to

38%, and the aperture-index from 48 to 49%.

Helbling's type figures and description depict and

describe a shell which is slender and elegantly ribbed, with

seven fused coils, flattened margins at the sutures, one

single row of spinose nodules on the presutural ramp, a

striated beak and an aperture equal in height to the spire.

These features are incompatible with Vcxillum mucrona-

tum (Broderip, 1836) as originally described (1836; p.

195) and later illustrated by Reeve (1844; pi. 17, fig.

125). The latter species generally has three rows of

prominent spinose nodules on the body whorl and never

less than two nor more than four; the earlier whorls have

two rows of spinose nodules, whereas V. coronatum has

only one row of somewhat blunter nodules on earlier

whorls. The whorls are more numerous in V. mucronatum,

the aperture is distinctly shorter than the spire, the shell

is broader and axial ribs are less elegantly curved ; the base

of the body whorl contains prominent nodules within the

orange-brown transverse zone at the base of the body

whorl. Morphological differences separating the two spe-

cies have been summarized in Table 3.

Table 3

Morphological Characters

(arithmetic mean) Vexillum coronatum

Vexillum mucronatum

= Vexillum echinatum)

Length in millimeters

:

Width in % of Length:

Height of Aperture in % of Length:

Number of Whorls:

Nuclear Whorls

:

Number of Axial Ribs on Body Whorl

:

Number of Axial Ribs on Penult Whorl

:

Rows of Nodules on Body Whorl

:

Rows of Nodules on Penult Whorl

:

Spiral Grooves on Body Whorl:

Rows of Round Nodules at Base

:

Habitat:

Frequency

:

20.0

37%
52%
9

2-3
13

curved

17

1

nodulose, at sutures

1

21

shallow

None
nodulose spiral cords

shallow water

moderately uncommon

22.6

43%
43%
10

li-2
14

fairly straight

13

2-4
spinose

2

9

shallow to deep

4-7

deeper water

uncommon
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Vexillum coronatum (Helbling) is variable in colour,

and one specimen found was yellow throughout, lacking

the brown transverse band and spots. Comparison of 27

specimens of V. mucronatum and over 50 specimens of V.

coronatum from various Fijian localities show the differ-

ences to be constant in character and confirm the valid

separation of the two species.

Dr. O. Paget (in litt.) was unable to locate Helbling's

holotype from the Pittoni collection in the Vienna Natural

History Museum.

For further discussion on Vexillum mucronatum (Bro-

derip) see under V. echinatum (A. Adams).

73. Vexillum costatum (Gmelin, 1791)

(Plate 18; Figures 72, 72a)

1791. Voluta costata Gmelin, Syst. Nat., ed. 13, p. 3458

1811. Mitra subulata Lamarck, Ann. Mus. Hist. Nat., 17: 211

1836. Tiara terebralis Broderip, Proc. Zool. Soc. London, pt.

3: 196 (non Mitra terebralis Lamarck, 1811)

Shell: Shell small to moderate in size, very narrow and

fusiformly-elongate, resembling a Terebra in form; light

orange to orange-brown in colour, ornamented with two

or three whitish transverse bands on the body whorl and a

single band on earlier whorls; additional white blotches

and streaks are irregularly distributed over the whorls, and

in some specimens the white base colour is the dominant

one. Sutures deeply impressed, whorls flattened or slightly

convex, rounded to subangulate at the sutures, numbering

from 10-12 apart from protoconch of 3 glassy, pearly-

white nuclear whorls; close-set, broad and slightly rounded

axial ribs cross whorls, ribs numbering from 20 - 38 on the

body whorl and from 16-35 on the penultimate whorl.

Moderately deep transverse grooves encircle the shell,

numbering from 13 - 18 on the body whorl and from 5-8
on the penultimate whorl; spiral grooves bisect axial

ribs, giving the shell an overall costate appearance. The

interstices of the axial ribs appear only as deep longitu-

dinal grooves and are deeply pitted at point of intersection

with the spiral grooves; a deeper transverse presutural

groove is situated anteriorly to the sutures. Aperture much
shorter than the spire, convexly elongate, constricted

basally; outer lip moderately thickened and obsoletely

crenulate in a crimped manner. Interior of aperture pale

orange or flesh in colour, with 6-13 labral lirae; columella

cream in colour, calloused basally, with 4-5 oblique folds.

Anterior canal calloused, slightly recurved towards the

dorsum, base of shell spirally corded.

L: 21 to 43mm W: 20 to 28% A: 35 to 43%
Animal: Sole of foot light creamy-yellow, sparsely flecked

with bright yellow and streaked with black at the edges

and with light mauve posteriorly; dorsum of foot pale

cream, sparsely flecked with black towards the edges.

Siphon cream, transversely lined with greyish-brown; ten-

tacles translucent white, base of tentacles cream, flecked

with grey; eyes black.

Type locality: None. The Island of Viti Levu, Fiji

Islands, is hereby designated as type locality.

Habitat: In clean sand substrate, in sand patches and sand

pockets of coral reefs, from - 2 fathoms.

Moderately rare.

Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Poly-

nesia.

Discussion: The species is better known in literature under

the name Mitra subulata Lamarck, 1811. Lamarck's

description of the species is far better and more detailed

than that of Gmelin; however, his only reference to

illustrations for M. subulata (Schroter, 1783; p. 302,

pi. 1, fig. 17) is identical with the single reference by

Gmelin for Voluta costata.

No type-locality has been quoted by either Gmelin or

Lamarck. The species is known to occur in the Philippine

Islands (coll. P Clover and coll. A. Deynzer) and has been

reported from the Island of Anaa by Broderip (1836).

The Fiji Islands are the approximate center of the species'

distributional range and have been designated herein as

the type-locality.

74. Vexillum crcbriliratum (Reeve, 1844)

(Plate 20; Figures 97, 97a)

1839. Mitra rosea Kiener, Spec. Gen. Icon. Coq. Viv., p. 83 :

pi. 23, fig. 73 (non Tiara rosea Broderip, 1836)

1844. Mitra crebrilirata Reeve, Conch. Icon., pi. 13, sp. 92

1844. Mitra impressa Reeve, Conch. Icon., pi. 17, fig. 130

(non Anton, 1839)

1845. Mitra rubricata Reeve, Conch. Icon., Errata (nom. now

pro M. imprcssa Reeve, 1844)

1874. Mitra crebrilinata Sowerby, Thes. Conch., 4: 31

Shell: Shell moderately small, fusiformly-elongate, spire

pointed ; dark olive-brown in colour, rarely lead-grey, or-

namented with a narrow, whitish or pale orange transverse

band on all whorls; the spiral band situated a short

distance anteriorly to the suture on the body whorl, but

placed centrally on earlier whorls. Sutures deeply im-

pressed, almost channeled in some specimens, whorls con-

vex and rounded at the sutures, numbering from 9-10
apart from protoconch; numerous axial ribs cross whorls,

ribs rounded or angulate, straight or curved, slightly or

distinctly elevated and close-set, numbering from 17-33

on the body whorl and from 15-26 on the penultimate

whorl. Interstices of axial ribs with broad or narrow short

deep grooves, numbering from 14-23 on the body whorl

and from 5 - 9 on the penultimate whorl. Aperture equal
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in height or shorter than the spire, moderately narrow,

outer lip thickened and smooth, occasionally stained with

orange, slightly contracted near point of commencement

and basally; interior of aperture violet, with 8-12 labral

lirae. Columella calloused, brownish or violet but whitish

basally, u ith 4 - 5 prominent bluish-white oblique folds,

first two of which are centrally channeled; base of shell

with prominent nodulose spiral cords, anterior canal dis-

tinctly calloused and straight.

L: 16 to 30mm W: 29 to 347c A: 39 to 48%
Type locality: Ceylon.

Habitat: In clean sand substrate, in deeper water.

Rare.

Distribution: West and South Viti Levu. - From Mau-
ritius through the tropical Indo-Pacific to Polynesia.

Discussion: The species is variable in colouring and sculp-

ture of axial ribs. One specimen examined had pale

orange and ivory-white axial ribs, and in two specimens

the axial ribs were faintly calloused at the sutures. The
axial ribs were found to be more prominent on smaller

specimens than on larger ones.

75. Vexillum cruentatum (Gmelin., 1791)

(Plate 18; Figure 69)

1791. Voluta cruentata Gmelin, Syst. Nat., ed. 13, p. 3453
1811. Mitra harpijera Lamarck, Ann. Mus. Hist. Nat., 17: 217
1839. Mitra harpacformis Kiener. Spec. Gen. Icon. Coq. Viv.

p. 85; pi. 25, fig. 78

1845. Mitra discoloria Reeve, Conch. Icon., pi. 29, sp. 230
1874. Mitra discolorea Sowerby, Thes. Conch., 4: 26; pi. 23,

fig. 516

Shell: Shell small, elongate-ovate to ovate, fairly solid;

brown to blackish-brown in colour, ornamented with one
or two white or yellowish transverse bands on the body
whorl and a single band on earlier whorls; axial ribs

fully or partly coloured with reddish-orange, but in some
individuals the orange colour of the ribs is extremely faint.

Sutures moderately impressed, whorls either slightly con-
cave, flattened or convex, rounded or subangulate at

sutures, numbering from 7 - 9 whorls apart from proto-

conch which is always eroded in adult shells. Elevated

and angulate axial ribs cross whorls, ribs close-set or

wide-spaced, straight or slightly curved, numbering from 9

to 17 on the body whorl and from 9-15 on the penulti-

mate whorl; deep or moderately shallow spiral grooves

encircle the shell, bisecting axial ribs, numbering from 9

to 13 on the body whorl and from 3 - 6 on the penultimate

whorl
;
grooves terminate as nodulose spiral cords basally.

These spiral grooves, if prominent and deep, give the axial

ribs a nodulose appearance. Aperture equal in height or

shorter than the spire, narrow, outer lip moderately

thickened, smooth or obsoletely crimped, contracted ba-

sally; interior of aperture dark purple or purplish-brown,

with one or two light bands and 6-15 labral lirae. Colum-

ella dark purple or purplish-brown, calloused basally, with

4 distinct whitish or violet folds; anterior canal calloused

and straight.

L: 11 to 18mm W: 36 to 46% A: 41 to 51%
Animal: Sole of foot pale fawn, variegated with blackish-

brown; dorsum of foot pale cream, thickly spotted with

blackish-brown. Siphon translucent light grey, flecked with

dark brown ; tentacles long and slender, translucent cream,

base of the same colour. Eyes black, ringed with brown.
Type locality: Oceano indico.

Habitat: In clean and slightly muddy sand and in sand

pockets of coral reefs, from - 4 fathoms. Uncommon
as live-collected specimens, beach specimens frequent.

Distribution: Throughout the Fiji Islands, - From the

Gulf of Oman through the tropical Indo-Pacific to Samoa.
Discussion: The species is extremely variable in colour and
sculpture

; however the animal pattern of the various vari-

ants examined was surprisingly constant. The slender

forms of Vexillum cruentatum can be unhesitatinglv

placed in the genus Vexillum, while the short ovate speci-

mens resemble Mitra discoloria Reeve and show a greater

affinity to the genus Pusia.

Mitra harpijera Lamarck, 1811 is an objective synonym
of Vexillum cruentatum (Gmelin). since both descriptions

were based on the same figures in Chemnitz (1788, Vol.

10; pi. 151, figs. 1438, 1439).

Explanation of Plate 19

Figure 75: Vexillum formosense (Sowerby) . Fiji (x 1.2) Figure 76: Vexillum miehaudi (Crosse & Fischer). Fiji (x 2 5)
Figure 77: Vexillum exasperatum (Gmelin ), fine-ribbed form. Fiji fx 2.0) Fig ,re 77a: Vexillum cxasperatum (Gmelin), coarse-

nbbed form. Fiji fx 2.0) Figure 77b: Vexillum exasperatum (Gmelin). melanistic form. Fiji (x 2.0) Figure 78: Vexillum filistria-
tum

_

(Sowerby). Fiji fx 2.6) Figure 79: Vexillum rufofilosum (E. A. Smith) . Fiji (x 1 .75) Figure 80: Vexillum obeliscus (Reeve)
Fin fx 2.0) Figure 81: Vexillum acupictum (Reeve). Fiji (x 1.6) Figure 82: Vexillum Iongispirum (Sowerby) . Fiji (x 3 0)

F.gure83: Vexillum festum (Reeve) . Fiji (x 2.85) Figure 84: Vexillum verrucosum (Reeve). Fiji (x 1.8) Figure85: Vexillum san-
gutsugum (Linnaeus). Fiji (x 1.2) Figure 86: Vexillum granosum (Gmelin). Fiji

(
x 1.2) Figure 87: Vexillum subquadratum

'Sowerby.. F,j. (x 2.3) Flgure88: Vexillum zebuense (Reeve), fine-ribbed form. Fiji (x 1.85) Figure 88a: Vexillum zebuense
(Reeve), coarse-ribbed form. Fiji (x 2.0)
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76. Vexillum deshayesi (Reeve, 1844)

(Plate 22; Figures 114, 114a)

1844. Mitra deshaysii Reeve, Conch. Icon., pi. 22, sp. 170

1874. Mitra deshayesii Reeve. Sowerby, Thes. Conch., 4: 35;

pi. 10, fig. 155, and pi. 27, fig. 618 (valid emend.)

1923. Mitra (Costcllaria) deshayesi var. dunkeri Dautzen-

berg & Bouge, Journ. Conchyl., 67: 201

1923. Mitra (Costcllaria) deshayesi var. nigricans Dautzen-

berg & Bouge, Journ. Conchyl., 67: 201 (non Pease,

1865)

Shell: Shell small, fusiform and turreted. fairly solid;

very variable in colour, but generally whitish, bluish-white

or light purple in colour, ornamented with two or three

transverse rows of orange, reddish or reddish-brown longi-

tudinal spots upon the axial ribs of the body whorl, and

one single row of spots on earlier whorls ; occasional speci-

mens are light purple, the axial ribs are dark orange and

interrupted by two transverse rows of white longitudinal

spots. Sutures moderately impressed, whorls flattened or

slightly concave, angulate or subangulate at the sutures,

numbering from 3-10 apart from protoconch of 2^-3
glassy, creamy-white nuclear whorls; elevated, prominent,

broad and rounded axial ribs cross whorls, ribs slightly

nodulose and pale orange on the presutural ramp, number-

ing from 10-20 on the body whorl and from 10 - 16 on

the penultimate whorl. Interstices of axial ribs with

moderately deep or shallow spiral grooves, grooves almost

extending to the summits of the axial ribs and in some
specimens faintly overriding axial ribs; spiral grooves

number from 7-23 on the body whorl and from 0-9
on the penultimate whorl, and terminate as nodulose

spiral cords towards the base. Aperture shorter than the

spire, slightly angulate or convexly elongate and con-

stricted basally, outer lip moderately thickened and
smooth; interior of aperture dark purplish-brown with a

white transverse band and a white edge on the outer lip

and with 4- 18 labral lirae. Columella bluish-white or

light purplish-brown, calloused basally and with 3 - 5

prominent oblique white folds; anterior canal calloused

and straight.

L: 11 to 24mm W: 30 to 38% A: 40 to 48%
Animal: Sole of foot uniformly white or cream in colour,

dorsum of foot creamy-white, sparsely flecked with dark

grey. Siphon translucent creamy-white, spotted with snow-

white and dark grey, banded at extremity with dark grey;

tentacles translucent cream, minutely spotted with white.

Eyes black.

Type locality: None.

Habitat: In clean and muddy sand and among weed, in

shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From Mau-
ritius through the tropical Indo-Pacific to Tonga.

Discussion: A very variable species in size, colour and

sculpture. Over 120 specimens from various Fijian locali-

ties were examined and the live animals of all variants

studied. Although some specimens differed in form, colour

and number of axial ribs, the animal pattern showed no

appreciable difference. A certain number of specimens

were purely individual variants, while a greater proportion

of these variants were ecophenotypes. Specimens collected

in muddy-sand localities of shore reefs were generally

smaller, more slender, darker in colouring and with more

numerous axial ribs; specimens collected in clean sand

substrate on outer reefs were appreciably larger, broader,

lighter in colour and with fewer and broader axial ribs.

The spiral grooves arc another variable feature, pro-

nounced in some specimens and almost obsolete in others.

Dautzenberg & Bouge (1923) placed Vexillum recti-

lateralis (Sowerby, 1874), V. intertaeniatum (Sowerby,

1874) and V. michaui (Crosse & Fischer, 1864) in the

synonymy of V. deshayesi. The last two species mentioned

are specifically distinct and in the authors' later paper

(1933) V. intertaeniatum has been treated as a separate

species.

77. Vexillum echinatum (A. Adams, 1853)

(Plate 22; Figure 117)

1836. Tiara mucronata Broderip, Pioc. Zool. Soc. London, pt.

3: 195 (not figured; non Voluta mucronata Gmelin,

1791

1844. Mitra mucronata, Reeve, Conch. Icon., pi. 17, sp. 125

1853. Mitra echinata A. Adams, Proc. Zool. Soc. London, pt.

19: 138

1874. Mitra mucronata, Sowerby, Thes. Conch., 4: 36: pi. 19,

figs. 378, 379, 380

Shell: Shell small, fusiformly-elongate. turreted, spire

pointed; whitish or cream in colour, ornamented with a

moderately broad, orange-brown or reddish-brown trans-

verse band at the base of the body whorl and occasionally

with one or two interrupted orange-brown spiral lines and

dots; earlier whorls with irregular small spots or narrow

axial streaks. Sutures moderately impressed, whorls con-

cave, angulate at sutures, numbering from 9-11 apart

from protoconch of li - 2 white nuclear whorls; narrow

and prominent axial ribs cross whorls, ribs almost straight,

numbering; from 1 1 - 16 on the body whorl and from 10 to

1 6 on the penultimate whorl. Axial ribs with 2-4 rows of

prominent spinose nodules which diminish in size towards

the base; earlier whorls with only 2 rows of nodules. Inter-

stitial spaces broad, spirally grooved, grooves shallow to

deep and almost extending to the summits of axial ribs;

grooves number from 6 - 12 on the body whorl and from

3 - 8 on the penultimate whorl. The reddish-brown trans-

verse basal band contains from 4-7 spiral rows of promi-
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nent nodules. Aperture shorter than the spire, angulate

and consticted basally, outer lip moderately thickened and

smooth; interior of aperture cream or pale orange in

colour with 6-14 labral lirae. Columella calloused, cream

in colour, with 4-5 prominent oblique folds; the first

fold extends onto the body whorl as a spiral row of nodules.

Anterior canal straight, spirally corded, slightly longer

than the outer lip.

L: 16 to 28mm W: 38 to 46% A: 41 to 48%
Type locality: Insulam Taheiten (Tahiti, Broderip, 1836)

.

Habitat: In clean sand and among weed, in deeper water.

Moderately rare in the North of Viti Levu, uncommon

in the West and South of Viti Levu.

Distribution: Throughout the Fiji Islands.- From the

Red Sea through the tropical Indo-Pacific to Polynesia.

Discussion: The species is fairly constant in characters,

exhibiting very little variation; it is rarer in Fiji than

Vexillum coronatum (Helbling), and specimens are

rarely collected in shallow water. Although extreme indi-

viduals may have two or four rows of spinose nodules on

the body w horl, the majority of specimens examined had

only three rows; the spinose coronations are quite promi-

nent and generally longer than in V. coronatum. A table

(Table 3) of morphological characters separating V. echin-

atum from V. coronatum may be found under the descrip-

tion of the latter species.

The species is better known as Vexillum mucronatum

(Broderip, 1836) ;
however, Broderip's species name

is a secondary homonym of Voluta mucronata Gmelin,

1791 (p. 3456). Gmelin's description is inadequate to

identify the species and the figure cited (Gualtieri, 1742;

pi. 52, fig. M) depicts a Vexillum species of unknown
identity, with prominent axial ribs, spiral striae, a narrow

dark transverse line anteriorly to the suture on the body

whorl and a somewhat produced anterior canal. Gmelin's

species, whatever its true identity may be, is on no account

conspecific with V. mucronatum (Broderip).

Mitra cchinata A. Adams appears to be synonymous
with Vexillum mucronatum. (Broderip). The species has

not been illustrated by Adams nor by Sowerby (1874),

who placed it in the synonymy of V. mucronatum. Adams'
description is fairly adequate, and the phrase "costis

prominentibus, prope suturas echinato-nodulosis, et inferne

subnodosis" agree with V. mucronatum, but not with V.

coronatum. Vexillum echinatum (A. Adams) is generally

regarded as a junior synonym of V. mucronatum (Brod-
erip) and it has been tentatively accepted as a replace-

ment name for V. mucronatum.
Mitra concentrica Reeve, 1844 fpl. 17, sp. 128) has

been placed in the synonymy of Vexillum mucronatum by
Sowerby, 1874. Reeve's type figure, however, does not
suggest the species is conspecific with V. mucronatum.
Adams H853) did not cite a type locality for Vexillum

echinatum and Broderip's (1836) first indication of

"Tahiti" has been accepted as the type locality.

78. Vexillum exaspcratum (Gmelin, 1791)

(Plate 19; Figures 77, 77a, 77b; Text figure 9)

1791. Voluta exasperata Gmelin, Syst. Nat., ed. 13, p. 3453

1811. Mitra torulosa Lamarck, Ann. Mus Hist. Nat., 17: 216

1895. Mitra (Costellaria) exasperata var. hadfieldi Melvill &

Standen, Shells Lifu, p. 102; pi. 2, fig. 14 (melanistic

form)

1923. Mitra (Costellaria) exasperata var. exusta Dautzen-

bero & Bouce, Joum. Conchyl., 67: 207

1923. Mitra (Costellaria) exasperata var. Candida Dautzen-

berg & Rouge, Journ. Conchyl., 67: 207

1923. Mitra (Costellaria) pacifica var. contempta Dautzen-

berg & Bouge, Journ. Conchyl., 67: 207 (nom. nov.

pro M. exasperata Reeve, 1844)

1929. Arcnimitra micltaelis Iredale, Mem. Qld. Mus. 9(3) :

286 (nom. nov. pro Mitra exasperata Reeve, 1844)

1957. Arenimitra tortulosa Cotton. Roy. Soc. South Austral.

Mai. Sec. 12:6

Shell: Shell small, elongate-ovate, turreted, fairly light

in weight; white to creamy-white in colour, ornamented

with one or two broad faint brown transverse bands on the

body whorl and one single band on earlier whorls; these

bands are generally faint in the interstices of the axial

ribs, but dark reddish-brown on the summits; occasional

specimens creamy-white throughout. Sutures deeply im-

pressed, penultimate and body whorls generally concave,

earlier whorls convex, whorls angulate at sutures, number-

ing from 8-9 apart from protoconch of 3 glassy, mauve
coloured nuclear whorls. Elevated, angulate and concave

axial ribs cross whorls, ribs distinctly produced at the

sutures on the body whorl and penultimate whorl, num-
bering from 10- 15 on the body whorl and penultimate

whorl ; numerous close-set and fine spiral threads encircle

the shell, overriding axial ribs which are distinctly nodu-

lose at the summits; spiral lirae number from 24-31 on

the body whorl and from 8 - 14 on the penultimate whorl.

Fine and numerous axial striae bisect the spiral lirae,

which are generally finely nodulose; body whorl centrally

distinctly concave and contracted basally. Aperture equal

in height or shorter than the spire, wide and angulate,

squarish, contracted basally, outer lip moderately thickened

and obsoletely finely crenulate; interior of aperture porce-

lain-white with 10- 17 granulose labral lirae. Columella

calloused, white in colour, convex, with 4 very prominent

white oblique folds; anterior canal heavily calloused, spi-

rally corded, straight or slightly recurved towards the

aperture.

L: 13 to 26mm W: 41 to 46% A: 43 to 49%
Animal: Sole of foot translucent cream, sparsely flecked

with white and bordered with purplish-grey at the edges;

dorsum of foot cream, mottled with dark grey. Siphon
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translucent white, flecked with snow-white and dark grey;

tentacles short, white, eyes black, ringed with dark grey.

Type locality: Oceano indico.

a.) close-ribbed form: This variant is extremely frequent

and differs from the typical form as follows : it is generally

more slender, the last two whorls are flattened instead of

concave and the whorls number from 8-10 apart from

the protoconch which is the same as in the typical form;

whorls are subangulate at the sutures and in some speci-

mens even rounded. The axial ribs are less elevated,

a b

Figure 9

Vexillum exasperatum (Gmelin, 1791)

a: Coarse-ribbed Form b: Fine-ribbed Form

numerous and close-set, numbering from 19-29 on the

body whorl and from 20-31 on the penultimate whorl.

The spiral grooves number from 22 - 34 on the body whorl

and from 6- 14 on the penultimate whorl. Labral lirae

number from 8-17 and columellar folds 4. Rare individu-

als are melanistic.

L: 14 to 24mm W: 35 to 43% A: 42 to 50%
Animal: Sole of foot creamy-white, sparsely lined with

grey; dorsum of foot creamy-white, variegated with grey

anteriorly and at the edges. Siphon translucent white,

sparsely flecked with snow-white and pale grey, extremity

tipped with dark grey; tentacles short, whitish, base

translucent cream. Eyes black, ringed with grey.

Habitat: In clean sand and among weed, from 0-5
fathoms.

Common.
Distribution: Throughout the Fiji Islands. - From the

Red Sea through the tropical Indo-Pacific to Polynesia

and Hawaii.

Discussion: The close-ribbed variant has been regarded

by many writers to be the species described by Lamarck

as Mitra arenosa (1811; p. 219 ). Lamarck's original diag-

nosis is short and no references to figures are cited. The

species was described as white in colour, ovate and tur-

reted, decussate and finely granulose, with brown trans-

verse bands on whorls, 4 columellar folds and a slightly

recurved anterior canal ; the length was given as 20 mm.

Lamarck omitted to mention the numerous axial ribs,

which are more pronounced than the spiral striae and

also the fact that the brown colour is more distinct upon

the summits of the axial ribs than it is in the interstices.

The author confused the issue by comparing his species

with his own Mitra granulosa (1811; p. 201), a species

uniformly dark brown in colour and almost twice the

size of M. arenosa. His remark "An Voluta costata Gme-

lin, p. 3458" adds to the confusion, since V. costata

Gmelin, 1791 is the same species as M. subulata La-

marck, 1811, as both authors cited a single reference to

Schroter, 1783; the latter species is dissimilar to M.

arenosa. Lamarck's type specimen of M. arenosa is not

extant at the Museum d'Histoire Naturelle in Geneva

(Dr. Binder, personal communication) and thus the true

identity of Lamarck's species remains unsolved. Some of

the diagnostic features mentioned by Lamarck in his de-

scription remind one of Vexillum pacificum (Reeve).

Mitra torulosa Lamarck is unquestionably a synonym

of Vexillum exasperatum. The type specimen which is

extant in the Museum d'Histoire Naturelle in Geneva

is slender in form with a short aperture and 1 1 axial ribs

upon the body whorl, and the axial ribs are only moder-

ately humped at the sutures (Dr. Binder, personal com-

munication )

.

Cotton (1957) considered Mitra interstriata Sowerby,

1870, M. occllata Reeve, 1844 and M. tortulosa [sic] La-

marck to be conspecific. Sowerby's M. interstriata is a

slender fusiform longitudinally plicate species resembling

to a certain extent Vexillum tliaanumi Pilsbry; Reevej

s

M. ocellata is a cylindrically fusiform, smooth and shining

shell, which Reeve likened to M. fissurata Lamarck. 181 1,

and which is actually a variant of that species. The three

species are totally dissimilar and can be separated on

sight.

Voluta cxasperata var. /? Gmelin, 1791, is the Voluta

sphaerulata of Martyn (= Voluta papilio Link, 1807).

Voluta turricula Gmelin, 1791 (refers to Chemnitz,

1780; Vol. 4. pi. 149, fig. 1376) appears to be a small

variant of Vexillum exasperatum.

The differences in animal pattern of the two forms are

negligible, but the range of variation in the number of

axial ribs is greater than in any other Vexillum species

studied. More research is necessary before the two forms

can be unequivocally combined under one species.

Vexillum exasperatum also occurs in Fiji in a pure white

and a melanistic form.
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79. Vexillum fcstum (Reeve, 1845)

(Plate 19; Figure 83)

1845. Mitra jesta Reeve, Conch. Icon., pi. 36, fig. 303

Shell: Shell small, pyramidally-ovate, spire pointed, fairly

solid; white in colour, ornamented with a moderately

broad brown peripheral band upon the body whorl, and

occasional brown spots on earlier whorls. Sutures deeply

impressed, whorls convex and angulate at sutures, num-

bering about 8 - 9 apart from protoconch which was

eroded in specimens examined ; coarse, elevated and angu-

late axial ribs cross whorls, numbering from 16-21 on the

body whorl and from 11 - 14 on the penultimate whorl.

Interstices of axial ribs with deep transverse grooves,

grooves almost extending to the summits or overriding

axial ribs. Aperture shorter than the spire, moderately

broad, outer lip moderately thickened, crimped, convexly

elongate and contracted basally; interior of aperture

cream or yellowish, with 10-14 Iabral lirae. Columella

white, calloused basally and with 4-5 prominent oblique

folds; base of shell concave and encircled with strong

nodulose spiral cords. Siphonal canal produced, calloused,

and slightly longer than the aperture.

L: 15 to 18mm W: 40 to 42% A: 44 to 47%
Type locality: Puerto Galero, Island of Mindoro, Philip-

pines.

Habitat: In clean sand and broken coral substrate, from

10-14 fathoms.

Rare.

Distribution: West Viti Levu. - From the Philippine

Islands to Fiji.

Discussion: The species closely resembles specimens of

Mitra approximata Pease, 1860 from Hawaii; in the

latter species the intestices of the axial ribs are very deeply

pitted.

80. Vexillum filistriatum (Sowerby, 1874)

(Plate 19; Figure 78)

1874. Mitra filistriata Sowerby, Thes. Conch., 4: 36; pi. 20,

fig. 402

Shell: Shell small, pyramidally-elongate and slender, spire

pointed; cream to fawn in colour, ornamented with a

narrow or broad peripheral band upon the body whorl,

and widely spaced brown spots at the sutures on earlier

whorls; in some specimens short axial brown streaks radi-

ate from the transverse band towards the sutures. Sutures

moderately impressed, whorls convex and subangulate at

the sutures, numbering from 8 - 9 apart from protoconch

which is usually eroded; elevated and angulate curved

axial ribs cross whorls, numbering from 22 - 26 on the body

whorl and from 13 - 18 on the penultimate whorl. Deep

spiral grooves encircle the shell, numbering from 12 - 15

on the body whorl and from 5-6 on the penultimate

whorl; spiral grooves override the axial ribs, giving the

body whorl a granulose appearance ; on the earlier whorls

the spiral grooves are confined to the interstices of the

axial ribs and the intervening ridges are broad, flat and

slightly elevated. Aperture shorter than the spire, outer

lip convex, contracted and recurved basally, lip moder-

ately thin and crimped; interior of aperture yellowish or

orange and prominently lirate. Columella cream in colour,

with 5 prominent oblique folds which extend as granulose

spiral ridges onto the body whorl; body whorl contracted

towards the base, anterior canal slightly produced.

L: 14 to 19mm W: 33 to 36% A: 43 to 46%
Type locality: None.

Habitat: In sand and weed substrate, from 3-15 fathoms.

Rare.

Distribution: West Viti Levu. - Polynesia, Hawaii.

81. Vexillum formosense (Sowerby, 1890)

(Plate 19; Figure 75)

1890. Mitra fonnosensis Sowerby, Journ. Linn. Soc. London.

20: 395-396; pi. 25, figs. 4, 5

1907. Turricula minahassae Schepman, Samml. Geol. Reichs-

Mus. Leiden, ser. 1, 8: 167; pi. 10, figs. 6, 6a

1925. Mitra (Vulpecula) utravis Melvill, Proc. Malac. Soc.

London, 16: 218; pi. 10, fig. 8

Shell: Shell moderate in size, elongate-fusiform, solid, spire

pointed; dark brown in colour, ornamented with one or

two narrow or moderately broad, whitish to light yellow

transverse bands on the body whorl and a single band on

earlier whorls; occasional specimens have additional

orange-brown or dark brown narrow transverse bands on

the body whorl and a brown spiral thread superimposed

on the white zone on earlier whorls. Sutures moderately

impressed, whorls convex, rounded or subangulate at

sutures, numbering from 9-11 apart from protoconch

which is glassy-brown; narrow and angulate slightly

curved axial ribs cross whorls, numbering from 8 - 20 on

the body whorl and from 18-27 on the penultimate

whorl ; in some specimens the latter half of the body whorl

is smooth. Moderately deep spiral grooves encircle the

shell, grooves bisecting axial ribs, which appear nodulose

on the presutural ramp; spiral grooves number from 23 to

34 on the body whorl and from 6 - 13 on the penultimate

whorl and terminate as nodulose spiral cords basally.

Aperture equal in height or slightly longer than the spire,

narrow, elongate, constricted basally, outer lip thickened

and smooth; interior of aperture violet, edge of outer lip

dark brown with small whitish areas, and labral lirae
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numbering from 3- 13. Columella calloused, whitish or

light brown, with 4-5 prominent folds; the first fold is

moderately broad, often placed transversely to the aper-

ture and bears a concave central channel. Anterior canal

calloused, produced, and straight or slightly recurved.

L: 31 to 45mm W: 30 to 35% A: 49 to 58%
Type locality: Island of Formosa.

Habitat: In clean and slightly muddy sand, among weed,

from 0-10 fathoms. Rare live-collected, beach speci-

mens not uncommon.
Distribution: Throughout the Fiji Islands. - From Indo-

nesia to Japan and Fiji.

Discussion: The species is very variable in colour pattern

and density of axial ribs; however, the variation in colour

pattern in Fiji specimens is not as great as in those from

the Philippine Islands J. Gate (1962b) presented a

detailed study on the three forms of V. formosense, and

reported all three as sympatric at Naval, Leyte, Philippine

Islands; the author further remarked on the frequent

intergradation of shell characters in all three forms. In

view of these findings it would be unwise to separate V.

minahassac Schepman and V. utravis Melvill as subspe-

cies since the prerequisite of geographic and reproductive

isolation is non-existent.

82. Vexillum granosum (Gmelin, 1791)

(Plate 19; Figure 86)

1791. Voluta granosa Gmelin, Syst. Nat., ed. 13, p. 3453

1798. Mitra cancellata Roding, Mus. Boltcn., p. 138 (non

Sw'AINSON, 1821'

1923. Mitra (Turricula) sanguisuga var. albida Dautzenberg
& Bouge, Journ. Conchyl., 67: 186

Shell: Shell moderate in size, fusiformly-elongate, solid

and moderately heavy; steel-grey to purplish-grey in

colour, ornamented with a single narrow white transverse

band on the body whorl and a single band adjacent to

the sutures on earlier whorls. Sutures moderately im-

pressed, w horls convex, rounded at the sutures and num-
bering from 10-12 apart from the purplish protoconch;

slightly elevated axial ribs cross whorls, ribs close-set,

coarse and rounded, numbering from 18-23 on the body
whorl and from 15-20 on the penultimate whorl; deep
and purplish spiral grooves encircle the shell, numbering
from 19-26 on the body whorl and from 5 - 8 on the

penultimate whorl. Aperture equal in height or shorter

than the spire, moderately narrow, outer lip thickened

and smooth; interior of aperture violet, edge of aperture

w ith a broad dark purple zone, deep interior pale violet or

bluish-white and with 10-15 labral lirac. Columella cal-

loused, purplish-brown in colour, with 4-5 violet folds;

anterior canal calloused and straight.

L: 34 to 45 mm W: 26 to 30% A: 44 to 48%

Type locality: Oceano indico.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Rare.

Distribution: North Viti Levu. - From Lemuria through

the tropical Indo-Pacific to Fiji.

Discussion: The species is very similar to Vexillum sangui-

sugum (Linnaeus), but appears to differ in the following

characters: the shell is more solid, the colour pattern

lacks the dark red small spots of V. sanguisugum but has a

narrow white transverse band instead; the axial ribs are

generally less prominent and more close-set, with the

resulting interstices narrower than in V. sanguisugum.

Both species have a similar distributional range and are

sympatric in Malaya, Queensland, New Guinea and Fiji,

and can be separated without difficulty. Nevertheless,

further research is indicated before it can be accepted as

a valid species.

83. Vexillum gruncri (Reeve, 1844)

(Plate 20; Figure 95)

1844. Mitra gruncri Reeve, Conch. Icon., pi. 16, sp. 119

Shell: Shell small, elongate-ovate, solid but light in weight;

pinkish-grey to light brown in colour ornamented with

one or two indistinct narrow white transverse bands and

two to three reddish-brown interrupted spiral threads on

the body whorl; earlier whorls with a narrow whitish

central band on which an interrupted spiral thread is

superimposed. Sutures weakly impressed, whorls flattened

to slightly convex, angulate at sutures, numbering from 6

to 7 apart from protoconch which was eroded in specimens

examined. Wide-spaced, elevated narrow and angulate

axial ribs cross whorls, numbering from 8 - 10 on the body

whorl and from 9-11 on the penultimate whorl; axial

ribs bear prominent spinose nodules just anteriorly to the

sutures. With the exception of 4 - 6 nodulose spiral cords

at the base, the shell is completely smooth. Aperture

longer than the spire, narrow and convexly elongate, edge

of outer lip white, thick and smooth ; interior of aperture

brownish, deep interior bluish-grey, interior of outer lip

whitish, labral lirae number from 7-14. Columella whit-

ish, calloused basally. with 6 prominent oblique folds;

siphonal canal calloused and straight.

L: 22 to 28mm W: 40 to 43% A: 62 to 65%
Type locality: Island of Masbate.

Habitat: In sand pockets of coral reefs, in shallow water.

Rare.

Distribution: North Viti Levu. - From the Philippines to

Samoa.
Discussion: Cotton (1957) equates Vexillum grunen
(Reeve) with V. sanguisugum (Linnaeus). Reevi '*
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type figure of V. gruneri does not even bear a superficial

resemblance to V. sanguisugum, and a transcription error

is suspected.

84. Vexillum intertaeniatum (Sowerby, 1874)

(Plate 21; Figure 99)

1874. Mitra intertaeniata Sowerby, Thcs. Conch., 4: 35; pi.

10, fig. 154

1880. Mitra pulchra Garrett, Journ. Conch., London. 3: 56

Shell: Shell small, slender and fusiform, rather solid;

whitish, light grey or bluish-grey in colour, ornamented

with 4-5 narrow, continuous orange or orange-brown

transverse bands on the body whorl, and two such bands

on earlier whorls ; occasional specimens have an additional

dark purple-brown central band on the body whorl.

Sutures moderately impressed, whorls flattened or convex,

angulate at the sutures, numbering from 8-10 apart from

protoconch of 2 - 2\ glassy-fawn or brown nuclear whorls

;

prominent elevated narrow and rounded axial ribs cross

whorls, ribs straight, slightly nodulose near the sutures,

numbering from 10- 18 on the body whorl and from 10

to 15 on the penultimate whorl. Interstices of axial ribs

with weak and shallow spiral grooves, grooves extending

partly onto the walls of the axial ribs, but occasionally

obsolete on the penultimate and earlier whorls; spiral

grooves number from 14 - 27 on the body whorl and from
3 - 7 on the penultimate whorl, and terminate as granulose

spiral ridges towards the base. Aperture shorter than the

spire, narrow, angulate, outer lip moderately thickened,

smooth, constricted posteriorly and basally; interior of

aperture dark purplish-brown with a white transverse

band and 4-15 labral lirae. Columella whitish, calloused,

with 3 - 5 oblique folds ; anterior canal produced and
calloused, straight or slightly recurved.

L: 12 to 27mm W: 29 to 35% A: 41 to 47%
Animal: Sole of foot white; dorsum of foot white, flecked
with dark grey. Siphon translucent white, sparsely flecked
with grey; tentacles white, base brownish-grey; eyes black.
Type locality: None.
Habitat: In clean and slightly muddy sand, in sand patches
and sand pockets of coral reefs, in shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From the
Philippine Islands through the tropical Pacific to Poly-
nesia.

Discussion: The species is variable in colour pattern and
sculpture of whorls. Specimens collected in muddy-sand
localities are usually very dark in appearance.

85. Vexillum longispirum (Sowerby, 1874)

(Plate 19; Figure 82)

1874. Mitra longispira Sowerby, Thes. Conch., 4: 36; pi. 20,

fig. 403

Shell: Shell small, elongate-ovate to fusiform, spire

pointed; light brown in colour, ornamented with a dark

brown narrow transverse band near suture and base and a

white central transverse band on the body whorl; earlier

whorls with a white transverse band adjacent to the

sutures; the dark brown colouring of the bands confined

mainly to the interstices of the axial ribs, while the ribs are

whitish or fawn in colour. Sutures moderately impressed,

whorls slightly to distinctly convex, rounded at sutures,

numbering from 8-9 apart from protoconch of 2-3
glassy-fawn nuclear whorls; coarse, elevated angulate and

obtuse axial ribs cross whorls, numbering from 13 - 16 on

the body whorl and from 12-15 on the penultimate

whorl ; ribs terminate as distinct nodules towards the base.

Interstices of axial ribs deeply grooved, grooves short or

extending almost to the summits of the axial ribs, number-
ing from 8 - 13 on the body whorl and from 4 - 6 on the

penultimate whorl. Aperture equal in height or shorter

than the spire, narrow, convexly elongate, contracted

basally, outer lip thin and slightly crimped; interior of

aperture pale to dark brown with one or two pale bands

and elevated interrupted labral lirae. Anterior part of

columella brown, posteriorly cream in colour, with 3 - 4
prominent oblique folds; base of shell contracted and en-

circled with granulose spiral cords, anterior canal straight

or slightly recurved.

L: 11 to 16mm W: 34 to 41% A: 42 to 53%
Type locality: None.
Habitat: In sand and weed substrate, from - 1 fathom.

Uncommon.
Distribution: North and West Viti Levu. - ?

Discussion: The species superficially resembles Vexillum
obeliscus (Reeve), but it is consistently smaller in size,

with fewer and more wide-spaced axial ribs, and lacking
the cancellate appearance of V. obeliscus; the aperture
is narrower, more elongate, and the labral lirae are inter-

rupted and appearing as short ridges which extend as
far as the edge of the outer lip.

86. Vexillum lubens (Reeve, 1845) >

(Plate 23; Figure 124)

1845. Mitra lubens Reeve, Conch. Icon., pi. 39, sp. 331
1853. Mitra cumjjta A. Adams, Proc. Zool. Soc. London pt

19: 134

1870. Mitra curbicula Sowerby, Proc. Zool. Soc. London p
258

Shell: Shell small, elongate-ovate, moderately solid; white
in colour, ornamented with a broad or narrow pale or
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bright rose-pink peripheral transverse band on the body

whorl and a narrow transverse zone adjoining sutures on

earlier whorls; occasional specimens lack the spiral bands,

while others are spotted. Sutures deeply impressed, whorls

flattened or very slightly concave, numbering from 7-9

apart from protoconch which was eroded in specimens

examined; coarse and angulate axial ribs cross whorls,

numbering from 19-24 on the body whorl and from 16

to 21 on the penultimate whorl. Interstices of axial ribs

with coarse elevated transverse ridges which override the

axial ribs, forming blunt round nodules on the summits,

and slightly larger nodules on the presutural ramp; ridges

number from 9 - 13 on the body whorl and from 4 - 5 on

the penultimate whorl. Aperture shorter than the spire,

narrow, often angulate at point of commencement and

sharply contracted basally, outer lip moderately thickened,

crimped; interior of aperture rose-pink, often with small

white and brown zones and 8-14 labral lirae. Columella

rose-coloured, calloused basally, with 4-5 very prominent

white or pink oblique folds which extend as distinct

granulose spiral cords onto the body whorl ; anterior canal

calloused, slightly produced and fairly straight.

L: 14 to 22mm W: 36 to 40% A: 43 to 46%
Animal: Sole of foot pinkish-fawn to rose-pink, edges of

foot flecked with dark brown; dorsum of foot fawn,

sparsely flecked near the edges with dark brown. Siphon

translucent cream, streaked with white and purple; ten-

tacles rather short, about 3 mm in length, translucent

brown, flecked with cream. Eyes bluish-black, ringed with

brown.

Type locality: Island of Ticao, Philippines.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Moderately rare.

Distribution: Throughout the Fiji Islands. - From Mau-
ritius through the tropical Indo-Pacific to Polynesia and
Hawaii.

Discussion: Occasional specimens have a row of small

brown spots on the body whorl and scattered small spots

on earlier whorls; these individuals resemble the species

Mitra corbicula Sowerby. The species is so closely latticed

that intervening interstices often appear as deep pits;

some specimens bear a row of nodules on the presutural

ramp of the whorls.

Reeve's description and type figure of Mitra lubens
are applicable to the species from Fiji; it is in our opinion
the earliest available name for this species, and prior to

M. compta A. Adams, 1853.

87. Vcxillum melongena (Lamarck, 1811)

(Plate 21; Figures 101, 101a, 101b)

1811. Mitra melongena Lamarck, Ann. Mus. Hist. Nat.. 17:

207

Shell: Shell moderate in size, fusiformly-elongate, pro-

duced at spire and base; white in colour, ornamented

with alternate transverse bands of greenish-brown or very

dark brown and white. Banding of body whorl consists

generally of 4 white and 4 olive-green or bla^kish-brown

transverse zones; the sutural band is broad, dark olive-

green or blackish-brown and the broad white zone bears

an orange or light brown spiral thread centrally. Earlier

whorls with a white, broad transverse band, which is

ornamented with a similar orange thread-like spiral line,

and the white zone is often bordered by a narrow dark

transverse zone; the white band is usually followed by an

olive-green band. Sutures moderately impressed, whorls

convex, rounded at sutures, numbering from 9-10 apart

from the protoconch which was eroded in specimens

examined; numerous slightly elevated axial ribs cross

whorls, ribs angulate or rounded, moderately straight or

slightly curved, numbering from 22 - 33 on the body whorl

and from 22-31 on the penultimate whorl. Interstices of

axial ribs transversely grooved, grooves either short or

extending almost to the summits of the ribs, but overriding

ribs on the presutural ramp, which appear slightly nodu-

lose; interstitial grooves number from 12 - 15 on the body

whorl and from 8-10 on the penultimate whorl. The
axial ribs continue towards the base as round nodules;

these nodules are usually very prominent and arranged

in 10-14 spiral rows terminating at the columella.

Occasional specimens are smooth on the latter half of

the body whorl. Aperture equal in height or slightly

longer than the spire, narrow and elongate, contracted

basally, outer lip thickened, smooth, with 3-5 dark brown
spots on the edge of the lip; interior of aperture pale

violet, with occasional white areas and a dark purple

stain at the base of the canal, and with 8-13 labral lirae.

Columella brown, calloused, with 4-5 prominent oblique

folds; anterior canal straight and spirally corded.

L: 35 to 44mm W: 31 to 33% A: 53 to 56%
Type locality: Ocean indien.

Habitat: In clean sand substrate, among weed, in shallow

water.

Rare.

Distribution: North and West Viti Levu. - From the

Philippines through the tropical Pacific to Fiji.

Discussion: Vexillum melongena has been interpreted as
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a coarse heavy species with correspondingly coarser sculp-

ture throughout, angulate whorls and straight sides and

similar in colouring to V. utravis (Mei.vill) .

Lamarck's original diagnosis is clear and detailed and

mentions salient features not visible in his type figure

(1798; pi. 373, fig. 9), which was the only reference cited

by the author. The type figure, although badly executed,

shows a shell with convex rounded whorls, and Lamarck's

description leaves no doubt that Vexillum melongena is

a species w ith fine sculpture and numerous axial ribs.

Lamarck's description is as follows: "Af. fusiformis,

albida, fusco rufescente fasciata; costellis longitudinalibus

crebcrrimis,striis transversis, infra suturas profundioribus

;

spira peracuta."

Lamarck's French discussion adds even more detail, as

can be seen from the following passage: "Elle est fusi-

forme, ventrue au milieu, pointue aux extremites, et

remarquable par une multitude de petites cotes longitudi-

nales qui la font paroitre cannelee dans sa longueur. Sur

un fond blanchatre, elle est ornee de plusieurs zones

transverses, les une d'un roux tres-brun, les autres d'un

fauve livide. Elle offre en outre une ligne jaune transver-

salr, dans la partie claire ou blanche de chaque tour."

The size of the shell was given as 38 - 40 mm, and no

locality was cited.

All important diagnostic characters have been men-
tioned by Lamarck : the whitish base-colour, dark brown
and livid-white transverse zones, yellow spiral thread in

the light zones, pointed spire and base, and the numerous
crowded axial ribs ; the type figure shows convexly rounded

w horls.

Lamarck's colour comparison of Mitra melongena with

his "Mitre en lyre" (= Mitra subdivisa (Gmelin, 1791
)

)

is somewhat misleading, as live-collected specimens of

the latter species are certainly not whitish. Lamarck's
specimen of M. subdivisa, however, may have been beach-

worn and such specimens exhibit a dirty-white base colour.

In his description of M. subdivisa, Lamarck uses the

words "albida" and "sur un fond blanchatre" to describe

the colouring, colours applicable to beach-worn specimens,

not to live-collected ones.

Lamarck's cited type figure, a ventral view of the spec-

ies only, is not ideal for a positive identification ;
however,

in conjunction with his detailed description it assists in an

unequivocal interpretation of the species.

88. Vexillum michaui (Crosse & Fischer, 1864)

(Plate 19; Figure 76)

1844. Mitra rigida Reeve, Conch. Icon., pi. 22, sp. 169 fnon

Swainson, 1822)

1864. Mitra michaui Crosse & Fischer, Journ. Conchyl., 12:

337 (nom. nov. pro M. rigida Reeve, 1844)

1874. Mitra alauda "Quoy," Sowerby, Thes. Conch., 4: 35;

pi. 10, figs. 134, 135

1874. Mitra michaudi, Sowerby, Thes. Conch., 4: 35; pi. 10,

fig. 157

Shell: Shell small, fusiformly-elongate, light in weight;

purple to purplish-grey in colour, ornamented with one

or two narrow light transverse bands on the body whorl

and one central band on earlier whorls; body whorl with

3-5 rows of dark orange-brown spots situated on the axial

ribs, penultimate whorl with two rows. Sutures moderately

impressed, whorls convex and angulate at the sutures,

numbering from 9-10 apart from protoconch of 2-2\
glassy-fawn nuclear whorls; prominent wide-spaced and

curved axial ribs cross whorls, ribs angulate but slightly

rounded on the summits and occasionally bluntly nodulose

on the presutural ramp; axial ribs number from 9 - 13 on

the body whorl and from 8 - 12 on the penultimate whorl.

Interstices of axial ribs with very fine spiral striae, striae

terminating as nodulose spiral cords basally. Aperture

shorter than the spire, narrow, outer lip moderately

thickened, smooth, elongate, pointed basally; interior of

aperture dark purple-brown with a white transverse band,

interior edge of outer lip whitish. Labral lirae number
from 6-10 and are often indistinct; columella purplish,

calloused basally, with 4-5 bluish-white oblique folds.

Anterior canal produced and pointed, calloused, straight

and spirally corded.

L: 16 to 23mm W: 28 to 32% A: 41 to 46%
Type locality: None.

Explanation of Plate 20

Figure 89: Vexillum vulpecula (Linnaeus) . Fiji (x 1.0) Figure 90: Vexillum rugosum (Gmelin) Fiji (x 1.25) Figure 91: Vexil-

lum caffrum (Linnaeus) . Fiji (x 0.9) Figure 92: Vexillum subdivisum (Gmelin) . Fiji (x 1.2) Figure 93: Vexillum costellaris

(Lamarck) . Siasi, Sulu Isld., Philippines (x 1.1) Figure 94: Vexillum plicarium (Linnaeus ). Fiji (x 1.1 )
Figure 95: Vexillum

gruneri (Reeve). Fiji (x 2.0) Figure 96: Vexillum radix (Sowerby). Fiji (x 1.75) Figure 97: Vexillum crebriliratum (Reeve). Fiji

(x2.0) Figure 97a : Vexillum crebriliratum (Reeve) , colour variant. Fiji (x 2.0) Figure 98: Vexillum tacniatum (Lamarck),

Type-figures from the "Encyclopedie methodique." Figure 98a: Vexillum tacniatum (Lamarck), juvenile specimen. Fiji (x 1.0)

Figure 98b: Vexillum tacniatum (Lamarck) , fine-ribbed specimen with rounded whorls. Fiji (x 1.0) Figure 98c: Vexillum tacnia-

tum (Lamarck), specimen similar to Lamarck's holotype extant in the Museum d'Histoire Naturelle, Geneva. Fiji (x 1.4)

Figure 98d: Vexillum taeniatum (Lamarck), coarse-ribbed form with subangulate whorls. Fiji (x 1.2)
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Habitat: In clean and weedy sand substrate, in sand

pockets of coral reefs in shallow water.

Rare.

Distribution: North Viti Leyu. - From Mauritius through

the tropical Indo-Pacific to Fiji.

Discussion: Mitra alauda "Quoy" has not been men-

tioned or described prior to Sowerby's listing in the

"Thesaurus Conchyliorum" (1874).

89. Vexillum militaris (Reeve, 1845)

(Plate 21; Figure 103)

1845. Mitra militaris Reeve, Conch. Icon., pi. 29, sp. 236a,

236b

Shell: Shell small, elongate-fusiform, turreted and solid;

white to cream in colour, ornamented with a narrow or

broad, pink or reddish central transverse band on the

body whorl; on earlier whorls the transverse bands adjoin

the sutures, but may be obsolete or confined to the inter-

stices of the axial ribs. Sutures deeply impressed, whorls

flattened or slightly convex, early whorls convex, either

angulate or subangulate at the sutures, numbering from 6

to 7 apart from pmtoconch of 1-| creamy-white nuclear

whorls. Elevated and angulate axial ribs cross whorls,

ribs flattening basally, numbering from 15-20 on the

body whorl and from 14- 17 on the penultimate whorl;

occasional specimens are bluntly coronate, faintly stained

with light yellow on the presutural ramp. Interstices of

axial ribs spirally grooved, grooves deep and either con-

fined to the interstices or overriding axial ribs; grooves

number from 12-15 on the body whorl and from 4- 6

on the penultimate whorl. Aperture equal in height to

the spire, narrow, outer lip moderately thickened, smooth,

narrowly elongate, pointed basally; interior of aperture

cream, light fawn or yellow, deep interior occasionally

brown, with 9-14 labral lirae. Columella flesh-coloured,

calloused basally, with 4-5 prominent oblique folds

;

anterior canal slightly produced, heavily calloused, straight

or recurved.

L: 12 to 17mm W: 34 to 37% A: 47 to 50%
Type locality: Island of Ticao, Philippines.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Rare.

Distribution: North Viti Levu. - From the Philippine

Islands to Fiji.

90. Vexillum obeliscus (Reeve, 1844)

(Plate 19; Figure 80)

1844. Mitra obeliscus Reeve, Conch. Icon., pi. 15, fig. 107

1874. Mitra subtruncata Sowerby, Thcs. Conch., 4: 34; pi.

20, fig. 405

Shell: Shell moderately small, elongate-fusiform, spire

long and pointed; orange-brown to dark brown in colour,

ornamented with a white transverse band anteriorly to

the suture on the body whorl and adjoining sutures on

earlier whorls; the white bands generally extend in width

over 2-4 spiral ridges, and occasional specimens have two

such bands on the body whorl. Whorls flattened or con-

vexly rounded, sutures deeply impressed, whorls rounded

or weakly subangulate at sutures, numbering from 8-10

apart from protoconch of 2 glassy-purple nuclear whorls;

apex of spire stained purplish-brown. Elevated, angulate

or rounded axially curved ribs cross whorls, numbering

from 21 - 29 on the body whorl and from 18-26 on the

penultimate whorl ; elevated spiral ridges bisect the axial

ribs, often forming small nodules at point of intersection

on the ribs; in some specimens the spiral ridges are con-

fined to the interstices, where they appear as short flat

ridges. Spiral ridges number from 13-18 on the body

whorl, and from 4 - 8 on the penultimate whorl. Aperture

shorter than the spire, moderately narrow, outer lip thin

and convexly rounded, contracted basally; interior of

aperture pale fawn to dark brown with a transverse light

band and 5-12 labral lirae, lirae occasionally nodulose.

Columella brownish, with 4-5 oblique folds; body whorl

rounded, contracted towards the base, with nodulose spiral

cords basally. Anterior canal moderately or greatly pro-

duced, calloused, straight or distinctly recurved.

L: 16 to 26mm W: 31 to 36% A: 39 to 47%
Type locality: Bais, Island of Negros, Philippine Islands.

Habitat: In clean sand substrate, among weed, in shallow

water.

Uncommon.
Distribution: West and South Viti Levu. - From Mau-
ritius through the tropical Indo-Pacific to Fiji.

Discussion: The species is extremely variable in colour

pattern, sculpture, height of aperture and length of ante-

rior canal. The majority of specimens examined had only

a single white transverse band on the body whorl, while
rare individuals show two distinct white bands on the
body whorl.

Cate & Burch (1964) reported individual variants of

Vexillum obeliscus under the name V. subtruncatum
(Sowerby, 1874) from Fiji. No two specimens of V. obe-
liscus collected in Fiji waters are alike and variants of the

species are so frequent in all localities that it is impossible

to determine which form represents the most frequent
"typical" species. Sowerby (1874) compared his Mitra
subtruncata to M. obeliscus Reeve from which it is said

to differ in being straight and compressed at the sides,

and slightly truncated above the contracted termination.

Mitropifrx kurodai Sakurai & Habe, 1964 is similar to

Vexillum obeliscus, except that it is larger in size (26-32
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millimeters), broader 37 -42% of Length), and with

more numerous spiral cords (25) on the body whorl;

there are three white transverse zones on the body whorl,

but only one or two in V. obeliscus.

91. Vexillum obtusispinosum (Sowerby, 1874)

(Plate 22; Figure 116)

1874. Mitra obtusispinosa Sowerby, Thes. Conch., 4: 37; pi.

19, fig. 373

Shell: Shell moderately small, fusiformly-elongate, spire

pointed; whitish to cream in colour, ornamented with

irregular orange-brown or dark brown spots, blotches

and longitudinal streaks. Sutures weakly to moderately

impressed, early whorls convexly rounded, last three

whorls concave and angulate at sutures, numbering from

8-10 apart from the protoconch of 2 nuclear whorls;

prominent concave and angulate axial ribs cross whorls,

ribs forming 2-3 rows of spiny nodules on the summits,

spines near suture the most prominent. Interstices of

axial ribs w ith deep transverse grooves, grooves barely

extending to the summits of the ribs, or overriding these

in certain individuals; transverse grooves number from

14 - 19 on the body whorl and from 5 - 7 on the penulti-

mate whorl. Aperture about equal in height to the spire,

angulate and contracted basally, outer lip slightly thick-

ened and faintly crimped along the edge; interior of

aperture white, occasionally blotched with brown, with

6-13 labral lirae. Columella white with 5 white oblique

folds; anterior canal straight, with nodulose spiral cords,

base of aperture slightly shorter than the anterior canal.

L: 16 to 23mm W: 35 to 39% A: 46 to 51%
Type locality: None.

Habitat: In clean sand substrate, from - 5 fathoms.

Uncommon.
Distribution: North and West Viti Levu. - From the

Philippines through the tropical Pacific to Fiji.

92. Vexillum pacificum (Reeve, 1845)

(Plate 18; Figure 70)

1845. Mitra pacifica Reeve, Conch. Icon., pi. 33, sp. 272

1860. Mitra wisemani Dohrn, Proc. Zool. Soc. London, pt.

28: 367

Shell: Shell small, elongate-ovate to ovate, turreted;

cream or creamy-white in colour, ornamented with round

dark brown spots generally arranged in a central trans-

verse row on the body whorl, adjoining the sutures on
earlier whorls; some specimens thickly sprinkled with
very small orange-brown dots. Sutures moderately to

deeply impressed, whorls flattened or slightly concave,

angulate at sutures, numbering from 7 - 9 apart from

protoconch of 1 1 nuclear whorls
;
slightly elevated narrow

and rounded axial ribs cross whorls, main ribs numbering

from 11-21 on the body whorl and from 13-17 on the

penultimate whorl. Smaller axial ribs are positioned

between the main ribs, which become elevated nodules

on the presutural ramp; deep spiral grooves encircle the

shell, bisecting axial ribs, numbering from 10- 15 on the

body whorl and from 4 - 8 on the penultimate whorl ; the

spiral grooves and axial ribs form squarish nodules at

point of intersection, which have a step-like appearance

in profile. Aperture equal in height or shorter than the

spire, squarish, outer lip moderately thickened and obso-

letely crenulate, slightly constricted near point of com-

mencement; interior of aperture yellowish, with 5-12

nodulose labral lirae. Columella calloused, white in

colour, with 4 prominent oblique and curved folds;

anterior canal calloused and recurved towards aperture.

L: 10 to 20mm W: 41 to 50% A: 40 to 50%
Animal: Sole and dorsum of foot cream, profusely spotted

with very small orange dots. Siphon creamy-white, thickly

spotted with orange; tentacles translucent-white, base

cream, finely spotted with orange. Eyes black, ringed

with grey.

Type locality: Lord Hood Island, Pacific Ocean.

Habitat: In weedy sand substrate, in shallow water.

Moderately common.
Distribution: Throughout the Fiji Islands. - From Mau-
ritius through the tropical Indo-Pacific to Polynesia and

Hawaii.

Discussion: The species is similar to Vexillum cadaver-

osum (Reeve), which has more elevated and sharply

angulate axial ribs, with a row of spines on the presutural

ramp and another row of nodules on the periphery of the

body whorl; the last three whorls are distinctly concave

in V. cadaverosum, the spiral grooves are shallower and

the base is prominently spirally corded. The whorls are

encircled by a narrow transverse band, and the species

lacks the decussate appearance of V pacificum. The
animal-pattern of the two similar species is consistently

different.

93. Vexillum plicarium (Linnaeus, 1758)

(Plate 20; Figure 94)

1758. Voluta plicaria Linnnaeus, Syst. Nat., ed. 10, p. 732. no.

366

1798. Vexillum plicatum Roding, Mus. Bolten., p. 138

1798. Vexillum lividum Roding, Mus. Bolten., p. 138

1807. Voluta elcgans Link, Beschr. Nat.-Samml. Univ. Ros-

tock, p. 127 (non Gmelin, 1791)

1811. Mitra corrugata Lamarck (pars), Ann. Mus. Hist. Nat.,

17: 205
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1845. Mitra dcnticulata "Martvn," Chenu, Univ. Conch.,

p.26; pi. 35, fig. 2a

Shell: Shell moderate in size, elongate-ovate, fusiform,

turreted, solid and heavy; white to cream in colour,

ornamented with a broad olive-green or dark brown

transverse band and one or two distinct interrupted spiral

bands on the body whorl ; earlier whorls encircled with a

single interrupted spiral line. The narrow spiral bands are

usually confined to the interstices of the axial ribs, but in

some specimens they are almost continuous. Sutures mod-

erately impressed, whorls flattened to slightly concave,

angled at sutures, numbering from 8-9 apart from proto-

conch of 2 - 3 dark purple-brown nuclear whorls; wide

spaced and angulate axial ribs cross whorls, ribs often

spinose on the presutural ramp, numbering from 8 - 13 on

the penultimate and on the body whorl. Shallow spiral

grooves encircle the shell, grooves ill-defined and over-

riding axial ribs on body whorl, confined to interstices on
earlier whorls; grooves number from 16-24 on the body
whorl and from 4 - 8 on the penultimate whorl, but are

almost obsolete in large adult specimens. Aperture slightly

longer than spire, narrow and elongate, slightly constricted

centrally, outer lip thick, smooth, flecked with 3-4 dark
brown blotches; interior of aperture whitish or light blue,

with 7-12 labral lirae. Columella whitish, calloused

basally, with 4-5 prominent oblique folds; the first

columellar fold is generally placed transversely to the

aperture. Anterior canal straight, heavily calloused, base

of shell with prominent nodulose spiral cords.

L: 34 to 50mm W: 37 to 40% A: 55 to 60%
Type locality: O. Asiatico.

Habitat: In clean sand substrate, in sand patches of

lagoons, in shallow water.

Rare.

Distribution: North Viti Levu. - From the Andaman
Islands through the tropical Indo-Pacific to Micronesia
and Fiji.

94. Vexillum radius (Reeve, 1845)

(Plate 18; Figure 68)

1845. Mitra radius Reeve, Conch. Icon., pi. 37, fig. 309

Shell: Shell small, narrow, elongate-fusiform, spire high
and slender; fawn to light brown in colour, ornamented
with a single broad white transverse band on the body
whorl and earlier whorls. Sutures moderately impressed,
whorls convex, slightly angulate at the suture in large
adult specimens, numbering from 7 - 8 apart from proto-
conch of 2-3 glassy-fawn nuclear whorls; elevated, curved
and angulate axial ribs cross whorls, ribs wide-spaced, oc-
casionally rounded on the summits, numbering from 10 to

16 on the body whorl and from 10 - 14 on the penultimate

whorl. Interstices of axial ribs sculptured with narrow and

deep transverse grooves, grooves barely extending to the

summits of the axial ribs, numbering from 13 - 18 on the

body whorl and from 4 - 7 on the penultimate whorl;

transverse grooves terminate as spiral cords towards the

base of the body whorl. Aperture much shorter than the

spire, convcxly-elongate, contracted basally, outer lip thin,

smooth ; interior of aperture fawn to orange, with 2-11
labral lirae. Columella orange to fawn in colour, calloused,

with 4-5 white oblique folds; anterior canal calloused,

recurved and slightly longer than the aperture.

L: 11 to 17mm W: 29 to 35% A: 35 to 43%
Type locality: Island of Corregidor, Philippine Islands.

Habitat: In fine weedy sand substrate, from to 15

fathoms.

Uncommon.
Distribution: Throughout the Fiji Islands. - From the

Philippine Islands to Fiji.

95. Vexillum radix (Sowerby, 1874)

(Plate 20; Figure 96)

1874. Mitra radix Sowerby, Thes. Conch., 4: 36; pi. 25, fig. 552

Shell: Shell moderately small, elongate, fairly solid;

chestnut-brown in colour, ornamented with a narrow
white peripheral band on the body whorl and earlier

whorls. Sutures prominent, whorls convex, subangulate at

sutures, numbering from 9-11 apart from protoconch
which was eroded in all specimens examined; elevated
and angulate axial ribs cross whorls, ribs arcuate,
becoming nodulose towards the base, numbering from 1

2

to 20 on the body whorl and from 12 - 17 on the penulti-
mate whorl. Interstices of axial ribs transversely grooved,
grooves deep and broad, almost extending to the summits
of the axial ribs, numbering from 12-17 on the body
whorl and from 5 - 7 on the penultimate whorl. Aperture
shorter than the spire, narrow and convexly elongate,
contracted and reflected basally; outer lip moderately thin
and smooth. Interior of aperture whitish or pale brown,
with 7-11 labral lirae; columella calloused, brownish
in colour, with 4 - 5 oblique white folds. Anterior canal
calloused, slightly produced and spirally corded.
L: 18 to 30mm W: 32 to 37% A: 41 to 46%
Type locality: None.
Habitat: On sand and coral rubble substrate, in deep
water.

Uncommon.
Distribution: South Viti Levu. - ?

Discussion: Sowerby (1874) remarked on the similarity
of his new species with Vexillum obeliscus (Reeve), but
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pointed out that it differs in the more wide-spaced

arcuate axial ribs. In V. obeliscus the white transverse

bands are wider, axial ribs close-set and more numerous,

whorls less convex, and the interstices are cancellate with

spiral ridges. In V. radix the axial ribs are distinctly

arcuate and in profile are slightly nodulose; this nodulosity

is not caused, however, by the overriding spiral ridges as

in V. obeliscus.

96. Vexillum rufofilosum (E.A.Smith, 1876)

(Plate 19; Figure 79)

1876. Mitra (Turricula) rufofilosa E.A.Smith, Journ. Linn.

Soc, 12: 548; pi. 30, fig. 10

Shell: Shell small, turreted, moderately solid, elongate;

reddish-brown to dark brown in colour, ornamented with

a white transverse band a short distance anteriorly to the

suture on the body whorl, and one or two ill-defined

white bands towards the base; the peripheral white zone

bears a central narrow continuous or interrupted orange

spiral line ; on earlier whorls the white transverse band is

narrow and situated centrally on whorls. Sutures promi-

nent, whorls flattened and straight or slightly convex,

angulate at sutures, numbering from 9-11 apart from \\

to 2 purplish-brown nuclear whorls; white elevated and
angulate axial ribs cross whorls, those on the body whorl

terminating in nodules towards the base; axial ribs

number from 13 - 17 on the body whorl and from 11-15
on the penultimate whorl. Interstices of axial ribs with

deep and broad spiral grooves, grooves numbering from
1 2 - 23 on the body whorl and from 6 - 8 on the penulti-

mate whorl; interstitial grooves are often stained with
dark brown and are either short or extend to the summits
of the axial ribs; the early whorls are tinged with purplish

brown. Aperture equal in height to the spire, narrow,

angulate, contracted basally, outer lip thickened, smooth;
interior of aperture violet, tinged with brown and with a

narrow white transverse band, and 4-10 labral lirae.

Columella brown, calloused, white basally, with 4 - 6

prominent oblique folds; anterior canal calloused, spirally

corded and produced, often longer than the base of the

outer lip.

L: 18 to 28mm W: 32 to 35% A: 48 to 54%
Type locality: Solomon Islands.

Habitat: In clean sand substrate, in deeper water.

Moderately rare.

Distribution: South and West Viti Levu. - Philippines,

Solomon Islands.

Discussion: The orange spiral band superimposed on the
white transverse zone is generally more prominent in the

interstices of the axial ribs, becoming paler towards the

summits; the orange thread was present in all specimens

examined.

97. Vexillum rugosum (Gmelin, 1791)

(Plate 20; Figure 90)

1791. Voluta rugosa Gmelin, Syst. Nat., ed. 13, p. 3456

1811. Mitra corrugata Lamarck (pars), Ann. Mus. Hist. Nat.,

17: 205

1853. Mitra jukesi A. Adams, Proc. Zool. Soc. London, pt.

19: 139

Shell: Shell moderate in size, elongate, turreted, heavy and

solid; brown, green or greenish-grey in colour, orna-

mented with one to three whitish transverse bands on the

body whorl and a single whitish band on earlier whorls.

Sutures weakly impressed, whorls flattened to convex,

angulate at sutures, numbering from 9-10 apart from

protoconch of 2 dark purple nuclear whorls; elevated

and angulate axial ribs cross whorls, ribs nodulose and

produced on the presutural ramp, numbering from 6-11

on the body whorl and from 9-13 on the penultimate

whorl; axial ribs are generally quite distinct on the body

whorl but may become obsolete on the latter half in some

individuals. Moderately deep spiral grooves encircle the

shell, grooves bisecting axial ribs and continuing basally

as spiral cords; grooves number from 18-23 on the body

whorl and from 5 - 8 on the penultimate whorl. Aperture

equal in height or longer than the spire, narrow, angulate,

somewhat constricted centrally, outer lip thick, smooth;

interior of aperture bluish-white or light violet, interior

edge of outer lip and anterior canal stained dark brown;

labral lirae prominent, numbering from 8-14. Columella

glazed, calloused, whitish, violet or light brown in colour,

with 4-5 prominent oblique folds; the first columellar

fold is oriented transversely to the aperture. Anterior

canal calloused and straight.

L: 33 to 44mm W: 39 to 42% A: 55 to 62%
Type locality: None.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Rare.

Distribution: North Viti Levu. - From East Africa

through the tropical Indo-Pacific to Polynesia.

Discussion: The species differs from Vexillum vulpecula

(Linnaeus) in colour pattern, the more distinct and
deeper spiral grooves, the prominent knobs of the axial

ribs, angulate whorls and slightly greater width in relation

to shell-length.
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98. Vexillum sanguisugum (Linnaeus, 1758)

(Plate 19; Figure 85)

1758. Voluta sanguisuga Linnaeus, Syst. Nat., ed 10, p. 732,

no. 354

1811. Mitra stigmataria Lamarck, Ann. Mus. Hist. Nat., 17:

208

1923. Mitra (Turricula) sanguisuga var. caerulescens Daut-

zenberg & Bouge, Journ. Conchyl., 67: 184

1923. Mitra (Turricula) sanguisuga var. transposita Daut-

zenberg & Bouge, Journ. Conchyl., 67: 184

1923. Mitra (Turricula) sanguisuga var. castaneocincta Daut-

zenberg & Bouge, Journ. Conchyl., 67: 186

Shell: Shell moderate in size, narrow, fusiformly-elongate

;

w hitish, cream or bluish-grey in colour, ornamented with

two rows of small orange to reddish-brown spots on the

body whorl and a single row of spots on earlier whorls;

spots either squarish or axially elongate, situated on the

summits of the axial ribs. Sutures moderately impressed,

whorls convex, rounded at sutures, numbering from 10 to

12 apart from protoconch of 2 dark purple nuclear whorls;

axial ribs cross whorls, ribs almost straight, angulate,

slightly rounded on the summits, numbering from 16-28

on the body whorl and from 13-19 on the penultimate

whorl. Moderately deep spiral grooves encircle the shell,

grooves often coloured purple and bisecting axial ribs,

numbering from 18 - 36 on the body whorl and from 6 to

12 on the penultimate whorl; interstices of axial ribs are

purple. Aperture equal in height or shorter than the spire,

narrow, elongate, outer lip moderately thickened, smooth;

interior edge of outer lip purplish-brown, deep interior of

aperture pale violet or bluish-white, with 0-17 labral

lirae. Columella calloused, brownish or dark purple in

colour, with 3-5 whitish, oblique folds; anterior canal

straight, calloused, spirally corded.

L: 27 to 46mm W: 24 to 30% A: 42 to 49%
Animal: Sole of foot light grey, densely variegated with

darker grey; dorsum of foot whitish, sparsely streaked

with grey. Tentacles white, base white, thinly flecked

w ith grey
;
siphon alternately flecked with white and dark

grey, distal end tipped with blackish-grey.

Type locality: M. Mediterraneo [error].

Habitat: In clean sand substrate, in sand pockets of coral

reefs, from to 4 fathoms.

Moderately common.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: Dautzenberg & Bouge (1923) established

a number of varietal names for colour variants which

occur in almost every population of the species in Fiji

localities; these varietal names are hardly justified for

individual colour variants and are of no taxonomic value

as subspecific terms.

Mitra stigmataria Lamarck was actually intended as

a replacement name for Voluta granosa Gmelin, 1791

{fide Lamarck, 181 1, p. 209). Lamarck, however, speci-

fically mentioned the transverse rows of blood-red dots on

the shell and was thus describing Vexillum sanguisugum

(Linnaeus) and not V. granosum (Gmelin) ; the latter

species always lacks the red dots on the summits of the

axial ribs.

99. Vexillum semifasciatum (Lamarck, 1811)

(Plate 22; Figure 112)

1811. Mitra sernifasciata Lamarck, Ann. Mus. Hist. Nat., 17:

217

1822. Mitra rigida Swainson, Zool. Illust., ser. 1, pi. 29, fig.

2 (centre)

Shell: Shell small, elongate-ovate, solid; white, cream or

grey in colour, ornamented with a broad reddish-brown

to dark greenish-brown transverse band on the body whorl

and a single band of the same colour adjoining sutures

on earlier whorls; the transverse zones are generally

bordered by a darker narrow and interrupted spiral line,

and numerous specimens have orange-coloured axial ribs.

Sutures deeply impressed, w horls slightly convex, angulate

at sutures, numbering from 7-10 apart from protoconch

of 2\ - 3 glassy-brown nuclear whorls; elevated, angulate

and slightly curved axial ribs cross whorls, ribs coarse,

slightly humped at sutures, numbering from 1 1 - 18 on the

body whorl and from 1 1 - 1 6 on the penultimate whorl.

Base of body whorl with faint spiral grooves, about 4-10

in number, and prominent nodulose spiral cords. Aperture

equal in height or shorter than the spire, moderately

narrow, outer lip convexly rounded, thickened, smooth;

interior of aperture violet with a narrow white transverse

band and 4-18 labral lirae. Columella dark brown or

purplish-brown with 4 very prominent white or light

violet columellar folds; anterior canal straight, heavily

calloused.

L: 14 to 27mm W: 39 to 45% A: 43 to 51%
Animal: Sole of foot white or cream, variegated with light

grey; dorsum of foot white, anteriorly stained with

blackish-grey. Siphon very dark grey, irregularly speckled

with white; tentacles translucent cream, base stained with

grey; eyes black.

Type locality: Ocean indien.

Habitat: In clean and muddy sand substrate, in sand

pockets of coral reefs, in shallow water.

Common.
Distribution: Throughout the Fiji Islands. - From the

Red Sea through the tropical Indo-Pacific to Samoa.
Discussion: Lamarck (1811) did not cite any references

to illustrations and the holotype is not in the Museum
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d'Histoire Naturelle in Geneva (Dr. Binder, in litt.).

The original description, however, is clear and detailed

and enables an unequivocal identification of the species.

100. Vexillum semisculptum (Adams & Reeve, 1850)

(Plate 18; Figure 67)

1850. Mitra semisculpta Adams & Reeve, Voy. Samarang,

pt. 2: 27; pi. 10, fig. 28

Shell: Shell small, fusiformly-elongate, spire slender and

pointed; light fawn to greenish-fawn in colour, rarely

olive-green, ornamented with a narrow white central band

on the body whorl and a single white band adjacent to

the sutures on earlier whorls; apex dark brown to purplish

brown. Sutures deeply impressed, whorls convex, rounded

at sutures, numbering from 9-10 apart from protoconch

of 2 glassy-brown nuclear whorls; coarse, wide-spaced

angulate axial ribs cross whorls, numbering from 3 - 13 on

the body whorl and from 8 - 13 on the penultimate whorl.

Interstices of axial ribs with wide-spaced, shallow, punc-

tate spiral grooves, grooves occasionally overriding axial

ribs on penultimate and earlier whorls; grooves number
from 7 - 1 2 on the body whorl and from 3 - 5 on the pen-

ultimate whorl, terminating towards the base of the shell

in distinct spiral cords, numbering from 4-8. Aperture

shorter than the spire, narrow, outer lip moderately thin,

smooth, convexly elongate and contracted basally; interior

of aperture purplish-brown with a light transverse band
and 2-10 labral lirae. Columella greenish, with 3-4
oblique folds; anterior canal slightly calloused, produced,
occasionally slightly longer than the outer lip.

L: 13 to 24mm W: 30 to 36% A: 40 to 47%
Animal: The sole and dorsum of the foot are creamy-fawn.
Other details not observed.

Type locality: Sooloo Island, Philippine Islands.

Habitat: In clean sand and weedy sand substrate, in

lagoons and sand pockets of coral reefs, from - 3 fathoms.
Uncommon.

Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Fiji.

Discussion: The species shows surprisingly little variation,

with the exception of the number of axial ribs on the body

whorl; the majority of specimens examined lacked axial

ribs on the latter half of the body whorl.

101. Vexillum subdivisum (Gmelin, 1791)

(Plate 20; Figure 92)

1791. Voluta subdivisa Gmelin (pars), Syst. Nat., ed. 13, p.

3453

1811. Mitra subdivisa, Lamarck, Ann. Mus. Hist. Nat., 17:

206

1822. Mitra lyrata Lamarck, Anim. sans Vert., 7: 308

Shell: Shell moderate in size, elongate-fusiform, turreted,

fairly light in weight; grey, olive-green or greyish-brown

in colour, ornamented with two or three narrow dark

brown transverse bands on the body whorl and a broad

zone of the same colour at the base of the shell; earlier

whorls with a central band of the same colour, occasionally

situated at the sutures in some individuals; the transverse

band anterior to the suture on the body whorl and the

spiral bands on earlier whorls are generally bordered by a

narrow white spiral band. Sutures moderately impressed,

whorls convex, rounded or subangulate at sutures, num-

bering from 9-11 apart from protoconch of 1^-2 glassy-

brown or purple nuclear whorls; slender and angulate

axial ribs cross whorls, ribs finely rounded on the summits

and occasionally coloured light orange, numbering from

14 - 19 on the body whorl and from 13 - 16 on the penulti-

mate whorl. Interstices of axial ribs with wide-spaced

deep spiral grooves, grooves almost extending to the

summits of the axial ribs, numbering from 15-22 on the

body whorl and from 5-10 on the penultimate whorl.

Aperture equal in height or slightly longer than the spire,

narrow and elongate, slightly undulate, contracted basally,

outer lip thick, smooth; interior of aperture bluish-white

or light violet, interior edge of outer lip with 3 - 4 dark

Explanation of Plate 21

Figure 99: Vexillum intertaeniatum (Sowerby) . Fiji (x 2.0) Figure 100: Vexillum species. Fiji (x 1.25) Figure 101: Vexillum
melongena (Lamarck). Fiji (x 1.25) Figure 101a: Vexillum melongena (Lamarck). Pearl reef, Great Barrier Reef, Queensland,

Australia
( 1.25) Figure 101b: Type-figures of Vexillum melongena (Lamarck), from the Encyclopedie methodique."

Figure 102: Vexillum thaanumi Pilsbry. Keehi Lagoon, Oahu, Hawaii (x 2.0) Figure 102a: Vexillum thaanumi Pilsbry, juvenile
specimen. Fiji (x2.8) Figure 103: Vexillum militaris (Reeve) . Fiji (x 3.25) Figuiv 104: Vexillum to dilla (Mighels) . Fiji (x 3.4.

small specimen x 2.5) Figure 105: Pusia infausta (Reeve). Fiji (x3.0) Figure 106: Pusia bemhardina (Roding). Fiji (x 2.6)
Figure 107: Pusia amabilis (Reeve). Fiji (x 3.3) Figure 108: Pusia corallina (Reeve). Fiji (x 2.5) Figure 109: Pusia semicostata
(Anton). Fiji (x 2.5) Figure 110: Pusia microzonias (Lamarck). Fiji (x 2.0) Figure 110a: Pusia microzonias (Lamarck), slen-

der form. Fiji (x 2.0) Figure 111: Pusia consanguinea (Reeve) Fiji (x 2.0)
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brown blotches; labral lirae number from 9-17, and the

base of the anterior canal is stained dark brown. Colum-

ella glazed, calloused, brown in colour, with 4 - 5 bluish-

white or violet columellar folds; base of shell with 5-9

prominent spiral cords which override the axial ribs and

are often granulose. Anterior canal produced, calloused,

slightly recurved towards the dorsum.

L: 34 to 47mm W: 28 to 34% A: 52 to 58%
Animal: Sole of foot cream, veined with dark grey;

dorsum of foot cream, densely speckled with yellowish-

orange. Siphon translucent grey, thickly flecked with dark

grey or black; tentacles translucent grey.

Type locality: Oceano indico.

Habitat: In coarse sand substrate and among weed, in

shallow water. Moderately rare live-collected, beach

specimens more frequent.

Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: Voluta subdivisa Gmelin, 1791 was a com-

posite species and Gmelin cited illustrations from Chem-
nitz for reference (1788; Vol. 10, pi. 151, figs. 1434-1437).

Lamarck (1811) realized that the four Chemnitz figures

represented two distinct species and restricted figures 1434

and 1435 to Mitra subdivisa and appended an additional

reference for this species from the "Encyclopedic metho-

dique" (1798; pi. 373, figs, la, lb). For the two remain-

ing Chemnitz figures Lamarck provided a description

and named the species Mitra costellaris (1788; pi. 151,

figs. 1436, 1437) ; he added two more references from the

"Encyclopedic methodique" (1798) and Gualtieri

(1742).

The species Vexillum subdivision (Gmelin) has often

been cited under the specific name V. lyratum (Lamarck,
1822) and the year of authorship has been shown as 1811.

Lamarck's citation of the vernacular "Mitre en lyre"

'1811, p. 206) has no standing in nomenclature and thus

V. lyratum cannot date from 1811 where the species was
clearly listed as Mitra subdivisa, a name validly established

by Gmelin and having a priority of 31 years over Mitra
lyrata Lamarck.

102. Vexillum subquadratum (Sowerby, 1874)

(Plate 19; Figure 87)

1874. Mitra subquadrata Sowerby, Thes. Conch., 4: 26: pi.

22, fig. 485

1882. Turricula (Costellaria) cadaverosa var. subquadrata

Tryon, Man. Conch., 4: 181
;
pi. 54, fig. 554

Shell: She ll moderately small, pyramidally-ovate, turreted

and fenestrate; white to cream in colour, ornamented
with a faint rosy-pink peripheral band on the body whorl;

occasional specimens have an additional transverse band

towards the base, and the interstices of the axial ribs are

rosy-pink. Sutures moderately impressed, whorls flattened

or slightly concave, angulate at sutures, numbering from 8

to 9 apart from protoconch of 2\ light-fawn nuclear

whorls; broad, angulate curved axial ribs cross whorls,

numbering from 11-14 on the body whorl and from

10-13 on the penultimate whorl; axial ribs become

spinose near the sutures. Very prominent, wavy spiral

ridges encircle the shell, ridges overriding axial ribs,

giving the shell an overall fenestrate appearance; the

interstices of the axial ribs near the sutures are deeply

pitted, pits becoming generally less pronounced with ma-

turity. Aperture equal in height or shorter than the spire,

outer lip obsolctely crimped, contracted basally, interior

of aperture white. Columella rose or light violet in colour,

with 4-5 prominent white oblique folds; anterior canal

calloused, straight or slightly recurved.

L: 17 to 22mm W: 40 to 44% A: 47 to 51%
Type locality: Red Sea and Mauritius.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Rare.

Distribution: North Viti Levu. - From the Red Sea

through the tropical Indo-Pacific to Polynesia and Hawaii.

Discussion: The species can be easily recognized by the

rasp-like sculpture of the axial ribs, the rosy or pinkish-

violet tint of the shell, the wavy spiral ridges and deep

pits in interstices.

The specimen figured here is slightly immature; for

recent illustrations see Habe, 1961 (pi. 34, fig. 15). The

shell illustrated by Tinker, 1958 (plate facing p. 156,

top row, figure on extreme right) as Mitra species from

Hawaii appears to be Vexillum subquadratum (Sowerby) .

103. Vexillum taeniatum (Lamarck, 1811)

(Plate 20; Figures 98, 98a, 98b, 98c, 98d)

1811. Mitra taeniata Lamarck (pars), Ann. Mus. Hist. Nat.,

17: 204, 205

1821. Mitra vittata Swainson, Zool. Illust, ser. 1, pi. 23

1845. Mitra fasciata "Martyn," Chenu, Univ. Conch., p. 26;

pi. 35, fig. 3 a

Shell: Shell moderately large, fusiformly-elongate, tur-

reted, fairly solid; body whorl transversely banded with

yellow or orange at the sutures, followed by a narrow

black zone, a broad white zone and another blackish-

brown zone; towards the base the ornamentation consists

of two yellow, orange or white bands and two narrow,

blackish-brown transverse zones. The penultimate and

earlier whorls are ornamented with a yellow or orange

transverse band posteriorly to the sutures and a white

transverse zone anteriorly to the sutures; the white zone

has usually an orange-brown spiral thread placed cen-
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trally. Whorls convex, slightly rounded or subangulate

at sutures, numbering from 10-12 apart from protoconch

of \\ nuclear whorls; distinct, rounded or angulate ribs

cross whorls, numbering from 6-14 on the body whorl

and from 9 - 20 on the penultimate whorl ; axial ribs may

become obsolete on the latter half of the body whorl in

some individuals. Interstices of axial ribs transversely

grooved, grooves numbering from 24 - 33 on the body

whorl if not obsolete, and from 8-12 on earlier whorls;

the spiral grooves may extend only halfway towards the

summits of the axial ribs, but in some specimens they

may be continuous and overriding ribs in places. Aperture

equal in height or longer than the spire, fusiform, narrow,

contracted basally, outer lip thickened, smooth, with 3-4
small brown spots on the edge of the lip; interior of

aperture whitish, cream or pale orange, with 5-21 labral

lirae. Columella cream to yellowish in colour, calloused

basally with 4 - 6 prominent, strong oblique folds ; anterior

canal narrow, elongate, recurved towards the dorsum,

base of shell spirally corded.

L: 43 to 69mm W: 28 to 35% A: 52 to 59%
Type locality: Ocean indien.

Habitat: In clean and muddy sand, among weed, in

shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: The species is variable in respect to sculpture

of whorls, interstices and density of axial ribs. In some

individuals the whorls are subangulate at the sutures,

while in others they are convexly rounded. The axial ribs

are either obsolete on the latter half of the body whorl, or

may be quite distinct almost to the outer lip. The inter-

stitial grooves are often placed at irregular intervals and

the intervening ridges are consequently either broad or

narrow; the spiral grooves bisect the axial ribs on the body
whorl and sometimes on the penultimate whorl, but are

short and confined to the interstices on earlier whorls. In

some individuals, however, the spiral grooves are short

throughout, and present only in the interstices of the axial

ribs. These sculptural variants are not confined to certain

populations in Fiji, but have been observed in 42 speci-

mens examined from various Viti Levu localities and
Vanua Levu ; the variation is thus individual and not eco-

logical. Specimens from Vanua Levu localities are pre-

dominantly dark orange in colouring.

Lamarck's original description of Mitra taeniata is

simple and uncomplicated
;
however, his reference to two

sets of figures is controversial, as it comprises two different

species. The two Chemnitz figures referred to by La-
marck (1788; Vol. 10, pi. 151, figs. 1444, 1445) depict a
moderately large, slender and fusiform shell, with whorls
which are angulate at the sutures, and spiral grooves

distinctly overriding axial ribs on the last three whorls;

these figures are the species later named Mitra regina

Sowerby, 1825. The two figures from the "Encyclopedic

methodique" (1798; pi. 373, figs. 7a, 7b) represent the

true Mitra taeniata, agreeing with Lamarck's original

diagnosis and type specimen extant in the Museum d'His-

toire Naturelle in Geneva. As pointed out under Mitra

coronata, photographs of the holotype were unobtainable,

but Dr. Binder compared photographs of variants of

Vexillum vittatum (Swainson) with Lamarck's type

specimen and made the following comments: "We have

Lamarck's only specimen, which measures 50 x 14 mm.

The shape is almost exactly as that of your specimen of

Mitra vittata Swainson [see Plate 20, Figure 98c]; the

shoulder of the last whorl is just a little bit less angular on

Lamarck's type. The sculpture is the same, with spiral

striae appearing between the ribs; the colour is dull

yellow, with one white band just above the suture, limited

by two purplish-brown lines, and another brown line

lower on the last whorl."

Various authors commented on the difficulty of sepa-

rating Vexillum taeniatum from V. vittatum, which in

itself is not surprising in view of both being variants of

one and the same species. From the 42 Fiji specimens

examined, individuals could be selected which would

agree almost in every detail with the type figures of V.

taeniatum or V. vittatum; intermediate specimens, how-

ever, are untypical of either form and represent the

connecting link between V. taeniatum and V. vittatum.

Dautzenberg (1935) illustrated the coarse-ribbed

form with subangulate whorls at the sutures and the

fine-ribbed form with more numerous axial ribs and con-

vexly rounded whorls at sutures under the specific name
Turricula vittata (Swainson).

104. Vexillum thaanumi Pilsbry, 1921

(Plate 21; Figures 102, 102a)

1921. Vexillum thaanumi Pilsbry, Proc. Acad. Nat. Sci. Phila.,

72: 316; pi. 12, fig. 31

Shell: Shell moderately small, ovately fusiform, light in

weight; white in colour, ornamented with a broad irreg-

ular orange-brown transverse band on the body whorl,

band varying in intensity of colour; a narrow part of the

band is discontinuous, the orange-brown stains confined

to the interstices of the axial ribs, and bordered with a

fine orange-brown line; earlier whorls with a single

orange-brown transverse band adjoining sutures, band
mostly confined to the interstices of the axial ribs and
bordered by a fine orange-brown spiral line. Sutures
moderately impressed, whorls slightly convex, subangulate
at sutures, numbering from 8 - 9 apart from protoconch
which was eroded in specimens examined

;
broad, coarse,
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angulate axial ribs cross whorls, ribs occasionally weak on

the latter half of the body whorl, numbering from 11-13

on the body whorl and from 10- 14 on the penultimate

whorl; axial ribs roundly nodulose at the sutures. Inter-

stices of axial ribs transversely grooved, grooves mostly

confined to interstices on early whorls, but extending to

the summits of the axial ribs on the body whorl. Aperture

equal in height or longer than the spire, convexly elon-

gate, blunt basally, outer lip moderately thickened and

smooth with 2-3 orange-brown spots ; interior of aper-

ture whitish, with about half a dozen labral lirae. Colum-

ella slightly calloused, white in colour, with 5 prominent

oblique folds; body whorl concave towards the base,

spirallv corded, anterior canal produced and calloused.

L: 16 to 25mm W: 34 to 36% A: 50 to 56%
(these morphometric data are from Hawaiian specimens

available for examination).

Type locality: Off Waikiki, Oahu, Hawaiian Islands, in

200-300 feet.

Habitat: Unknown.
Distribution: West Viti Levu. - Hawaii.

Very rare.

Discussion: The species has been believed to be endemic

to Hawaii; one dead specimen in fine state of preserva-

tion, with a full labial lip and colour pattern has been

dredged in from 10-13 fathoms at Momi Bay by A.

Jennings personal communication). The specimen is

immature. 16mm in length, 46% in width in relation to

shell-length, and with an aperture slightly longer than the

spire. The specimen agrees in all morphological characters

with specimens of Vexillum thaanumi seen from the

Hawaiian Islands.

Since no other specimens of Vexillum thaanumi have

been collected in Fiji, the above description is based on

shells from Hawaii (leg. C. Weaver) : the illustrated

adult specimen also came from Hawaii.

Mitra interstriata Sowerby, 1870, is rather similar to

Vexillum thaanumi, and a comparison of Sowerby's type

specimen with V. thaanumi should be undertaken.

105. Vexillum todilla (Mighels, 1848)

(Plate 21; Figure 104)

1848. Plcurotoma todilla Mighels, Proc. Boston Soc. Nat.

Hist.. 2: 24

Shell: Shell small, slender, fusiformly elongate; cream in

colour, ornamented with 2-3 transverse rows of dark

brown small blotches on the body whorl, and a single row
of blotches on earlier whorls; some specimens show a faint

brow n transverse zone on the body whorl, and on earlier

whorls the band adjoins the sutures. Whorls flattened to

slightly convex, rounded at the sutures, numbering from

8-9 apart from protoconch of 2 pale violet nuclear

whorls; elevated rounded axial ribs cross whorls, num-

bering from 25 - 34 on the body w horl and from 20 - 25

on the penultimate whorl. Interstices of axial ribs with

broad, flat spiral cords which cither extend to the summits

or override axial ribs; spiral cords number from 12-16

on the body whorl and from 5 - 8 on earlier whorls. Aper-

ture shorter than the spire, narrow, elongate, contracted

basally, outer lip moderately thin, smooth; interior of

aperture porcelain-white, lirate. Columella white with 4

to 6 close-set, prominent oblique folds; anterior canal

elongate and produced, with 5 - 6 strong spiral cords.

L: 10 to 16mm W: 26 to 30% A: 32 to 35%

Type locality: Sandwich Islands (Hawaii).

Habitat: In clean sand substrate and on coral-rubble

bottom, from 10- 15 fathoms.

Rare.

Distribution: West and South Viti Levu. - Hawaii.

Discussion: Occasional specimens show a faint narrow

white spiral band on the whorls.

106. Vexillum unifasciatum (Wood, 1828)

(Plate 18; Figure 74)

1828. Voluta unifasciata Wood, Index Testae, Suppl. pi. 3.

fig. 28

1844. Mitra clathrata Reeve, Conch. Icon., pi. 10, sp. 71 (non

Voluta clathrata Gmelin, 1791)

1874. Mitra fasciata Wood, Sowerby, Thes. Conch., 4: pi. 24,

fig. 532 (as synonym)

Shell: Shell very small, pyramidally-elongate, spire

pointed; ivory-white in colour, ornamented with a broad

deep chestnut-brown or reddish-brow n central transverse

zone on the bodv whorl and a single narrow transverse

band on earlier whorls, which generally adjoins the

sutures. Sutures moderately to deeply impressed, whorls

convex, rounded or subangulate at sutures, numbering

from 7-8 apart from protoconch which is usually eroded

in adult specimens; widely spaced, elevated, broad axial

ribs cross whorls, numbering from 10- 14 on the body

whorl and penultimate whorl; ribs slightly curved and

angulate, more elevated in the white zone of the whorls,

convexly nodulose at the sutures and faintly stained with

yellow. Interstices of axial ribs with deep spiral grooves,

grooves either barely extending to the summits of the axial

ribs or overriding these in some specimens; grooves num-

ber from 6 - 8 on the body whorl and from 4 - 5 on the

penultimate whorl. Aperture shorter than the spire, nar-

row, straight, constricted basally. outer lip moderately

thin, crimped, slightly reflected; interior of aperture white

w ith a brown median band and labral lirae. Columella

brown, becoming white anteriorly, with 4 white oblique

folds; body whorl basally constricted, anterior canal snow
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white, narrow, elongate. The columellar folds extend as

coarse granulose spiral cords onto the body whorl.

L: 14 to 17mm W: 39 to 41% A: 45 to 47%
Type locality: China.

Habitat: Dredged from coral-rubble and sand bottom in

deep water.

Rare.

Distribution: West Viti Levu. - From Mauritius through

the tropical Indo-Pacific to Fiji.

Discussion: Reeve (1844) presumed Voluta unifasciata

Wood to be a homonym of Mitra unifascialis Lamarck,

1811; according to the present rules of homonymy the

endings -ta and -lis are sufficiently different to prevent

homonymy.

Reeve's Mitra ciathrata is a secondary homonym of

Gmelin's Voluta ciathrata, which is a Mitra species from

the American Ocean [fide Gmelin, 1791).

The specimen illustrated here is very similar to Sower-

by's figure of that species (1874; pi. 27, fig. 616).

107. Vexillum verrucosum (Reeve, 1845)

(Plate 19; Figure 84)

1845. Mitra verrucosa Reeve, Conch. Icon, pi. 29, sp. 232

Shell: Shell moderately small, fusiformly-elongate
;
ivory

white in colour, ornamented with a pale brown central

band which is often interrupted in the form of blotches,

and flecked with light brown. Spire turreted, sutures

weakly impressed, whorls convex, slightly angulate at

sutures, numbering from 8-9 apart from protoconch of

2 glassy-white nuclear whorls; elevated spiral ridges en-

circle the shell, numbering from 9 - 14 on the body whorl

and 2 on the penultimate whorl; spiral ridges are bisected

by axial ribs, numbering from 8 - 1 5 on the body whorl

;

the axial ribs form sharp spinose nodules at the point of

intersection with the spiral ridges, which are generally

lined with dark brown. Interstices of spiral ridges are

prominently or obsoletely axially striate and usually have

additional 1 - 3 intermediate fine spiral threads; the very

early whorls are not nodulose but have 3 - 4 distinct spiral

ridges and axial ribs in interspaces. Aperture equal in

height or longer than the spire, narrow, elongate, outer lip

thickened, undulate; interior of aperture porcelain-white.

Columella white, slightly calloused, with 5 - 7 close-set,

oblique folds; aperture pointedly rounded at the base,

anterior canal slightly calloused and straight.

L: 14 to 27mm W: 34 to 39% A: 53 to 61%
Type locality: Island of Ticao, Philippines.

Habitat: In clean sand substrate, from - 4 fathoms.

Uncommon.

Distribution: Throughout the Fiji Islands. - Philippine

Islands.

Discussion: The species has prominent spiral ridges, axial

riblets in interstices, an elongate, narrow, fusiform aper-

ture and lacks axial plications and labral lirae. These

characteristics are more representative of the subgenus

Cancilla than of the genus Vexillum, and the species

would probably be more appropriately placed in the sub-

genus Cancilla under Mitra.

108. Vexillum vulpecula (Linnaeus, 1758)

(Plate 20; Figure 89; Text figure 10)

1758. Voluta vulpecula Linnaeus, Syst. Nat., ed. 10, p. 732,

no. 365

1798. Vexillum superbum Roding, Mus. Bolten., p. 139

1845. Mitra rugata "Martyn," Chenu, Univ. Conch., p. 26;

pi. 35, fig. 2

1874. Mitra umbrosa Sowerby, Thes. Conch., 4: 30; pi. 9,

fig. 123

1935. Turricula vulpecula var. pervariabilis Dautzenberg,

Mem. Mus. Roy. Hist. Nat., 2(17) : 140; pi. 3, figs. 9

to 12

1935. Turricula vulpecula var. simulans Dautzenberg, Mem.

Mus. Roy. Hist. Nat. 2(17): 141 ;
pi. 3, fig. 8

Shell: Shell moderate in size, elongate, turreted, spire

pointed
;
extremely variable in colour, but generally orange

in colour, banded with white and black, or black in colour

and banded with orange or white; some individuals are

brown in colour and with or without transverse bands.

Sutures moderately impressed, whorls convex, rounded

or rarely subangulate at sutures, numbering from 8-10
apart from protoconch which is purplish but usually

eroded ; elevated broad, coarse axial ribs cross whorls, ribs

angulate or rounded, more prominent but blunt near the

sutures, occasionally very weak or obsolete on the latter

half of the body whorl; axial ribs number from 6-12 on

the body whorl and from 9 - 15 on the penultimate whorl.

Moderately deep spiral grooves encircle the shell, grooves

override axial ribs and terminate as spiral cords towards

the base; grooves number from 21 - 26 on the body whorl

and from 2 - 7 on the penultimate whorl. Aperture equal

in height or longer than the spire, narrow, straight and
slightly angulate, waisted centrally and constricted basally;

outer lip thick, smooth, edge of lip with 2-3 blackish-

brown or purplish-brown spots. Interior of aperture white,

violet or greyish, generally with a purplish-brown blotch

near the commencement of the aperture and outlet of the

siphonal canal; labral lirae prominent, numbering from
4- 14. Columella calloused, glazed, with 3-5 prominent

oblique folds, first fold thick, oriented transversely to the

aperture; anterior canal produced and calloused, fairly

straight.
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L: 34 to 55mm W: 34 to 39% A: 54 to 63%

Animal: Sole of foot cream, variegated with grey, mi-

nutely spotted with yellow; dorsum of foot creamy-yellow,

spotted with bright yellow and irregular clusters of

white spots; the foot is streaked with grey at the edges.

Siphon cream, transversely irregularly marbled with grey,

minutely spotted with yellow; tentacles short, whitish,

axially faintly lined with light grey, base of tentacles

whitish; eyes black.

The male verge is cream or fawnish-grey, broad at the

base, with a knee-like bend, gradually tapering towards

the distal end which is narrowly blunt. The verge is finely

transversely striated and reposes in a shallow depression of

the body, located behind the right tentacle. The verge is

about 7mm long from base to distal end.

Figure 10

Vexillum vulpecula (Linnaeus, 1758). Fiji.

a. row of radular teeth; approximately x250

b. dorsal view of penis and cross section

Radula: The radular ribbon of specimens examined was

3.5 to 4.0mm in length for a shell size of 40 to 45mm; the

width of the ribbon averaged 0.4mm. The number of rows

varied from 50 to 60, nascentes excluded. The central

tooth is narrow, long and comb-like, with 13 narrow

pointed cusps, gradually tapering away in size towards the

ends of the comb. The laterals are only about half the size

of the central tooth and are curved and hook-like; they

partially overlap the centrals and persist without varia-

tion almost throughout the whole length of the radular

ribbon.

Type locality: O. Asiatico.

Habitat: In clean and muddy sand substrate, in sand-

pockets of coral reefs, from 0-4 fathoms.

Common.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: Specimens found in muddy sand are generally

dark blackish-brown with two or three whitish, yellowish

or orange transverse bands on the body whorl, and occa-

sional specimens are smooth on the latter half of the body

whorl. The species is extremely variable in colour and

sculpture of axial ribs, and consequently received its fair

share of varietal names.

Cotton (1957) equates Vexillum vulpecula (Lin-

naeus) with V taeniatum (Lamarck, 1811). The latter

is quite distinct and bears only a superficial resemblance

to V. vulpecula.

Vexillum is a noun of neuter gender and the species has

been cited in literature as Vexillum vulpeculum on the

assumption that vulpeculum is an adjective. Vulpecula

(= little fox) is the diminutive of the noun vulpes and

should remain in this combination as Vexillum vulpecula.

109. Vexillum zebuense (Reeve, 1844)

(Plate 19; Figures 88, 88a)

1844. Mitra zebuensis Reeve, Conch. Icon., pi. 10, sp. 73

1850. Mitra rorata Gould, Proc. Boston Nat. Hist. Soc, 3: 171

1852. Mitra rorata Gould, U. S. Expl. Exp., p. 272; pi. 20,

figs. 354, 354a

1860. Mitra rufomaculata Souverbie, Joum. Conchyl., 8: 321;

pi. 11, fig. 9 (in errore fig. 8 on plate)

1874. Mitra praetexta Sowerby, Thes. Conch., 4: 33; pi. 12,

fig. 198

Shell: Shell moderately small, elongate-ovate or fusiform

and turreted; white or light bluish-grey in colour, orna-

mented with irregular dark brown axial streaks and

blotches. Sutures moderately impressed, whorls flattened

to convex, last 3 - 4 whorls occasionally angulate at

sutures, but earlier whorls convexly rounded, numbering

from 8 - 9 apart from protoconch of 2 glassy-brown

nuclear whorls; elevated and angulate axial ribs cross

whorls, ribs angulate or rounded on summits, numbering

from 12-32 on the body whorl and from 12-31 on the

penultimate whorl. Interstices of axial ribs with moder-

ately deep spiral grooves which become pits in close-ribbed

specimens
;
grooves either short and confined to interstices

or continuous and bisecting axial ribs, forming small fine

nodules on the axial ribs at point of intersection; spiral

grooves number from 15 - 20 on the body whorl and from

4 - 8 on the penultimate whorl. Aperture about equal in

height to the spire, narrow, angulate, outer lip moderately

thin, smooth, slightly constricted centrally and narrowing

towards the base; interior of aperture either porcelain-

white or stained dark brown towards the interior, with 7

to 19 labial lirae. Columella white, slightly calloused,

with 5-6 white oblique folds; anterior canal spirally

corded, pointed and straight.

L: 14 to 28mm W:^33 to 38% A: 46 to 53

%

Animal: Sole of foot cream, edges of foot irregularly

streaked with light yellow; dorsum of foot white. Siphon
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white, irregularly variegated with large zones of black

and small streaks of yellow; tentacles translucent white,

finely mottled with yellow towards the distal end, base

translucent white and mottled with yellow; eyes black.

Type locality: Island of Zebu, Philippine Islands.

Habitat: In clean sand substrate, in sand pockets of coral

reefs and lagoons, in shallow water.

Uncommon in North Viti Levu, moderately rare else-

where.

Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Polynesia.

Discussion: The species is very variable in sculpture of

whorls and axial ribs. The body whorl is rounded at the

suture in some specimens and distinctly angulate in others;

the axial ribs can be narrow and close-set or wide-spaced

and broadly angulate. In some individuals the axial ribs

are finely noduled and bear a row of blunt nodules on the

presutural ramp.

Mitra rufomaculata is the form of Vexillum zebuense

with the body whorl angulate at the suture, with the axial

ribs less numerous and the interstitial striae well defined.

The most frequent specimens of V. zebuense are about

30mm in length, with convexly rounded whorls, numerous

axial ribs and with the intercostal spaces reduced to deep

pits. The various forms listed in the synonymy occur

frequently within a restricted locality in Fiji.

The species appears to have been reported under the

name Vexillum salmoneum (Sowerby, 1874) from Fiji

by Cate & Burch, 1964.

110. Vexillum species

(Plate 21; Figure 100)

Shell: Shell moderate in size, slender, fusiform, light in

weight ; white in colour, ornamented with bright red axial

ribs and two narrow spiral bands on the body whorl and a

single band on earlier whorls. Sutures moderately im-
pressed, whorls convex, rounded at the sutures, numbering
from 10-11 apart from a brown protoconch; elevated

and curved axial ribs cross whorls, ribs narrow, angulate,

numbering from 11-14 on the penultimate and body

whorls. Interstices of axial ribs broad, concave, with

very fine moderately deep and close-set spiral grooves,

grooves numerous, bisecting axial ribs and forming small

fine nodules on the summits, grooves numbering from 27

to 36 on the body whorl and from 7 - 1 3 on the penulti-

mate whorl. Aperture about equal in height to the spire,

narrow and elongate, constricted basally, outer lip moder-

ately thin, smooth ; interior of aperture white, stained with

violet-brown basally and with 5-8 labral lirae. Columella

calloused, violet-brown basally, with 4 prominent oblique

folds; anterior canal violet-brown, spirally corded, pro-

duced and straight.

L: 32 to 42mm W: 26 to 30% A: 50 to 54%
Habitat: Dredged on sand and coral bottom substrate,

from 5-7 fathoms.

Rare.

Distribution: South Viti Levu. - ?

Discussion: The species is delicate in texture, with slender,

red-coloured axial ribs which are finely granulose on the

body whorl. There is a certain similarity to Mitra stain-

forthi Reeve, 1844, in form and sculpture, but this species

has broad and coarse axial ribs, which are ornamented

with four or five rows of red spots upon the summits. In

Vexillum species the red colour of the axial ribs is inter-

rupted by only two ill-defined white spiral lines on the

body whorl and one such line on the earlier whorls. The
species is known from 10 specimens collected at Bay of

Islands, Suva Harbour (leg. M. Freitag) and the main

Suva reef (leg. R.F.Browne).

Pusia Swainson, 1840

Type species by monotypy Mitra microzonias

Lamarck, 1811.

1840. Tiara (Pusia) Swainson, Treat. Malac, 127: 320

1853. Thala H. & A. Adams, Genera Rec. Moll., 1: 178

Characteristics: Shell small, depressed, elongate-ovate or

ovate, generally solid, whorls axially plicate or nodulose,

rarely smooth, sutures plain, tuberculate or coronate, spi-

Explanation of Plate 22

Figure 112: Vexillum semifasciatum (Lamarck). Fiji (x 2.0) Figure 113: Vexillum antoncllii (Dohrn). Fiji (x 2.0)

Figure 113a: Vexillum antonellii (Dohrn) , black form. Fiji (x 2.0) Figure 114: Vexillum deshayesi (Reeve), specimen from clean

sand-substrate from offshore reefs. Fiji (x 2.25) Figure 114a: Vexillum deshayesi (Reeve), fine-ribbed specimen with prominent
spiral grooves, from muddy-sand substrate, on shore reefs. Fiji (x 3.0) Figure 115: Vexillum coronatum (Helbling). Fiji (x 2.0)

Figure 116: Vexillum obtusispinosum (Sowerby). Fiji (x 2.5) Figure 117: Vexillum echinatum (A. Adams). Fiji (x 2.0)

Figure 118: Pusia crocata (Lamarck). Fiji (x 2.0) Figure 118a: Pusia crocata (Lamarck), juvenile specimen. Fiji (x 2.5)

Figure 119: Pusia aureolata (Reeve). Fiji (x 2.4) Figure 119a: Pusia aureolata (Reeve), specimen with prominent and continuous

spiral grooves. Fiji (x2.4) Figure 120: Pusia cumingi (Reeve). Fiji (x 2.3) Figure 121: Pusia cancellarioides (Anton). Fiji (x2.0)

Figure 121a: Pusia cancellarioides (Anton), juvenile specimen. Fiji (x 2.7) Figure 122: Pusia luculcnta (Reeve). Fiji (x 3.0)

Figure 123: Pusia tuberosa (Reeve). Fiji (x 2.0)
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rally striate or ridged, spire thickened, outer lip thick

or thin, aperture convexly rounded and usually constricted

basally, lirate within, columella obliquely plicate, anterior

canal short. Shell covered with a thin periostracum.

111. Pusia adamsoni (Reeve, 1844)

(Plate 23; Figure 125)

1844. Mitra adamsoni Reeve, Conch. Icon., pi. 19, sp. 150

Shell: Shell moderately small, roundly ovate, somewhat

inflated, solid, heavy; brown to chestnut-brown or reddish-

brown in colour, ornamented with one or two narrow

creamy-white transverse bands on the body whorl, and a

single, often interrupted spiral band on earlier whorls;

some specimens arc flecked with white or brown on the

whorls. Sutures moderately impressed, whorls convex,

slightly angulate at sutures, numbering from 7 - 8 apart

from protoconch which is eroded in adult specimens;

coarse, angulate, curved axial ribs cross whorls, numbering

from 22 - 34 on the body whorl. Interstices of axial ribs

with deep spiral grooves, grooves either extending to the

summits of the axial ribs or overriding these in places;

grooves number from 1 1 - 15 on the body whorl and from

4 - 7 on the penultimate whorl, and become continuous,

bisecting axial ribs and forming distinct small nodules

towards the base. Aperture equal in height or slightly

longer than the spire, outer lip bow-shaped, thickened,

slightly crimped ; the interior edge of the outer lip stained

with brown, deep interior creamy-white, and with 9-13

labral lirae. Columella yellowish-white, calloused, with

4-5 prominent oblique folds, the first fold very large,

oriented transversely to aperture ; area between columellar

folds generally brown, and columella occasionally orange

in colour. Base of shell with 3-4 distinct spiral cords,

anterior canal calloused.

L: 25 to 31 mm W: 50 to 55% A: 52 to 56%
Type locality: Isle of Capul, Philippine Islands.

Habitat: Under coral rocks on sand substrate, in shallow

and deeper water.

Rare.

Distribution: South Viti Levu. - From Mauritius

through the tropical Indo-Pacific to Polynesia and Hawaii.

112. Pusia amabilis (Reeve, 1845)

(Plate 21; Figure 107)

1845. Mitra amabilis Reeve, Conch. Icon., pi. 33, sp. 274

Shell: Shell small, ovate, solid; deep green to yellowish

green in colour, ornamented with a broad white or cream

transverse band on all whorls. Sutures moderately im-

pressed, whorls convex, subangulate at sutures, numbering
from 6-7 apart from protoconch of 1J-2 dark purple

nuclear whorls; prominent broacl, angulate, obliquely

placed axial ribs cross whorls, numbering from 13 - 23 on

the body whorl and from 14-21 on the penultimate

whorl. Narrow, deep spiral grooves encircle the shell,

grooves bisecting axial ribs, coloured orange in the white

zones and dark purple in the greenish-grey zones
;
grooves

number from 9-12 on the body whorl and from 3-5

on the penultimate whorl. Aperture equal in height or

longer than the spire, narrow, convexly rounded, slightly

contracted basally, outer lip thickened, faintly undulate at

the edge; interior of aperture dark greenish-grey, with a

light transverse band and 2 - 9 labral lirae. Columella

calloused, dark greenish-brown in colour, with 3 - 4

prominent oblique folds; basal half of body whorl nodu-

lose, first columellar plait extends as a prominent

granulose spiral cord onto the body whorl.

L: 8 to 13mm W: 50 to 62% A: 50 to 56%
Animal: Sole of foot light grey, densely flecked with

blackish-grey; dorsum of foot blackish-grey, finely spotted

with light grey. Siphon black, flecked with light grey;

tentacles translucent cream, base of tentacles blackish-

grey, flecked with light grey.

Type locality: Islands of Ticao and Capul, Philippines.

Habitat: Under coral rocks on sand substrate, and in sand

pockets of coral reefs, from 0-1 fathom.

Uncommon.
Distribution: Througout the Fiji Islands. - From the

Red Sea through the tropical Indo-Pacific to Polynesia.

113. Pusia aureolata (Reeve, 1844)

(Plate 22; Figures 119, 119a)

1844. Mitra aureolata Reeve, Conch. Icon., pi. 26, sp. 210

1844. Mitra affinis Reeve, Conch. Icon., pi. 27, sp. 211

1923. Mitra (Pusia) aweolata var. bizonalis Dautzenberg &

Bouge, Journ. Conchyl., 67: 222 (non Columbclla bi-

zonalis Lamarck, 1822)

Shell: Shell small, elongate, pyramidally-ovate, fairly

light in weight; yellow to orange in colour, ornamented

with one to three white transverse bands on the body

whorl and a single band on earlW whorls; some speci-

mens lack the white transverse bands. Sutures deeply

impressed, whorls convex, angulate at sutures, numbering

from 8-9 apart from protoconch of 2 - 3 white nuclear

whorls ; elevated, roundly angulate axial ribs cross whorls,

numbering from 11-16 on the penultimate and body

whorls; ribs nodulose at sutures and on periphery of body

whorl, nodules occasionally whitish. Interstices of axial

ribs spirally deeply grooved, grooves almost extending to

the summits of the axial ribs; base of shell spirally corded,

cords prominently nodulose. Aperture equal in height or

shorter than spire, outer lip moderately thin and crimped,

convexly rounded and constricted basally; interior of
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aperture pale orange, with 5-10 labral lirac. Columella

cream or yellowish in colour, with 4-5 whitish oblique

folds; body whorl contracted at base, anterior canal

pointed, slightly longer than the outer lip.

L: 11 to 18mm W: 44 to 48% A: 42 to 49%
Type locality: Island of Masbate, Philippines.

Habitat: Under coral rocks on sand substrate, from 0-7
fathoms.

Moderately rare.

Distribution: Throughout the Fiji Islands - From the

Gulf of Oman through the tropical Indo-Pacific to Poly-

nesia and Hawaii.

Discussion: The species is variable in sculpture, and the

interstitial grooves may be either short or extend to the

summits of the axial ribs. In view of the variability of the

species, Tiara multicostata Broderip, 1836 may prove to

be a variant and would be the earliest possible name
applicable to the species.

114. Pusia bernhardina (Roding, 1798)

(Plate 21; Figure 106)

1791. Voluta patriarchalis var. /? Gmelin, Syst. Nat., ed. 13, p.

3460

1798. Mitra bernhardina Roding, Mus. Bolten., p. 136

1811. Mitra muriculata Lamarck, Ann. Mus. Hist. Nat., 17:

216

Shell: Shell small, ovate, with the last three whorls
produced into a pointed spire; yellowish-brown to green-

ish-brown colour, ornamented with white nodules at the
sutures. Sutures moderately impressed, whorls straight,

angulate at sutures, numbering from 5 - 7 apart from pro-
toconch of 2 white nuclear whorls; nodulose spiral cords
encircle the shell, numbering from 8-13 on the body
whorl and from 2 - 4 on the penultimate whorl. Irregular
axial grooves bisect spiral ridges, giving the shell a
nodulose appearance; whorls with extremely fine axial
striae, prominent blunt white coronations at the sutures,
numbering from 6 - 8 on the body whorl and from 5 - 7
on the penultimate whorl. Aperture longer than the spire,

convexly elongate, narrow, outer lip thickened and
crimped; interior of aperture dark fawn or brown. Col-
umella calloused, brownish in colour, with 3 - 4 oblique
folds; anterior canal spirally corded, calloused.
L: 10 to 19mm W: 51 to 65% A: 56 to 66%
Type locality: None.
Habitat: Under coral rocks on sand substrate, in shallow
and deeper water.

Rare.

Distribution: South Viti Lcvu. - From East Africa

through the tropical Indo-Pacific to Fiji.

Discussion: Mitra muriculata Lamarck, 1811 is an ob-

jective synonym of M. bernhardina. Roding, 1798; both

authors cited the same single reference from Chemnitz

(1788; Vol. 10, pi. 150, fig.1427).

115. Pusia cancellarioides (Anton, 1839)

(Plate 22; Figures 121, 121a)

1823. Mitra nodosa Swainson, Philos. Mag. & Journ., 62: 401

(non Mitra nodosa Borson, 1820)

1839. Mitra fraga Kiener, Spec. Gen. Icon. Coq. Viv., p. 91

:

pi. 27, fig. 87 (non Quoy & Gaimard, 1833)

1839. Mitra tuberculata Kiener, Spec. Gen. Icon. Coq. Viv.,

Errata, p. 119, 120 (nom. nov. pro M. fraga Kiener,

1839)

1839. Mitra cancellarioides Anton, Verzeichn. Conch., p. 68,

no. 2358

1840. Tiara nodosa Swainson, Treat. Malac, 127: 319

Shell: Shell small, roundly or rhomboidally ovate, heavy,

ponderous; generally white in colour, occasionally cream

or yellowish throughout. Sutures deeply impressed, whorls

concave centrally, rounded at sutures, numbering from

5 - 7 apart from protoconch of If nuclear whorls; body

whorl with 6-9 transverse rows of large nodules, the pen-

ultimate whorl with 2-3 rows. Fine, moderately shallow

punctate striae encircle the shell, numbering from 16-24

on the body whorl and from 8-15 on the penultimate

whorl; whorls obsoletely axially striate. Aperture equal

in height or slightly longer than the spire, small, narrow,

outer lip very thick and smooth, narrowing basally;

interior of aperture yellowish with 9-14 labral lirae.

Columella calloused basally, white in colour, concave,

with 4 columellar folds which diminish in size towards

the base; first columellar fold large, oriented transversely

to the aperture. Anterior canal short, truncated.

Juvenile shells are creamy white in colour, ornamented

with yellow, orange or greenish transverse bands on the

body whorl.

L: 15 to 21 mm W: 60 to 63% A: 52 to 56%
Animal: Sole of foot yellow; dorsum of foot creamy-white.

Siphon creamy-white, finely spotted with snow-white;

tentacles short, cream in colour and tipped with yellow,

base of tentacles cream
;
eyes black.

Type locality: None.
Habitat: Under coral rocks on sand substrate, in sand

pockets of coral reefs, in shallow water.

Rare.

Distribution: Southeast Viti Levu. - From the Red Sea
through the tropical Indo-Pacific to Polynesia and Hawaii.
Discussion: Mitra cancellarioides Anton has to replace
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the preoccupied Mitra nodosa Swainson. The species has

not been illustrated by Anton; however, his clear and

precise description which is repeated here, is as good as

a figure:

"canccllarioidcs mihi, spitz oval, fast rhomboed-

risch. bauchig, in der Mitte am breitesten; 5-6

Windungcn, die untcrstc halb so gross wie das Ganze;

mit 7 Reihen Tuberkcln, die vorlctzte mit 2 Reihen,

die obern mit eincr; gelb, braun gebandcrt; Miin-

dung lang; Spindel mit 3 Falten, oberstc sehr gross,

zw cite massig gross, dritte lamellenartig, sammtlich

weit in die Miindung hereinstehend (wie bei der

Gattung Cancellaria) . Ahnlich der Mitra patriarch-

alls. Br. 4- H. 7"'. "

All important morphological characters have been

mentioned by Anton : the almost rhomboidal obese form,

the last whorl being half the length of the shell and

sculptured with 7 row s of tubercles, while the penultimate

whorl has 2 rows and the earlier ones one row only; the

gradual reduction in size of the columellar folds towards

the base has been well described, but the colour pattern

mentioned by Anton would suggest a slightly immature

specimen.

The text of Anton's description dates from August to

October. 1838, whereas the title page is dated 1839.

116. Pusia consanguinea (Reeve, 1845)

(Plates 21 and 23; Figures 111 and 137)

1845. Mitra consanguinea Reeve, Conch. Icon., pi. 30, sp. 241

1882. Turricula (Pusia) dermestina var. consanguinea Tryon,

Man. Conch., 4: 183: pi. 54, fig. 566

1895. Mitra (Pusia) dermestina Melvill & Standen, Shells

Lifu, 1: 103 (non Lamarck, 1811)

1962. Pusia pardalis consanguinea Kira, Shells West. Pacif.,

p. 94; pi. 34, fig. 1

Shell: Shell small, ovate, solid; orange-brown to dark

reddish-brown in colour, ornamented with a central row

of regular white spots situated upon the axial ribs on the

body whorl, and a row of smaller spots at the sutures

and towards the base; earlier whorls with two rows of

small spots. Sutures deeply impressed, whorls very slightly

convex, roundly subangulate at sutures, numbering from

7 - 8 apart from protoconch which is eroded in adult spe-

cimens; elevated, slightly oblique axial ribs cross whorls,

ribs rounded on the summits, numbering from 13 - 19 on
the body whorl and from 17-22 on the penultimate

whorl. Axial ribs appear faintly nodulose at the sutures

where they are spotted with white or cream; base of shell

generally with 3-4 spiral rows of whitish to light orange
nodules. Interstices of axial ribs spirally grooved, grooves

very fine, microscopically punctate in some specimens, and

extending almost to the summits of the axial ribs; grooves

number from 10-20 on the body whorl and from 3-7

on the penultimate whorl. Aperture longer than the spire,

narrow, outer lip thickened, smooth, convexly rounded;

interior of aperture whitish or very pale grey. Columella

brownish with 4 prominent oblique folds: the first fold is

very large and oriented transversely to the aperture.

Anterior canal calloused, short and straight.

L: 11 to 18mm W: 55 to 63% A: 57 to 64%
Type locality: None.

Habitat: Under coral rocks on sand substrate, in shallow

water.

Rare.

Distribution: North and Southeast Viti Levu. - From

Mauritius through the tropical Indo-Pacific to Polynesia

and Hawaii.

Discussion: Lamarck's original description of Mitra der-

mestina (1811, p. 221 ) lacks citation of figures; his diag-

nosis identifies the shell as ovate, axially ribbed with inter-

costal transverse striae, chestnut-brown in colour, macu-

lated with white, and with 4 columellar folds. Lamarck
comments on the close similarity to Mitra microzonias

Lamarck, 1811, but says that it differs from the latter

in having more prominent spiral striae. This latter feature

has been observed to be rather variable in specimens

examined from Fiji and Lamarck's M. dermestina ap-

pears to be a variant of M. microzonias rather than Pusia

consanguinea (Reeve).

Pusia pardalis (Kuster) is somewhat similar to P.

consanguinea, but it is a more slender species with a

slightly longer aperture and less prominent axial ribs,

which become generally obsolete on the latter half of the

body whorl. In P. consanguinea the axial ribs of the body

whorl are elevated, prominent, close-set, numerous and

finely noduled at the sutures; in P. pardalis the sutures

are plain.

The colour pattern of Pusia pardalis consists of large

irregular white blotches, about 5 - 7 in number, which are

placed centrally on the body whorl; in some specimens

these blotches are connected by irregular lines. In P.

consanguinea the white spots on the body whorl are

comparatively small, numerous (10-14). and placed

with geometrical precision upon the summits of the axial

ribs ; the sutures bear an additional row of small white or

light orange spots on the axial ribs.

117. Pusia corallina (Reeve, 1845)

(Plate 21; Figure 108)

1845. Mitra corallina Reeve, Conch. Icon., pi. 39. ?p. 330a.

330b

Shell: Shell very small, fusiform, light in weight; orange

or red in colour throughout. Sutures moderately im-
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pressed, whorls convex, rounded at sutures, numbering

from 8-9 apart from protoconch ; broad, angulate axial

ribs cross whorls, numbering from 6-10 on the body

whorl and from 12- 16 on the penultimate whorl. The

shell is smooth and shiny, and the numerous, close-set,

fine spiral striae are only visible under magnification.

Aperture slightly shorter than the spire, narrow, outer

lip slightly thickened and smooth, straight, contracted

basally; interior of aperture reddish, with 10-17 very

fine but prominent labral lirae. Columella calloused,

reddish in colour, with 4 prominent oblique folds; base

of shell encircled with 3-6 spiral cords, anterior canal

slightly recurved.

L: 12 to 16mm W: 34 to 38% A: 45 to 48%
Type locality: Island of Masbate, Philippines.

Habitat: On coral bottom and sand substrate, in deeper
water.

Rare.

Distribution: South Viti Levu. - From the Philippine

Islands to Fiji.

Discussion: The species is similar to Pusia semicostata

(Anton), which is rather distinct in colour pattern,

broader, with more convex and ventricose whorls and
more prominent spiral striae.

118. Pusia crocata (Lamarck, 1811)

(Plate 22; Figures 118, 118a)

1791. Voluta nodulosa Gmelin (pars), Syst. Nat., ed. 13, p
3453

1811. Mitra crocata Lamarck, Ann. Mus. Hist. Nat., 17: 202
1836. Tiara aurantia Broderip, Proc. Zool. Soc. London, pt.

3: 196 (non Voluta aurantia Gmelin, 1791)
1844. Mitra concinna Reeve, Conch. Icon., pi. 26, sp. 203
1844. Mitra pyramidalis Reeve, Conch. Icon., pi. 26, sp. 208
1844. [?] Mitra flavescens Reeve, Conch. Icon., pi. 26, sp. 207

Shell: Shell small, ovate to pyramidally-ovate, light in
weight; orange, reddish-orange or light reddish-brown in
colour, ornamented with a narrow white transverse band
on the body whorl and earlier whorls; the white bands
generally extend over two or three transverse cords and
are placed on the third or fourth cord anteriorly to the
suture on the body whorl, while on earlier whorls the
band generally adjoins the sutures. Sutures moderately
impressed, whorls flattened, almost perpendicular, angu-
late at sutures, numbering from 9-10 apart from proto-
conch which was missing in all specimens examined-
strong, roundly angulate axial ribs cross whorls, numbering
from 13 - 18 on the body whorl and penultimate whorl
Ihe axial ribs are bisected by strong elevated spiral cords
numbering from 10 - 17 on the body whorl and from 3 to
5 on earlier whorls; axial ribs bear round nodules at point
of intersection of spiral cords and axial ribs, and on the

second row anteriorly to the sutures nodules become

triangular projections. Aperture about equal in height to

the spire, occasionally slightly shorter or longer, outer lip

convex, thin and crimped; interior of aperture pale orange

or cream, with 3 - 8 labral lirae. Columella cream in

colour, with 4 - 5 oblique folds, interspaces of folds stained

orange; the columellar folds extend as nodulose spiral

cords onto the body whorl. Base of shell constricted,

anterior canal slightly calloused.

L: 15 to 23mm W: 42 to 48% A: 46 to 55%
Type locality: Indes orientales.

Habitat: Under coral rocks on sand and reef substrate,

on coral-rubble bottom in shallow and deeper water.

Distribution: West and South Viti Levu. - From Mau-

ritius through the tropical Indo-Pacific to Polynesia and

Hawaii.

Discussion: A very variable species which received

numerous specific names. Some specimens are more elon-

gate than others, and have a reddish-brown transverse

band on the penultimate and body whorls; occasional

specimens have interrupted white spiral lines.

Voluta nodulosa Gmelin, 1791 was a composite species;

the figure cited by Gmelin from Gualtieri (1742; pi.

52, fig. G) for his Voluta nodulosa was later separated by

Lamarck as Mitra crocata. Gmelin's var. /? of Voluta

nodulosa is the Mitra granulosa Lamarck, 1811. The
Gualtieri figure cited by Lamarck (I.e.) together with

his adequate diagnosis allow an unequivocal interpretation

of the species.

119. Pusia cumingi (Reeve, 1844)

(Plate 22; Figure 120)

1844. Mitra cumingii Reeve, Conch. Icon., pi. 10, sp. 67

Shell: Shell small, ovate, acuminate at spire and base,

light in weight; orange in colour, ornamented with

irregular white zones, consisting of merging blotches and
narrow white transverse bands, and close-set dark brown
transverse lines. Sutures moderately impressed, last 2 - 3
whorls concave, angulate at sutures, numbering from 7-8
apart from protoconch which was eroded in specimens
examined; elevated, broad, angulate axial ribs cross

whorls, ribs spinose on the presutural ramp, and obsoletely

nodulose or undulate on the summits of the axial ribs,

numbering from 15-18 on the penultimate and body
whorls. Interstices of axial ribs smooth, with shallow short
spiral grooves or hardly discernible shallow depressions;
the shoulder between the presutural ramp and the suture
is sculptured with 2 or 3 coarse spiral ridges; the lower
half of the body whorl is spirally corded, cords prominent
and nodulose. Aperture equal in height or slightly longer
than the spire, moderately broad, convexly rounded,
constricted basally; outer lip moderately thin and obso-
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letely crimped, interior of aperture cream, yellow or pale

orange, with 5 - 9 labral lirae. Columella cream in colour

with 4-5 prominent whitish and oblique folds; anterior

canal spirally corded, produced, acuminate and straight.

L: 15 to 19mm W: 45 to 48% A: 51 to 55%
Type locality: Matnog, province of Albay, Island of

Luzon.

Habitat: Dredged on sand and coral-rubble bottom sub-

strate, from 5 to 7 fathoms.

Rare.

Distribution: South Viti Levu. - From the Philippine

Islands through the tropical Pacific to Polynesia and

Hawaii.

Discussion: The species lacks the numerous elevated and

prominent spiral cords of Pusia crocata (Lamarck), and

appears to have fewer, but more concave whorls, apart

from displaying a different colour pattern; in all other

respects the two species are similar. As both species are

sympatric in Fijian localities and inhabit a similar eco-

logical zone, the possibility of the two species being

actually conspecific should not be excluded; the compar-

ative rarity of both species in Fiji precludes more detailed

comparisons in this respect.

120. Pusia infausta (Reeve, 1845)

(Plate 21; Figure 105)

1845. Mitra infausta Reeve, Conch. Icon., pi. 39, sp. 326

1888. Mitra fulvosulcata Melvill, Journ. Conch. London,

5: 287; pi. 2, fig. 25

Shell: Shell very small, roundly-ovate to elongate-ovate;

cream or light straw-yellow in colour, ornamented with

small reddish-brown spots or short transverse lines upon
the summits of the axial ribs; occasional specimens bear

a white or pale orange-brown transverse band on the body
whorl. Sutures deeply impressed, whorls convex, roundly

angulate at sutures, numbering from 7-8 apart from
protoconch of 2 - 2J creamy-white nuclear whorls; close-

set, elevated, angulate axial ribs cross whorls, ribs slightly

curved, numbering from 16-22 on the body whorl and
from 16-20 on the penultimate whorl. Fine, moderately
deep spiral grooves encircle the shell, grooves bisecting

axial ribs and forming small reddish-brown spots or

transverse lines upon the summits of the ribs: grooves

number from 10- 15 on the body whorl and from 4-6
on the penultimate whorl. Aperture about equal in height

to the spire, outer lip moderately thin, smooth or obso-

letely crenulate, convexly rounded, contracted basally;

interior of aperture creamy-white or light fawn, with 6-12
labral lirae. Columella same colour as the aperture, with
3 - 4 oblique folds; anterior canal short, calloused, spirally

corded and straight.

L: 8 to 13mm W: 42 to 49% A: 46 to 52%
Type locality: Island of Ticao, Philippines.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Rare.

Distribution: North and South Viti Levu. - From the

Philippine Islands to Fiji.

121. Pusia luculenta (Reeve, 1845)

(Plate 22; Figure 122)

1845. Mitra luculenta Reeve, Conch. Icon., pi. 30, sp. 245

1867. Mitra graeffi Crosse, Joum. Conchyl., 15: 297; pi. 11,

fig. 6

1874. Mitra nigrofasciata Sowerby, Thes. Conch., 4: 23; pi.

22, figs. 468, 469

Shell: Shell small, ovate, solid, apex rounded; very dark

brown to purplish-black in colour, ornamented with two

or three whitish, yellow or orange transverse bands of

varying widths on the body whorl, and a single band on

earlier whorls. Sutures moderately impressed, whorls con-

vex, rounded at sutures, numbering from 5-7 apart from

protoconch which is always eroded; elevated, broad, an-

gulate axial ribs cross whorls, ribs straight or oblique,

numbering from 10 - 16 on the body whorl and from 10

to 17 on the penultimate whorl. Base of shell with 3-5
rows of distinct nodules; interstices of axial ribs finely

striate, striae generally obsolete on the body whorl. Aper-

ture about equal in height or longer than the spire, outer

lip thickened, smooth, constricted near commencement
of aperture and towards the base; interior of aperture

purple, with 2 - 3 white bands and 5-11 short labral

lirae. Columella calloused, purplish-brown in colour, with

3 brown oblique folds; anterior canal truncated, calloused.

L: 8 to 15mm W: 50 to 60% A: 53 to 60%
Animal: Sole of foot purplish-grey, edge of foot bright

yellow; dorsum of foot grey, edges bright yellow. Siphon

dark grey, flecked with white, distal end banded with

bright yellow; tentacles thin, translucent white, flecked

with grey, base of tentacles dark grey, eyes black.

Type locality: Philippine Islands.

Habitat: Under coral rocks on sand and reef substrate,

in shallow water.

Moderately uncommon.
Distribution: Throughout the Fiji Islands. - From the

Philippine Islands to Samoa.

Discussion: Fiji specimens are very similar to the form
Mitra graeffi Crosse, which was described by its author
from Samoa; they resemble this form in being almost
black and having whitish or yellowish transverse bands.

The species, however, is very variable in colour and in

the width of the light transverse zones on the body whorl.
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Dautzenberg & Bouge (1923) list the following spe-

cies as variants of Mitra luculenta Reeve: M. montrou-

zieri Tapparone-Canefri, 1874 (fine-ribbed, red-lined

variant), M. laevizonata Sowerby, 1874 (smooth form),

Mitra (Pusia) accincta Sowerby, 1907 (pale form),

M. (Pusia) luculenta var. albida Dautzenberg & Bouge,

1923 (albino form) and M. (P.) luculenta var. nigra

Dautzenberg & Bouge, 1923 (melanistic form). None

of these varieties have been collected in Fiji, with the

exception of the latter variety; however, the axial ribs

are distinct and the shell is not smooth as in the form

Pusia nigra.

122. Pusia microzonias (Lamarck, 1811)

(Plate 21; Figures 110, 110a)

1791. Voluta sulcata Gmelin, Syst. Nat. ed. 13, p. 3455 (non

Gmelin, 1791, p. 3436; non Tiara sulcata Swainson,

1831)

1811. Mitra microzonias Lamarck, Ann. Mus. Hist. Nat., 17:

218

1811. [1] Mitra dermestina Lamarck, Ann. Mus. Hist. Nat.,

17: 221

1836. Tiara semiplicata Broderip, Proc. Zool. Soc. London, pt.

3: 197

1852. Pusia sulcata var. bifasciata Morch, Cat. Yoldi, p. 84

(non Mitra bifasciata Swainson, 1822)

Shell: Shell small, elongate-ovate to ovate, acuminate

towards spire and base, fairly solid; chocolate-brown to

dark reddish-brown in colour, ornamented with a narrow

white transverse band on the body whorl, band adjoining

sutures on earlier whorls; axially elongate or round

white spots appear on the axial ribs of the body whorl,

but are occasionally absent in some individuals. Sutures

moderately impressed, whorls convex, numbering from
7-9 apart from protoconch of 2 white nuclear whorls;

blunt or angulate axial ribs cross whorls, ribs often

obsolete on the latter half of the body whorl, numbering

from 5-15 on the body whorl and from 14-25 on the

penultimate whorl; in some individuals the axial ribs

are bluntly nodulose at the sutures. Interstices of axial

ribs with fine spiral striae, striae occasionally overriding

axial ribs, numbering from 12 - 18 on the body whorl and
from 5-11 on the penultimate whorl ; base of shell with

3-8 rows of nodulose spiral cords and smooth cords at

the base. Aperture equal in height or longer than the

spire, outer lip moderately thickened, convexly elongate

or rounded and smooth; interior of aperture whitish

and prominently lirate. Columella calloused, whitish, with

4 - 5 prominent oblique folds ; anterior canal slightly

calloused and straight.

L: 13 to 25mm W: .36 to 50% A: 49 to 57%
Type locality: Ocean indien.

Habitat: Under coral rocks on sand and reef substrate,

from to 2 fathoms.

Uncommon as live-collected specimens, beach specimens

more frequent.

Distribution: Throughout the Fiji Islands. - From Indo-

nesia through the tropical Indo-Pacific to Polynesia.

Discussion: This is one of the most variable species en-

countered in Fiji. Specimens will range from broad to

slender, with axial ribs quite prominent to the edge of

the outer lip on the body whorl, or axial ribs may be

obsolete on the latter two-thirds or one-half of the body

whorl; the majority of specimens has a "knotted" spiral

band on the body whorl, while in some specimens the

band appears as a white narrow line; the nodulose spiral

cords may extend almost half-way towards the suture

from the base on the body whorl.

Specimens labelled Pusia leucodesma (Reeve) in local

collections are not that species but just individual variants

of the highly variable Pusia microzonias (Lamarck).

123. Pusia pardalis (Kuster, 1841)

(Plate 23; Figure 126)

1841. Mitra pardalis Kuster, Conch. Cab., p. 105; pi. 17,

figs. 14, 14*, 15

Shell: Shell small, elongate-ovate, moderately solid; dark

reddish-brown in colour, ornamented with a central trans-

verse row of irregular large white blotches on the body

whorl and slightly triangular blotches adjoining sutures

on earlier whorls; the body whorl has additional smaller

spots at the sutures and small orange dots towards the

base. Sutures moderately to deeply impressed, whorls

convex, rounded at sutures, numbering from 7-8 apart

from protoconch which was eroded in specimens exam-

ined; slightly elevated broad axial ribs cross whorls, ribs

angulate, often obsolete on the latter half of the body

whorl, numbering from 10-14 on the body whorl and

from 18-22 on the penultimate whorl. Interstices of

axial ribs spirally striate, striae often obsolete on the body

whorl ; base of shell with 3-4 spiral rows of small pale

orange nodules. Aperture slightly longer than the spire,

moderately narrow, outer lip slightly thickened, smooth,

convexly elongate, contracted basally: interior of aper-

ture pale violet or violet-grey, edge of outer lip brown,

with 5-9 labral lirae. Columella light brown with 4

prominent whitish and oblique folds, first fold large and
oriented transversely to the aperture; anterior canal cal-

loused, spirally corded, straight.

L: 13 to 17mm W: 48 to 52% A:54 to 58%
Type locality: Java.

Habitat: Under coral rocks on sand substrate, in shallow

water.

Rare.
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Distribution: Southeast Viti Lcvu. - From East Africa

through the tropical Indo-Pacific to Fiji.

124. Pusia patriarchalis (Gmelin, 1791)

(Plate 23; Figure 127)

1791. Voluta patriarchalis Gmelin, Syst. Nat., ed. 13, p. 3460

Shell: Shell moderately small, broad, ovate, solid but light

in weight for its size ; white to cream in colour, ornamen-

ted with a broad reddish-brown central transverse band

on the bodv whorl and a narrow, generally interrupted

spiral band adjoining sutures on earlier whorls. Sutures

moderately deep, whorls slightly concave, angulate at

sutures, numbering from 7-8 apart from protoconch;

broad, elevated, subangulate axial ribs cross whorls, ribs

prominent, spinose at sutures, numbering from 9-13 on

the body whorl and from 11-14 on the penultimate

whorl ; ribs become obsolete towards the base of the body

whorl. Moderately deep smooth spiral grooves encircle

the shell, numbering from 12 - 16 on the body whorl and

from 4 - 6 on the penultimate whorl
; fine, close-set axial

lirae cross the body whorl and the penultimate whorl,

but do not intrude into the spiral grooves. Base of shell

with 6 - 8 spiral rows of white nodules, nodules becoming
wider spaced towards the center of the body whorl, and
intruding into the reddish-brown central transverse zone.

Aperture moderately broad, somewhat angulate at point

of commencement, convexly rounded towards the base;

interior of aperture pale orange to orange-brown, with
ID - 15 prominent labral lirae. Columella calloused, same
colour as aperture, with 4 oblique folds, first anterior fold

conspicuously larger and oriented transversely to aperture;

anterior canal moderately calloused, straight, somewhat
pointed.

L: 22 to 27mm W: 59 to 64% A: 54 to 60%
Type locality: Oceano indico.

Habitat: In sand substrate and on coral-rubble bottom, in

deeper water.

Rare.

Distribution: South and West Viti Levu. - From East

Africa through the tropical Indo-Pacific to Polynesia and

Hawaii.

Discussion: Lamarck has been usually credited with the

authorship of this species. Gmelin's references to figures

for his Voluta patriarchalis are identical with those of

Lamarck (Chemnitz, 1788, Vol. 10; pi. 150, figs. 1425,

1426). Lamarck (1811, p. 216) cited an additional

reference for a juvenile specimen of Mitra patriarchalis

(1798, pi. 374, figs, la, lb) ; the latter reference is the

species later called Mitra tuberosa Reeve, 1845.

Pusia tuberosa (Reeve), which is the more frequent

species in Fiji, and P. patriarchalis (Lamarck) look

superficially alike, but have sufficient morphological

characteristics to be separated specifically; the more ob-

vious differentiating characters are given in Table 4.

125. Pusia semicostata (Anton, 1839)

(Plate 21; Figure 109)

1839. Mitra semicostata Anton, Verzeichn. Conch., p. 69

1841. Mitra semicostata, Kuster, Conch. Cab., pi. 14, figs.

20, 21

Shell: Shell small, elongate-ovate, light in weight; white

in colour, body whorl and early whorls orange-brown,

interstices of axial ribs with short orange-brown streaks.

Sutures moderately impressed, whorls convex, ventricose,

rounded at sutures, numbering from 8-9 apart from pro-

toconch which was eroded in all specimens examined;

Table 4

Characters Pusia patriarchalis Pusia tuberosa

Mean length

Mean length of aperture

Colour of bands

Axial ribs

Whorls

Sculpture

Aperture

Columellar folds

Anterior canal

24mm
57% of Length

reddish-brown or brow n

subangulate, spinose at suture

concave

smooth spiral grooves

moderately broad, interior

with labral lirae

first fold rather large

pointed

15 mm
63% of Length

greenish-brown or olive-brown

rounded, nodulose at suture

flattened to convex

elevated spiral ridges

very narrow, interior smooth

folds about equal in size

truncated
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broad and coarse axial ribs cross whorls, ribs angulate

towards the summits, obsolete on latter half of body

whorl, but visible towards the base, numbering from 4-11

on the body whorl and from 13 - 15 on the penultimate

whorl. Fine, shallow spiral striae encircle the whorls, striae

overriding axial ribs, becoming obsolete on the central part

of the body whorl, numbering from 13-18 on the body

whorl and from 7-11 on the penultimate whorl ; base

of shell with narrow spiral cords. Aperture slightly shorter

than the spire, narrow, elongate, constricted at anterior

third and contracted basally; outer lip moderately thin,

simple, interior of aperture pale orange or cream, with

10 - 15 labral lirae. Columella cream in colour, calloused,

with 4 prominent white oblique folds; anterior canal

somewhat produced, spirally corded, longer than the

outer lip, fairly straight.

L: 13 to 17mm W: 37 to 40% A: 47 to 50%
Type locality: None.

Habitat: Dredged on sand and coral-rubble bottom sub-

strate, from 5 to 7 fathoms.

Moderately rare.

Distribution: South Viti Levu. - ?

Discussion: The body whorl is uniformly orange-brown,

with only a small white zone intruding near the periphery

a short distance past the aperture; the three subsequent

whorls are white, with only short orange-brown streaks

situated in the interstices of the axial ribs, and early

whorls are orange-brown again.

126. Pusia tuberosa (Reeve, 1845)

(Plate 22; Figure 123)

1811. Mitra patriarchalis Lamarck (pars), Ann. Mus. Hist.

Nat., 17: 216 (spec, junius)

1845. Mitra tuberosa Reeve, Conch. Icon., pi. 30, sp. 237 a,

237b

Shell: Shell small, elongate-ovate to ovate, heavy, solid,

apex rounded ; white in colour, ornamented with a broad

olive-green to olive-brown transverse central band and a

slightly narrower band towards the base; earlier whorls

generally ornamented with a narrow band which adjoins

the sutures. Sutures moderately to deeply impressed,

whorls flattened or slightly convex, angulate at sutures,

numbering from 5 - 6 apart from protoconch which is

always eroded in adult specimens; elevated narrow spiral

ridges encircle the shell, numbering from 10 - 14 on the

body whorls and from 3 - 4 on the penultimate whorl.

Broad, wide-spaced, coarse axial ridges cross whorls,

ridges confined to the white presutural zone on the body

whorl, nodulose at sutures, becoming generally obsolete

towards the base; axial ridges number from 10 - 13 on the

body whorl and from 7-10 on the penultimate whorl.

Interstices of spiral ridges cancellated with elevated axial

striae, striae often overriding spiral ridges, giving the shell

a granulose appearance ; occasional specimens have longi-

tudinal grooves on the body whorl extending from suture

to base. Aperture much longer than the spire, very

narrow, outer lip thick, crenulate, fairly straight, rounded

basally; interior of aperture smooth, greenish, greyish or

purplish-brown in colour, with a narrow white band near

the juncture of aperture and columella. Columella cal-

loused, same colour as aperture, with regular oblique

folds; anterior canal distinctly calloused and truncated.

L: 12 to 18mm W: 56 to 63% A: 60 to 65%
Type locality: Island of Zebu, Philippine Islands.

Habitat: Under coral rocks, on sand substrate, from - 2

fathoms.

Moderately rare.

Distribution: West and South Viti Levu. - From Mau-
ritius through the tropical Indo-Pacific to Polynesia and

Hawaii.

Discussion: The species is clearly separable from Pusia

patriarchalis (Gmelin) ; for further details see discussion

under that species.

Dautzenberg & Bouge (1923; p. 247) treated Pusia

patriarchalis and P. tuberosa as distinct species and

pointed out the most important characters by which they

can be distinguished.

Explanation of Plate 23

Figure 124: Vexillum lubens (Reeve). Fiji (x 2.5) Figure 125: Pusia adamsoni (Reeve). Fiji (x 1.65) Figure 126: Pusia pardalis

(Kuster). Fiji (x 3.0) Figure 127: Pusia patriarchalis (Gmelin). Fiji (x 1.85) Figure 128: Pterygia nucea (Gmelin). Fiji (x 1.0)

Figure 129: Pterygia fenestrata (Lamarck). Fiji (x 2.0) Figure 130: Swainsonia casta (Gmelin). Fiji (x 1.25) Figure 131: Imbri-

caria conularis (Lamarck). Fiji (x 2.0) Figure 132: Pterygia crenulata (Gmelin). Fiji (x 2.0) Figure 133: Imbricaria punctata

(Swainson). Fiji (x 2.4) Figure 133a: Imbricaria punctata (Swainson), flat-spired variant. Fiji (x 2.4) Figure 134: Pterygia

dactylus (Linnaeus) . Fiji (x0.75) Figure 135: Swainsonia olivaeformis (Swainson). Fiji (x 2.0) Figure 136: Pterygia conus

(Gmelin) - after Reeve, 1844. Figure 137: Pusia consanguinea (Reeve), juvenile specimen. Fiji (x 3.25)
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Figure 133 a Figure 134 Figure 135 Figure 136 Figure 137

Walter O. Cernohorsky, photo.
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Cylindromitrinae

Pterygia Roding, 1798

Type species by subsequent designation (Dall, 1915)

Pterygia nucella Roding, 1798 = Pterygia dactylus (Lin-

naeus, 1767)

.

1798. Pterygia Roding, Mus. Boltcn., p. 51

1817. Cylindra Schumacher, Essai Nouv. Syst., p. 236 (non

Cylindra Illicer, 1802)

1884. Cylindromitra E Fischer, Man. Conch., 7: 614

1929. Acuticylindra Iredale, Mem. Old. Mus., 9(3) : 287

1963. Pterigia Shikama, Selec. shells world, 1: 93; pi. 75

Characteristics: Shell cylindrically-ovate, solid, thick, spire

short, conical, whorls smooth or sculptured with spiral

ridges, outer lip thick, elongate, simple or crenulate,

aperture moderately wide or narrow, columella generally

calloused and with numerous oblique plaits, anterior

canal short. Shell covered with a thin or moderately

thick periostracum.

Discussion: The subfamilial name Cylindromitrinae is

presently in use for a group of Mitrid species comprising

the genera Cylindromitra (= Pterygia) , Imbricaria and

Sivainsonia. Despite the change of the nominal type-genus

Cylindromitra P Fischer, 1884, to the prior Pterygia

Roding, 1 798, because of synonymy, the subfamilial name
Cylindromitrinae must be retained. Article 40 of the Code
of the I.C. Z.N. (1961) rules that a name in the family

group is not to be changed and continues to be a valid

name of the family group taxon, if the nominal type-

genus is rejected as a junior synonym (objective or sub-

jective) after 1960. As far as could be ascertained, the

name "Pterygiinae" has not been published to-date for

a subfamily of Mitridae, whereas Cylindromitrinae has

been published prior to 1960 (Cotton, 1957).

The genus Pterygia Roding, 1798, is to replace Cylind-

romitra of P. Fischer, 1884, as type-genus of the subfamily

Cylindromitrinae.

127. Pterygia conus (Gmelin, 1791)

(Plate 23; Figure 136)

1791. Voluta conus Gmelin, Syst. Nat. ed. 13, p. 3449 (fig. in

Chemnitz, 1788, 10: 163. pi. 150, figs. 1415, 1416)

1798. Pterygia conoidea Roding, Mus. Bolten., p. 53

1811. Mitra conulus Lamarck, Ann. Mus. Hist. Nat., 17: 213

(fig. in Tabl. Encycl. meth., 1798, pi. 382, figs. 2a, 2b)

Shell: Shell moderate in size, conical, solid, spire short

and pointed; whitish in colour, ornamented with dark

brown spiral lines. Spire concave, sutures moderately im-

pressed, whorls flattened to concave, numbering from 7 to

8 apart from protoconch; dark brown, narrow and occa-

sionally punctate spiral grooves encircle the shell, grooves

becoming spiral ridges basally. Shoulder of shell angulate,

spire prominently granulosr, granulations occasionally

extending to the shoulder of the body whorl. Aperture

long, moderately broad, outer lip thick, smooth, slightly

constricted, interior of aperture porcelain-white. Colum-

ella calloused, white in colour, with 5 - 6 prominent

oblique folds; anterior canal straight.

L: 36mm W: 49% A: 75%
(from Philippine specimen)

Type locality: None.

Habitat: In clean sand substrate, in shallow water.

Very rare.

Distribution: North Viti Levu. - Indonesia, Philippines.

Discussion: The species is known from only one beach-

worn specimen collected at Manava Island, North Viti

Levu [leg. J. Farkas). Another specimen was collected

in the same locality by the author, but was lost a short

time later. Dodge (1955) reported a specimen from Viti,

Fiji Islands, and another specimen with a "Fiji" label is

preserved in the United States National Museum (Dr.

J. P. E. Morrison, in litt.).

Dodge {I.e.) urged the re-introduction of the earliest

available name for this species, i. e. Bulla conoidea Lin-

naeus, 1767. Linnaeus' description is detailed, but lacks

citation of figures and locality indications. One cannot

help but agree with Dodge that the Linnaean diagnosis

applies to Pterygia conus (Gmelin) and the placement

in the genus Bulla by Linnaeus is a mystery. The phrase

"suturis crenulatis" used by Linnaeus excludes the spe-

cies Imbricaria conularis (Lamarck) , which has a smooth

spire, whereas Pterygia conus is strongly granulose. Chem-
nitz (1788, Vol. 10; pi. 150, figs. 1415, 1416) described

the species as "Voluta conoidea Voluta conus." Gmelin

(1791) adopted Voluta conus, while Roding (1798)

listed the species as Pterygia conoidea.

The modern taxonomical trend is to have all Linnaean

names suppressed if they arc unsupported by a citation

of illustrations and subdescriptions. The original diagnosis

of Bulla conoidea, however, strongly suggests it to be the

same species as Pterygia conus (Gmelin); furthermore,

Linnaeus' description is not applicable to any other species

of the subfamily Cylindromitrinae.

128. Pterygia crenulata (Gmelin. 1791)

(Plate 23; Figure 132)

1791. Voluta crenulata Gmelin, Syst. Nat., ed. 13, p. 3452

1817. Cylindra coronata Schumacher, Essai Nouv. Syst.. p.

236 (non Voluta coronata Hflrling, 1779; non Mitra

coronata Lamarck. 181 H
1929. Cylindromitra crenulata tolcranda Iredale, Mem. Qld.

Mus., 9(3) : 287; pi 31, fig. 19
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1929. Cylindromitra fastidiosa Iredale, Mem. Qld. Mus.,

9(3): 287; pi. 31, fig. 20

1962. Pterygia conus Gmelin. Abbott, Seashells of world, p.

96, fig. lower left (non Voluta conus Gmelin, 1791)

Shell: Shell moderately small, cylindrically-elongate, solid,

spire short; ivory-white or cream in colour, generally

ornamented with four to six narrow, orange to orange-

brovvn, interrupted transverse zones on the body whorl,

and spots and blotches of the same colour on the spire;

in some specimens the transverse zones coalesce and form

large longitudinal zones on the body whorl, almost obscu-

ring the whitish base colour. Sutures deeply impressed,

finely crenulate, whorls flattened or very slightly concave,

numbering from 6-7 apart from protoconch of 1\ - 2

glassy-white nuclear whorls; numerous, close-set punctate

spiral grooves encircle the shell, grooves shallow or mod-

erately deep, numbering from 27 -42 on the body whorl

and from 2 - 4 on the penultimate whorl. Close-set longi-

tudinal grooves bisect spiral grooves, giving the shell a

slightly granulose appearance ; the spiral ridges are either

obsolete or prominent, depending on the depth of the

spiral grooves. Aperture much longer than the spire,

narrow, elongate, outer lip thick, faintly crenulate, interior

of aperture white. Columella white, with 7-9 prominent

oblique folds; anterior canal straight.

L: 15 to 32mm W: 39 to 46% A: 84 to 88%
Type locality: Oceano indico.

Habitat: In clean sand substrate, on sand banks and in

lagoons, in shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From the

Red Sea through the tropical Indo-Pacific to Polynesia

and Hawaii.

Discussion: Pterygia fastidiosa (Iredale) has been de-

scribed as a smaller and more slender shell (39% of

length
) , with only 8 or 9 columellar plaits in comparison

with the 6 or 7 plaits in P. crenulata; the spiral grooves

on the body whorl are said to number from 40 - 50 in P.

fastidiosa instead of 30, as in P. crenulata, and the spirals

on the penultimate whorl number 4 instead of the 2 as in

P. crenulata. These diagnostic features on which P. fastidi-

osa was based are among the most variable in most species

of Mitridae, and are well represented in individuals of

populations of P. crenulata from Fiji.

129. Pterygia dactylus (Linnaeus, 1767)

(Plate 23; Figure 134)

1767. Voluta dactylus Linnaeus, Syst. Nat., ed. 12, p. 1188,

no. 401

1798. Pterygia nucella Roding, Mus. Bolten., p. 53
1844. Mitra obesa Reeve, Conch. Icon., pi. 12, figs. 87 a, 87 b
1959. Pterygia doctylus Kira, Col. Illust. shells Japan, 1: 86;

pi. 33, fig. 16

Shell: Shell moderately large, cylindrically-ovate, heavy,

solid, spire short, pointed; whitish to cream in colour,

ornamented with three or four brown or fawn, sometimes

interrupted transverse bands on the body whorl and

brown axial streaks and blotches on the spire. Sutures

moderately impressed, whorls flattened to slightly convex,

numbering from 5-6 apart from protoconch of 2 - 3

glassy-white nuclear whorls; shallow spiral striae encircle

the shell, striae dark brown in colour, numbering from 20

to 27 on the body whorl and from 2 - 4 on the penultimate

whorl. Irregular axial ridges cross whorls, extending to

the shoulder of the body whorl and becoming somewhat

obsolete towards the base. Aperture much longer than the

spire, widening towards the base, outer lip very thick,

smooth, fairly straight; interior of aperture porcelain

white. Columella heavily calloused, white in colour, with

6-7 prominent oblique folds ; anterior canal calloused,

truncated and straight.

In juvenile specimens the juncture of aperture and
spire is higher than in adult specimens.

L: 25 to 52mm W: 55 to 60% A: 82 to 87%
Type locality: India.

Habitat: In clean sand substrate, on sand banks and in

lagoons, in shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From the

Indian region through the tropical Indo-Pacific to Poly-

nesia.

130. Pterygia fenestrata (Lamarck, 1811)

(Plate 23; Figure 129)

1811. Mitra fenestrata Lamarck (pars), Ann. Mus. Hist. Nat.,

17:212

1844. [?] Mitra glans Reeve, Conch. Icon., pi. 24, sp. 192,

fig. 191

Shell: Shell small, cylindrically-ovate, solid, spire short;

white in colour, ornamented with dark reddish-brown
narrow spiral bands on all whorls. Sutures deeply im-

pressed, whorls flattened or slightly convex, numbering
from 5-6 apart from protoconch of l|-2 white nuclear

whorls; moderately elevated, step-like spiral ridges en-

circle the shell, numbering from 13 - 17 on the body whorl
and from 2 - 3 on the penultimate whorl, summits of

ridges lined with dark reddish-brown. Irregular, broad
and almost obsolete axial ridges bisect the spiral ridges,

numbering from 14 - 29 on the body whorl and from 13

to 19 on the penultimate whorl. Aperture much longer

than the spire, narrow, elongate, outer lip thick, undu-
lately crenulate; interior of aperture porcelain-white,

rarely light bluish-white. Columella calloused, white in

colour, with 8 - 9 close-set and prominent oblique folds;

anterior canal straight.
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L: 19 to 27mm W: 46 to 52% A: 84 to 90%
Type locality: Mers de l'lnde.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From the

Andaman Islands through the tropical Indo-Pacific to

Polynesia.

Discussion: The longitudinal ridges are either ill-defined

or elevated and prominent; the transverse reddish-brown

lines are continuous or interrupted.

Lamarck's Mitra fenestrata was a composite species;

his first reference (1798; pi. 372, figs. 3a, 3b) is a good

illustration of the species he described. The second refer-

ence to Gualtieri (1842; pi. 28, fig. P) is identical with

Linnaeus' only reference for Pterygia dactylus. The

Gualtieri figure is very inappropriate for either P. dac-

tylus or P. fenestrata ; the small and round, geometrically

arranged dark spots on the spiral lines of the body

whorl are a puzzling feature, and the figure could possibly

represent a juvenile shell of P. dactylus. Lamarck's de-

scription in conjunction with the figure from the "Encyc-

lopedic Methodique" clearly identifies the species Pterygia

fenestrata.

131. Pterygia nucea (Gmelin, 1791)

(Plate 23; Figure 128)

1781. Voluta nucea Gronovius, Zoophyl. Gron. Icon. Expl.,

pi. 18, fig. 11 (non binominal)

1791. Voluta nucea Gmelin, Syst. Nat., ed. 13, p. 3449

1811. Mitra olivaria Lamarck, Ann. Mus. Hist. Nat., 17: 202

Shell: Shell moderate in size, cylindrically-ovate and

ventricose, solid, heavy; white or cream in colour, orna-

mented with one or two dark brown narrow transverse

bands on the body whorl, and spiral rows of small brown

spots on all whorls; the dark brown transverse bands are

often interrupted or even absent. Sutures moderately im-

pressed, whorls slightly convex, numbering from 6-7
apart from protoconch which is nipple-like and consists

of 1^-2 nuclear whorls; early whorls with 7-10 spiral

striae, striae becoming generally obsolete on the penulti-

mate and body whorls. The sutures are sculptured with

very small nodules which are often lined with orange-

brown ; base of body whorl with weak spiral cords. Aper-

ture much longer than the spire, broad, flaring basally,

edge of outer lip moderately thickened, with 8-12 small

brown-lined nodules; interior of aperture porcelain-white.

Columella calloused, white in colour, with 5-6 prominent

oblique folds; anterior canal short, straight, outer lip

generally longer than the anterior canal.

L: 34 to 54mm W: 46 to 55% A: 71 to 76%

Type locality: None.

Habitat: In clean sand substrate, in lagoons and on

sand banks, in shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Swainsonia H. & A. Adams, 1853

Type species by monotypy

Mitrella olivaeformis (Swainson, 1821)

— Swainsonia olivaeformis (Swainson, 1821)

1831. Mitrella Swainson, Zool. Illust.. ser. 2, pi. 54 (non

Mitrella Risso, 1826)

1853. Swainsonia H. & A. Adams, Gen. rec. Moll., 1: 180

(nom. nov. pro Mitrella Swainson, 1831)

Characteristics: Shell small, oliviform. smooth, shiny,

occasionally puncto-striate, spire shorty pointed, aperture

long, narrow, outer lip thick, smooth, often longer than

the anterior canal, columella obliquely plicate. Shell

covered with a uniformly thin or band-like periostracum.

Discussion: Cossman's (1899) designation of Mitra

(Swainsonia) fissurata (Lamarck, 1811) as type species

of Swainsonia H. & A. Adams, 1853, appears to be invalid

according to article 67 (i) of the Code of I.C.Z. N.,

which requires that a genus proposed in replacement for

a prior nominal genus must have the same type species.

The generic name Swainsonia was proposed as a replace-

ment name for the preoccupied Mitrella Swainson,

1831; however, no type species was originally designated

by H. & A. Adams; Swainson's original nominal type spe-

cies Mitra olivaeformis was placed by H. & A. Adams
in the genus Imbricaria Schumacher.

132. Swainsonia casta (Gmelin, 1791)

(Plate 23; Figure 130)

1 786. Voluta casta Solander in Lightfoot, 1786 (nom. nud.)

1791. Voluta casta Gmelin, Syst. Nat., ed. 13, p. 3453 (non

Mitra casta H. Adams, 1872)

1817. Mitra matronalis Schumacher, Essai Nouv. Syst., p. 239

1853. Mitra laevis A. Adams, Proc. Zool. Soc. London, pt

19: 132

1933. Mitra (Swainsonia) fasciata "Martyn," Dautzenberg

& Bouge, Journ. Conchyl., 77(2) : 166 (non Sowerby,

1874)

Shell: Shell moderate in size, slender, elongate, spire

pointed ; white in colour, ornamented with a broad chest-

nut-brown band on the body whorl and a narrower band
of the same colour on the penultimate whorl. Sutures

moderately impressed, shallow in some specimens, whorls
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flattened to slightly convex, numbering from 7-8 apart

from protoconch of 2 glassy-white nuclear whorls; early

whorls longitudinally plicate and spirally puncto-striate,

the penultimate whorl in small specimens bears 2-4

punctate spiral lines, and most specimens are smooth on

the body whorl. Aperture longer than the spire, narrow,

elongate, outer lip thickened, smooth ; interior of aperture

porcelain-white. Columella white, with 5-6 very promi-

nent oblique folds, which extend for a short distance onto

the body whorl ; base of shell with shallow spiral grooves,

outer lip pointedly rounded basally and slightly longer

than the anterior canal.

L: 25 to 42mm W: 30 to 33% A: 61 to 67%
Type locality: Amboina.

Habitat: In clean sand substrate, on sand banks, in

shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From East

Africa through the tropical Indo-Pacific to Polynesia.

Discussion: The brown spiral bands are actually an over-

lying epidermis and are fugitive; portions of the bands

may be partly worn off even during the animal's life,

or may be removed during cleaning.

Voluta casta Solander in Lightfoot, 1786, is a nomen
nudum.

133. Swainsonia olivaeformis (Swainson, 1821)

(Plate 23; Figure 135)

1821. Mitra olivaeformis Swainson, Zool. Illust., ser. 1, pi. 48

1831. Mitrella olivaeformis Swainson, Zool. Illust., ser. 2,

pi. 54

1839. Mitra dactyloidea Anton, Verzeichn. Conch., p. 68

Shell: Shell small, oliviform, slender; yellow in colour,

with a dark purple apex and anterior canal. Sutures

moderately impressed, whorls convex, numbering from
5-8 apart from protoconch of 2 dark purple nuclear

whorls ; shell either smooth or encircled with 1-6 punc-

tate spiral grooves on the body whorl, and about 2 grooves

on the penultimate whorl. Some specimens are longitudi-

nally plicate on earlier whorls and occasionally for a

short distance anteriorly to the suture on the body whorl.

Aperture much longer than the spire, very narrow, outer

lip thickened, smooth, pointedly rounded basally; interior

of aperture yellowish. Columella yellowish, with 5 prom-
inent columellar folds, folds white or light purple in

colour, last 4 folds extending onto the body whorl; ante-

rior canal straight, purplish in colour.

L: 10 to 21mm W: 37 to 41% A: 66 to 72%
Type locality: None.

Habitat: In clean sand substrate, in sand pockets of coral

reefs, in shallow water.

Moderately common.

Distribution: Throughout the Fiji Islands. - From the

Philippine Islands through the tropical Pacific to Polynesia

and Hawaii.

Discussion: The species occurs in widely separated colo-

nies in Fiji, and when encountered, it is usually frequent.

The punctate spiral grooves on some specimens of

Swainsonia olivaeformis have no connection with the

developmental stage of the species. In certain localities

the majority of specimens collected is smooth on the body

whorl, while in other localities both forms are represented

in equal numbers.

Imbricaria Schumacher, 1817

Type species by original designation

Imbricaria conica Schumacher, 1817

= Imbricaria conularis (Lamarck, 1811)

1817. Imbricaria Schumacher, Essai Nouv. Syst., p. 236

1821. Conoelix Swainson, Zool. Illust., ser. 1,1: pi. 24

1825. Conohelix Sowerby, Gat. coll. Tankerv., p. 79

Characteristics: Shell generally small, conical in shape,

solid, spire short and often depressed, concave, whorls

smooth or striate, aperture straight, narrow and rather

long, outer lip thick, smooth, columella obliquely plicate,

anterior canal short. The shell is covered with a very thin

periostracum.

134. Imbricaria conularis (Lamarck, 1811)

(Plate 23; Figue 131; Text figure 11)

1811. Mitra conularis Lamarck, Ann. Mus. Hist. Nat., 17: 219

1817. Imbricaria conica Schumacher, Essai Nouv. Syst.,

p. 236; pi. 21, figs. 5a, 5b
1821. Conoelix marmoratus Swainson, Zool. Illust., ser. 1, 1:

pi. 24

1821. Conoelix lineatus Swainson, Zool. Illust., ser. 1, 1: pi. 24

Shell: Shell small, shiny, conically-ovate, spire extremely

concave, acuminate
;
white, cream or light grey in colour,

ornamented with one or two dark, generally brownish

continuous or interrupted transverse bands, and irregular

small squarish white spots on the body whorl ; white spots

usually longitudinally oriented
;
wide-spaced, slightly wavy

reddish-brown spiral lines encircle the body whorl and
earlier whorls, spire maculated with brown or greyish-

brown, apex dark brown. Shoulder of body whorl angu-
late, occasionally obsoletely nodulose, sutures weakly im-

pressed, whorls convex, numbering from 7 - 9 apart from
protoconch of 2\ - 3 glassy-brown nuclear whorls. Wide
spaced, shallow and occasionally punctate spiral grooves

encircle the shell, numbering from 8-14 on the body
whorl and from 1 - 2 on the penultimate whorl; some
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individuals are finely axially striate on the penultimate

and earlier whorls. Aperture much longer than the spire,

narrow, elongate, only slightly curved ; outer lip thickened

and faintly crenulate; interior of aperture dark brown,

interior edge of outer lip white. Columella light brown

or bluish, with 6-8 sharply sculptured oblique folds;

anterior canal calloused, straight.

L: 13 to 23mm W: 39 to 50% A: 68 to 80%
Animal: Sole of foot light grey, minutely flecked with

white, edge of foot whitish; dorsum of foot translucent

white with two small grey zones anteriorly. Siphon black,

with a longitudinal white line which is flanked by two

white oval blotches; anterior end of siphon banded white.

Tentacles white, base white, flecked with grey
;
eyes black,

well developed.

Radula: Specimens examined ranged from 16.0mm to

17.8 mm in length. The radular ribbon is translucent

creamy-white in colour; length of ribbon varied from

2.0 mm to 2.2 mm, width from 0.28 mm to 0.33mm in

specimens examined. No appreciable wear was evident on

Figure 11

Imbricaria conularis (Lamarck, 1811). Fiji Islands.

a. one row of radular teeth

b. latero-oblique view of central tooth

c. siphonal pattern consisting of black and white areas

the early rows of the radular ribbon; however, lateral

teeth were missing in the first two to three rows. The
centrals are rectangular in shape, broader than they are

long, and equipped with two large claw-like cusps on

the sides, and a smaller cusp positioned centrally on the

lower plate margin; the two side-cusps on the upper plate

margin are occasionally obsolete. The laterals are club-

like in appearance, broad and short, approximately one

and one-half times the width of the centrals; a large

broad cusp points towards the central tooth, and the

side-cusp close to the central is rather variable in size.

Seven to nine cusps are distributed almost along the entire

width of the lateral plate, the last two cusps occasionally

appearing as small denticles.

The ribbon consists of 32 - 36 fully formed rows of

teeth (plus 4-6 nascentes).

Type locality: None.

Habitat: In clean sand substrate, in sand pockets of coral

reefs and among weed, in shallow water.

Moderately uncommon.
Distribution: Throughout the Fiji Islands. - From Mau-
ritius through the tropical Indo-Pacific to Polynesia.

Discussion: The species is better known as Imbricaria

conica Schumacher. Lamarck's description, although

not accompanied by references to figures, is as clear and
precise as one would wish, and identifies the species.

Lamarck's description of Mitra conularis is as follows:

"M. Angusto-turbinata, albo fuscoque marmorata;

striis transversis remotis; spira acuminata.

Sa forme est celle d'un cone etroit et renverse, qui

se termine par une spire acuminee. Cette coquille

est marblee de blanc et de brun, et presente des stries

distantes, transverses et une surface lisse entre les

stries; quatre plis a la columelle. Longueur 19 a 20

millimetres. Hab: ? Mus., n. 55"

Lamarck's description contains all the salient features

of the species: the coniform slender shape, acuminate
spire, smooth and polished texture of the shell which is

marbled with white and brown, and sculptured with
distant spiral striae. One could take exception to the four

columellar folds mentioned by Lamarck; however, spe-

cimens examined have, at times, the ultimate two folds

extremely weak.

Dautzenberg & Bouge (1923) regarded Imbricaria

conularis Lamarck as conspecific with /. conica Schu-
macher. Lamarck's I. conularis, however, was errone-

ously dated as from 1822 and consequently placed as

a variant in the synonymy of /. conica Schumacher.
The radular pattern of the type species of the genus

Imbricaria Schumacher is dissimilar to either Mitra,

Vexillum or Strigatella, and confirms the validity of the

genus. Imbricaria punctata (Swainson) has a similar

radula pattern, but the small central cusp is positioned

on the upper plate of the central tooth and the laterals
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have 3-4 denticles instead of cusps (Cernohorsky, in

preparation).

The absence of wear on teeth, and loss of laterals,

would suggest a tearing and shredding mode of feeding,

similarly to that of the sand-dwelling Vexillum species,

for which this particular radula pattern is especially

suitable.

135. Imbricaria punctata (Swainson, 1821)

(Plate 23; Figures 133, 133a)

1821. Conoelix punctatus Swainson, Zool. Illust., ser. 1, pi.

24 (two lower figs.) (non Mitra punctata Swainson,

1831)

1839. Mitra truncata Kiener, Spec. Gen. Icon. Coq. Viv.,

p. 112; pi. 30, fig. 101

1841. Mitra conica Kuster, Conch. Cab., p. 97; pi. 16, figs.

15, 16 (non Imbricaria conica Schumacher, 1817)

1844. Mitra ossea Reeve, Conch. Icon., pi. 27, sp. 219

Shell: Shell small, cylindrically-ovate, conical in shape,

rather solid
;
yellowish or fawn in colour throughout, early

whorls whitish. Sutures weakly impressed, whorls flat-

tened, slightly terraced in some specimens, numbering

from 5-7 apart from protoconch of 1 \ - 2 white nuclear

whorls; wide-spaced, shallow, punctate spiral grooves en-

circle the shell, numbering from 13 - 20 on the body whorl

and from 1 - 3 on earlier whorls; occasional specimens

have a nipple-like apex. Aperture much longer than the

spire, very narrow, straight, elongate, slightly convexly

rounded in some individuals; outer lip thickened, smooth.

Interior of aperture yellowish or light fawn in colour;

columella calloused, same colour as aperture, with 5-7
prominent oblique folds. Anterior canal slightly calloused,

straight.

L: 11 to 21mm W: 47 to 56% A: 85 to 92%
Animal: Sole and dorsum of foot white. Siphon long and
white, tentacles short, white in colour, edged with light

bown, base of tentacles white; eyes black.

Type locality: Tahiti.

Habitat: In clean and slightly muddy sand, in sand
pockets of coral reefs, in shallow water.

Uncommon.
Distribution: Throughout the Fiji Islands. - From Mau-
ritius through the tropical Indo-Pacific to Polynesia.

Discussion: The height of the spire is a variable feature

in this species; some specimens have an almost flat spire,

while in others the spire is conical. Mitra truncata
Kiener, 1839 appears to be the flat-spired form of the
species.

Imbricaria conovula (Quoy & Gaimard, 1833), al-

though superficially similar, is not conspecific with /.

punctata; the former species differs in being more globose

near the shoulder, with a prominent callus near the

posterior angle of the aperture and the anterior canal,

which is always dark purple. For a recent illustration of

Imbricaria conovula see J. Cate ( 1963 ;
pi. 8, figs. 55, 56)

.

ERRATUM

{Editor's Note: The following correction was received

from the author after completion of page proofs through

p. 142; it was therefore impossible to insert it in the

proper place without reprinting over 30 pages ; the author

offers his sincere apologies for this oversight in the original

manuscript.}

p. Ill, col. 1, starting with fourth line from bottom, read:

varied from 4.5 to 6.0mm and the width from 0.7 to

0.9 mm in specimens examined. The first four to ...

UNCONFIRMED REPORTS OF MITRIDAE
FROM THE FIJI ISLANDS

Mitra arenacea Reeve, 1845. - Conch. Icon., pi.31, sp.

246. Reported from Fiji by Cate & Burch (1964)

from the Jennings collection. Reeve's type figure depicts

a shell similar to M. tornala Reeve, but the species is

yellowish in colour, with white spots at the sutures, and
with close-set spiral ridges. There is no shell answering

Reeve's description in local collections.

Vexillum exquisitum (Garrett, 1873). - Proc. Zool. Soc.

London, p. 842 (not figured). Reported from Fiji by
Garrett (see J. Cate, 1963; p. 33; pi. 6, fig. 23). The
species is unknown in local collections.

Pusia leucodesma (Reeve, 1845) - Conch. Icon., pi. 30,

sp. 243. Reported from Fiji by Cate & Burch (1964)
from the Jennings collection. The specimens from the

Jennings collection are, in our opinion, beach-worn ex-

amples of the highly variable P. microzonias (Lamarck,
1811).

Vexillum mica (Reeve, 1845) - Conch. Icon., pi. 37, sp.

314. Reported from Fiji by Cate & Burch (1964) from
the Jennings collection. The species is unknown in local

collections.

Mitra polita Reeve, 1844 - Conch. Icon., pi. 33, sp. 94.

Reported from Fiji by Cate & Burch (1964) from the
Thaanum collection. The species is unknown in local col-

lections.
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Vexillum rectilateralis (Sowerby, 1874). - Thes. Conch.

4: 34; pi. 20, fig. 404. Reported from Fiji by Cate

& Burch (1964) from the Thaanum collection. The
species which has been cited as a variant of V. deshayesi

(Reeve, 1844) by Dautzenberg & Bouge (1923), is

unknow n in local collections.

Mitra robusta Reeve, 1844. - Conch. Icon., pi. 18, sp.

140. Reported by Dautzenberg (1935) as having been

collected in Fiji by Dunker & Garrett. The species is

unknown in local collections.

Mitra rubiginosa Reeve, 1844. - Conch. Icon., pi. 10, sp.

68. Reported from Fiji by Cate & Burch (1964) from

the Jennings collection. The only specimen in that collec-

tion resembling this species is an immature example of

M. nubila (Gmelin, 1791) and has been here illustrated

under that species.

Vexillum salmonea (Sowerby, 1874). - Thes. Conch.,

4: 36; pi. 19, fig. 375. Reported from Fiji by Cate &

Burch (1964) from the Jennings collection. For descrip-

tion and illustration of V. salmoneum see under V. zebu-

rnsis (Reeve, 1844) in this paper.

Pusia spcciosa (Reeve, 1844). - Conch. Icon., pi. 19, sp.

148 (=Pusia variata Reeve, 1845, Conch. Icon., Errata)

.

Reported by Dautzenberg & Bouge (1923) as having

been collected in Fiji by Dr. Putzeys. The species is un-

known in local collections.

Mitra typha Reeve, 1845. - Conch. Icon., pi. 33, sp. 267.

Reported from Fiji by Tryon (1882). The species is

unknow n in local collections.

FOSSIL RECORDS OF MITRIDAE
FROM THE FIJI ISLANDS

Mitra (Tiara) fijiensis Ladd, 1934. - B. E Bishop Mus.
Bull. 119: 227; pi. 40, fig. 7. The species was described

from Pleistocene deposits on the banks of the Wailoa

river near Nasogo, at an elevation of 995 feet.

Ladd compared his new species with Mitra (Tiara)

sokkohensis Martin, 1916, M. flammea Quoy & Gaimard,
1833 and M. filaris gracilis Philippi, 1850 (= Mitra
praestantissima Roding, 1798). The species, however,

compares very favourably with the Recent species Mitra
(Cancilla) pia Dohrn, 1860, and may possibly be

identical.

Mitra (Tiara) nasongoensis Ladd, 1934. - B. P. Bishop

Mus. Bull.119: 227; pi. 40, fig. 8. The species was
described from the same deposits as the preceding species,

and closely resembles the Recent species Mitra flammigera
Reeve, 1844.

Vexillum (Vexillum) gembacana Martin, 1881. - Ladd,

1934; B.P Bishop Mus. Bull. 119: 228; pi. 40, fig. 9.

Recorded by Ladd from the same deposits as the previous

two species. Although there is some resemblance to certain

individuals of V. deshayesi (Reeve), the species is prob-

ably distinct.

CONCLUSION

A total of 135 species of Mitridae have been recorded

from Recent collections in the Fiji Islands. Another 13

species have been reported in literature; three or four

of these may possibly be synonymous with species dealt

with in this study.

The number of species recorded in the appropriate

genera are as follows:

Mitra 54

(of which subgen. Cancilla 14)

Strigatella 12

Vexillum 44

Pusia 16

Pterygia 5

Imbricaria 2

Swainsonia 2

Total 135

The 135 species of Mitridae recorded from Fiji repre-

sent about 27% of all Recent Mitrid species. This number

is slightly higher than that of Fiji Conidae (20%), but

lower than that for the Cypraeidae (33%) recorded

from Fiji.

Some species of Mitridae, especially those of the sub-

genus Cancilla, clearly need further study to determine

the actual range of variation within the respective spe-

cies. Although the comparative rarity of certain species

precludes definitive statements at the present time, the

range of individual and ecological variation of members

of the subgenus Cancilla may be found to be greater than

is currently accepted.

APPENDIX

It was stated in the Introduction that egg-deposition

has not been observed in Fijian species of Mitridae;

however, prior to the manuscript's going to press, the

oviposition of Mitra floridula Sowerby has been observed.

The animal, whose shell measured 55 mm in length,

deposited vase-shaped egg-cases measuring 6mm to 7 mm
in height; the egg-cases were fully transparent, whereas

the eggs themselves were pale yellow in colour and could

be clearly seen through the envelope. Sixteen capsules

were scattered over an area of one and one-half inches

(A. Jennings, personal communication).
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A New Scalina from the Gulf of California

BY

HELEN DUSHANE
15012 El Soneto Drive, Whittier, California 90605

AND

TWILA BRATCHER
8121 Mulholland Terrace, Los Angeles, California 90046

(Plate 24)

While diving in eight to ten feet of water at the southwest

end of Cerralvo Island, in the Gulf of California, Billee

Dilworth noticed a brilliant orange coral with small,

chrome yellow mollusks on it. This species of mollusk

proved to be new to science and a member of the genus

Scalina. Also of importance is the association of this Sca-

lina with coral.

Epitoniidae

Scalina Conrad, 1865

(Ferminoscala Dall, 1908J

Scalina billeeana DuShane & Bratcher, spec. nov.

Description of Holotype: Shell small for genus, white

under a thin, shining, yellowish buff periostracum; with

Explanation of Plate 24

Scalina billeeana DuShane & Bratcher, spec. nov.

Figure 1 : ventral view of holotype, CASGTC, no. 12729 (x 9) . Figure 2: dorsal view of the same (x 9)

.

Figures 3a, 3b: Radular teeth of holotype (x 550).

Figure 4: Tubastrca tenuilamellosa (Milne-Ewards & Haime, 1848), host of Scalina billeeana (x 1.2),

(Stanford University Paleontological Collection Specimen 30667, collected at Bahia Santa Cruz, Oaxaca, Mexico).
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three to four smooth, glassy nuclear whorls rapidly en-

larging; postnuclear whorls six to seven, strongly convex;

thin and fragile with strong cancellate sculpture of 16 to

18 raised spiral lines on the last whorl; outer lip thin,

flaring on the inner margin ; columella partially deflected

over a narrow umbilicus. Height 7 mm, maximum dia-

meter 4 mm. The operculum of this species is round, thin,

and horny with weak spiral incremental sculpture of

variously spaced grooves.

Type Material: Holotype, California Academy of Science

Geology Type Collection No. 12729. Paratypes will be

distributed to the United States National Museum, the

British Museum (Natural History), the American Muse-

um of Natural History, the Conchological Collection of

Stanford University, Santa Barbara Museum of Natural

History (No. 22208), and the Los Angeles County Mu-
seum. The remaining paratypes are in the collections of

Twila Bratcher, Billee Dilworth, Norman Currin, and
Helen DuShane. The largest paratype is 14.07 mm in

height and 9.09mm in diameter; the smallest is 5mm in

height and 3.04mm in diameter.

Type Locality: Southwest end of Cerralvo Island, Gulf
of California, Mexico, Latitude 24° 09' North, Longitude
109° 55' West, under rocky ledges in depths of eight to

ten feet.

Additional Locality: One other specimen has been re-

ported from the Galapagos Islands. It was collected by
Mme. Jacqueline De Roy at Academy Bay, Santa Cruz
Island, Galapagos Islands.

Discussion: Thirty-one specimens, some with eggs, were
taken at the same locality. Each yellow egg has two
mucous threads which are joined to form a single thread,

linking each egg to the main thread, in turn attached
by threads to its coral host, Tubastrea tenuilamellosa

(Milne-Edwards & Haime, 1848). The soft parts of the
coral have orange zooids with yellow bases between them.
The animals of Scalina billeeana seem to live on these
bases. When alive, the animal is chrome yellow and shows
through the translucent shell making the shell itself appear
to be a brilliant yellow. The radula is typical of Pteno-
glossa (Moore, 1960, pp. 1-104) with an indefinite
number of long, hooked teeth, of which the outermost are
the largest.

The shell of this species appears to be quite distinct
from any other known from the west coast. Only in its

cancellate sculpture can it be compared with Scalina

ferminiana (Dall, 1908; p. 318, pi. 8, fig. 8) and Scalina

brunneopicta (Dall, 1908; p. 316, pi. 8, fig. 10). The

latter species have larger shells.

Scalina is considered by some authors to be a subgenus

of Amaea. Further work may indicate the desirability of

accepting this viewpoint.

This species is named for Billee Dilworth who was the

first to find the mollusk, with eggs, living on its coral host.
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NOTES & NEWS

LOOSANOFF HONORED

On July 15, 1965, the Secretary of the Interior, Stewart

L. Udall, presented the following citation to Dr. Victor

L. Loosanoff:

Citation for Distinguished Service

in recognition of more than thirty-one years of outstanding

service in the field of marine biology and shellfisheries

research with the Federal Government.

In the document accompanying the citation it is pointed

out that Dr. Loosanoff's work included a break-through

in the problems of artificially rearing mollusks, in the

control of oyster predators and many other aspects con-

nected with the shellfish industry. In all, over 170 papers

have resulted direcdy from his research work.

A. M. U.

Pacific Division

At the annual meeting of the A. M. U. - P. D., held in

San Diego, June 23 to 26, 1965, the following officers

were unanimously elected for the year 1966:

Dr. Alan J. Kohn, University of Washington, Chairman

Dr. Victor L. Loosanoff, U. S. Bureau of Commercial

Fisheries, Tiburon, California, Vice-Chairman

Mrs. Elsie Marshall, Seattle, Washington, Secretary

Col. Harvey A. Johnson, Seattle, Washington, Treasurer

Tentative plans call for the 1966-Meetings to be held

in the early part of June at Seattle. Details will, of course,

be announced later.

A. M. U.

At the annual meeting of the A. M. U., held at Wagner

College, Staten Island, N. Y, from July 20 to 23, the

following officers were elected for the year 1966:

President

:

Dr. Ralph Dexter, Kent State College, Kent, Ohio

Vice-President

:

Dr. Leo G. Hertlein, California Academy of Science.

Secretary: Mrs. Margaret Teskey, Marinette, Wisconsin

Treasurer: Miss Mae Dean Richart, San Francisco

The 1966-Meetings are scheduled to be held at the

University of North Carolina, Chapel Hill. N. C.

Membership dues in the A. M. U. are, at present, $3.-

per year (plus $ -.50 for persons living in the area of the

Pacific Division ) . Membership Application should be sent

to Mrs Margaret C. Teskey, Route 2, Box 318, Marinette,

Wis. 54143, or to Miss M. D. Richart (after January 1,

1966), 15 Moffitt Street, San Francisco, CA 94131.

California Malacozoological Society, Inc.

announces:

Backnumbers of

THE VEL1GER
and other publications

Volumes 1 and 2 (facsimile reprint edition) $6.-*

(not sold separately)

Volumes 3 and 4 out of print

Volume 5: $5.-

Volume 6: $7.- Volume 7: $10.-

Prices subject to change without notice.

Orders for back issues accepted subject to prior sale.

Subscription to Volume 8: $10.- domestic; $10.60 in

Canada, Mexico, Central and South America;

$10.80 all other foreign countries.

Supplement to Volume 3: $3.-* plus $-.25 mailing

[Opisthobranch Mollusks of California

by Prof. Ernst Marcus]

Supplement to Volume 6: $4.-* plus $-.25 mailing charge

[Biology of Tegula funebralis (A. Adams), edited by

Abbott, Blinks, Phillips and Stohler]

Items marked with * are subject to sales tax in the State

of California; residents of that State please add the

appropriate amount to their remittances.

Please note: Back numbers sold in complete volumes only

with a handling charge of $-.25 for 1 to 3 vols., $-.50

for 4 to 5 vols., and $ -.75 for 6 to 9 vols.
;
subscriptions for

the current volume at the stated price accepted until

March 15 of each year and on a per volume basis ONLY.
Send orders with remittance to:

Mrs. Jean M. Cate, Manager, 12719 San Vicente Boule-

vard, Los Angeles, Calif. 90049. Please, make checks

payable to C. M. S., Inc.

Shipments of material ordered are generally made within

two weeks after receipt of remittance.

Backnumbers of the current volume will be mailed to new
subscribers, as well as to those who renew late, on the

first working day of the month following receipt of the

remittance. The same policy applies to new members.

Affiliate Membership in the C. M. S., Inc. is $5.- for

the fiscal year July 1, 1965 to June 30, 1966. Postage for

members living in Canada, Mexico, Central and South

America 60 cents, for members living in any other foreign

country 80 cents additional. Membership open to indi-



Vol. 8; No. 2 THE VELIGER Page 163

viduals only - no institutional memberships. Please,

send for membership application forms to the Manager

or the Editor.

Members receive The Veliger free of further charges and

are entitled to purchase one copy of any supplement pub-

lished during the current membership year at a special

discount (to be determined for each supplement).

BOOKS, PERIODICALS, PAMPHLETS

The American Oyster, Crassostrea virginica Gmelin

by Paul S. Galtsoff. Fishery Bulletin of the Fish and

Wildlife Service, Volume 64, pp. 1 - 480. U. S. Govern-

ment Printing Office, Washington, D. C, 1964.

During recent years several informative and well-written

books on oysters have been published. Of these, one by

C. M. Yonge, devoted principally to a description of the

biology and culture of the European oyster (Ostrea ed-

ulis), contains a quite complete and easily readable

account for the general public. Appearance of Galtsoff's

book is the newest well-written addition to our knowledge

of the American oyster, Crassostrea virginica.

Galtsoff's story of the American oyster is, in a way, a

summarization of his knowledge acquired during a 40-

year period which he spent studying the oyster, richly

contributing to the information on various aspects of its

existence. Preparation of the book required more than a

decade, but it so written that it can be used not only by

professional biologists but also by laymen who are inter-

ested in various aspects of the life history of this extremely

important and common mollusk. The book contains 18

chapters dealing, among other subjects, with taxonomy,

morphology, and physiolog\ of oysters. The author also

discusses at considerable length larval development and
metamorphosis, and many factors of the environment that

affect oyster populations. Each chapter can be read

independently and each contains an excellent bibliogra-

phy. The book is admirably illustrated with approximately

400 figures.

VLL

Proceedings of the first

European Malacological Congress - London 1962

Edited by L. R. Cox and J. E Peake; publ. by Concho-
logical Society of Great Britain and Ireland and the Mala-
cological Society of London; 1965. vii + 266 pp.; 32
halftone plate, numerous text figs., tables. Available from
Dr. Peake, British Museum (Natural History), London
at $6.-.

This richly illustrated book contains all the papers pre-

sented at the first meeting of the European Malacological

Union. The papers appear to be reproduced in extenso

and represent contributions from European as well as

American authors. In all 16 papers are presented. In a

very readable Introduction the Rev. H. J. Briggs gives

an historical sketch of the meeting and of the formation of

the new European Malacological Union.

In the preface stress is laid on the fact that the book

could not have been published as it was had it not been

for the cooperation of the University of Michigan and

Dr. J. B. Burch of the Institute of Malacology of that

University. This explains the fact that the format of the

Proceedings is identical with that of Malacologia.

The 16 articles deal with just about every aspect of

malacology imaginable and the book is one which should

be present in the library of every serious student of

mollusks.

RS

The Distribution and Abundance of Subtidal Benthic

Mollusca on the Mainland Shelf of Southern California

by Gilbert F. Jones

Malacologia, Volume 2, pp. 43 - 68; 5 Text figs. ; 10 Tables.

In contrast to other areas, mollusks do not play as impor-

tant a role in California waters. They were found to be

conspicuous only in few biota. The author carefully de-

scribes the characteristic biota and provides sound and

thorough documentation.

RS

Terrestrial Mollusks of the Belvedere Expedition

to the Gulf of California

by William K. Emerson and Morris K. Jacobson
Transact. San Diego Soc. Nat. Hist., Vol. 13; pp. 313 - 332

5 Text figures.

A total of thirteen species is recorded from various islands

in the Gulf of California. Hannarabdotus is established as

a new subgenus of Rabdotus, with Bulimulus slevini Han-
na, 1923 as type species. Further, the authors describe

a new subspecies, Micrarionta (Eremarionta) rowelli

bechteli from Isla San Esteban, Sonora, Mexico.

RS

The Eastern Pacific Species of Niso

(Mollusca : Gastropoda)

by William K. Emerson. American Museum Novi-
tates, No. 2218; 12 pp., 11 text figs. 6 May 1965

Seven Recent west American species of Niso are discussed

in this paper, including Niso (Niso) baueri, described

as new. The type locality of this species is Los Frailes
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Bay, Baja California, Mexico, in 20-40 fathoms. The

type was obtained by dredging on fine sand at "Puritan"

dredge station 89, in 1958.

RS

Invertebrate Megafossils

of the Belvedere Expedition to the Gulf of California

by William K. Emerson and Leo George Hertlein

Transact. San Diego Soc. Nat. Hist., Vol. 13; pp. 333 - 368;

6 full pages of illustrations

The authors record nine species of Pelecypoda and four

of Gastropoda. Among the latter they describe two new

subgenera and one new species. Bechtelia with Gyrineum

strongi Jordan, 1936 as type species is established under

the genus Gyrineum, and Morunella with Buccinum lug-

ubre Adams, 1852 as type species under Morula. The new

species described is Cancellaria (Aphera) wigginsi from

CAS location 38554, west side of Isla Monserrate, Baja

California, Mexico. This locality is Pleistocene.

RS

Opisthobranchia of Toyama Bay and Adjacent Waters,

collected and figured by the members of the Biological

Club, Takaoka Senior High School, Yoyama Prefecture,

Japan. Described, with an introduction by Takeo Abe,

supervised by Kikutaro Baba, D. Sc. Edited by the Bio-

logical Club. Takaoka Senior High School, Toyama Pref.

Published by Hokuryu-Kan, Tokyo, 1964. pp. i-ix, 1-99;

pis. 1-36 (9 in color) 8|xl2| inches, buckram, $42.-

This is a sumptuous volume, equivalent in many respects

to Dr. Baba's "Opisthobranchia of Sagami Bay, collected

by His Majesty, the Emperor of Japan" published in

1949. A total of 130 species, subspecies, and forms are

covered ; the beautiful plates, both in black-and-white and

color, contain 127 separate figures. While the main body
of the book is in Japanese, there is a section in English

describing 43 species. An interesting feature are the text

figures of the egg masses of those species where these have
been observed. Each opisthobranch species has its own
Japanese name, there being an index of these along with

an index of scientific names. The typographical format,

heavy coated paper, and special binding make this a truly

beautiful book as well as an authoritative contribution to

scientific knowledge of the Opisthobranchia.

AGS

Some Western American Cenozoic Gastropods of the

Genus Nassarius

by W O. Addicott. Contributions to Paleontology. Geol.

Surv. Prof. Paper 503-B. U. S. Printing Office, Washing-

ton, D. C. 20402, 1965. Price 35 cents. 24 pp., 3 pits.,

quarto.

Demondia is introduced as a new name for the preoc-

cupied subgeneric name Schizopyga Conrad, 1856 {non

Schizopyga Gravenfiorst, 1829). The type species, of

course, remains S. californiana Conrad.

Catilon is established as a new subgenus with Nassa

arnoldi Anderson as type species, to include about ten

fossil species. The newly described species Nassarius salin-

asensis is tentatively included in this subgenus.

This work is of great importance for an understanding

of the relationship among our Recent species of Nassarius.

An excellent "family-tree" is given to elucidate this par-

ticular aspect.

RS

The distribution and abundance of the pelecypod

Adontorhina cyclia on the mainland shelf of

southern California

by Gilbert F. Jones. Int. Revue ges. Hydrobiol., vol.

50, no. 1, pp. 127- 141. 1965.

Adontorhina cyclia Berry, 1947, has a wide benthic range

from about 12 meters to about 640 meters. It appeared

in 99 out of 435 samples taken along the entire length

of the Californian mainland shelf. While this bivalve does

occur throughout the area of investigation, its distribution

is not continuous.

RS

The American or Eastern Oyster

by Victor L. Loosanoff. Fish and Wildlife Service,

Bureau of Commercial Fisheries Circular 205. Available

on request by interested parties from Fish and Wildlife

Service, U. S. Dept. of the Interior.

This extremely well written relatively short circular pre-

sents an almost unbelievable amount of important infor-

mation about this important gourmet's mollusk. Excellent

photographs, including photomicrographs, illustrate the

salient points. Aside from the discussion of the life history

of the oyster, there is also a fine presentation regarding the

many natural enemies and what can be done to keep

them in check.

RS
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A New Species of Pterochelus (Muricidae)

from Santa Barbara, California

BY

EMILY H. VOKES

Department of Geology, Tulane University, New Orleans, Louisiana 70118

(Plate 25)

Recently Ted Phillips, of the Santa Barbara Malaco-

logical Society, sent a muricid specimen to me for identi-

fication. The shell was taken alive in a fish trawl off Santa

Barbara, California, midway in the channel between Ana-

capa Island and Port Hueneme. As the boat was using

a drag net the location is only approximate, as is the

depth of 100 fathoms. When I saw the specimen I realized

why there had been difficulty in identifying the species,

for it is a member of the muricinc subgenus Pterochelus

previously known, with one exception, only from Austra-

lia. Had it been collected as a dead shell I would have

rejected it as having been transported across the Pacific

by a shell collector or some such artificial means, but

the fact that it was taken alive puts a new light on the

matter. As it is a deep-water shell, it is not too surprising

that it has remained unknown.

The group of species referred to Pterynotus (Ptero-

chelus) (type species: Murex acanthoptcrus Lamarck)
has a long and respectable geological history, first appear-

ing in the Eocene of Europe with the species Murex
bispinosus J. de C. Sowerby, 1823 (also known as M.
caillati Deshayes, 1865, not preoccupied by M. cailleti

Petit, 1856). There is a species in the lower Oligocene

of Mississippi, Murex angelus Aldrich, which is consid-

ered to be a synonym of M. bispinosus by some authors

and certainly is very closely related. There are also species

in the Eocene of Australia which are probably of this

group. Thus, the Pterochelus line achieved world-wide

distribution in the geologic past. There are no American

Pterochelus known from the Oligocene until the Recent,

but the discovery of this new species at a depth of 600

feet suggests that the line retreated to deeper water and,

as a result, has not been discovered in the fossil record.

There is one Recent species in the Gulf of Mexico, Murex
('Pterynotus) ariomus Clench & Perez Farfante, 1945

(p. 39, pi. 20, figs. 5, 6), described from a unique speci-

men taken in 50 to 60 fathoms off Hollywood, Florida,

which is referable to this group, but this is the only

species presently known outside of the Australian area.

The discovery of an Eastern Pacific form is consequently

of great interest.

Pterynotus (Pterochelus) phillipsi E. H. Vokes, spec. nov.

(Plate 25, Figures 1, 2)

Description: There are seven whorls in the holotype; the

nuclear whorls not differentiated from the succeeding

whorls. Axial ornamentation begins at the end of the first

whorl and consists of three varices per whorl ; each varix

occurring immediately below the corresponding one on

the preceding whorl so that an almost straight line is

formed from apex to body whorl by the three columns

of varices 120° apart. There is one small node between

each pair of varices on the early whorls, but this becomes

obsolete on the later whorls. The surface of the shell is

marked by faint spiral threads and on the backs of the

varices these are crossed by small axial growth lines giving

rise to a slightly fimbriated surface texture. The apertural

varix is marked by a strong channel at the shoulder of

the whorl, this channel remaining as an open spine on the

earlier varices. The channel is separated from the aperture

by an inner labium which extends partially into it. There

is a second smaller channel anterior to the principal

one but the labium does not extend into this groove and

it is seen only as a fold in the wing-like varix. The
varices on the body whorl extend almost to the tip of

the siphonal canal and are thin and flaring with three

small folds. The outer lip is crenulated and projects

perpendicularly to the flaring varix. The inner lip lightly

covers the columella and stands free from it at the

anterior end. The siphonal canal is long and recurved

at the tip; the end of one previous canal remains as a

spur off to one side. The canal is partially covered over
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by a lamellar extension from the columella but is open

by a narrow slit at all times.

Measurements of holotype: height, 28.4 mm; maximum
diameter, including shoulder spines, 22 mm; length of

aperture, 6.6 mm.
Type locality: Santa Barbara Channel, between Port

Hueneme and Anacapa Island, California.

Holotype: Santa Barbara Museum of Natural History

No. 22190.

Discussion: This new species bears a remarkable resem-

blance to the Australian Pterochelus duffusi Iredale, 1936

(p. 323, pi. 23, fig. 1 1 ). In fact, had the California specimen

been found in Australian waters, there would have been

a strong temptation to consider it as that species. However,

the geographical separation, combined with the subtle

differences in the two forms, indicates that the erection of

a new species is not out of line. As was stated above, the

Pterochelus group had world-wide distribution in the geo-

logic past and as both of these species strongly resemble the

ancestral form, it may be assumed that they represent two

different lineages which have continued virtually un-

changed since the Eocene. The principal difference in

the two modern species is that in P. phillipsi the labium

folds into the shoulder channel, whereas in P. duffusi and

all of the other species of Pterochelus the aperture opens

directly into the channel in the manner shown in the

photograph of P. duffusi (Figure 3) . A second, less impor-

tant, distinction is that of color. The California species is

entirely of a pale flesh color, but P. duffusi is marked by

brown splotches along the margins on the siphonal canal,

the outer lip, the edges of the shoulder channel, and

along the suture line. These color markings can also be

seen in the photograph. The specimen of P. duffusi figured

is larger than that of P. phillipsi, but it has one more

whorl. A specimen of P. duffusi with the same number

of whorls as that of P. phillipsi would be of comparable

size. It is interesting to note that both species have a

decided tilt to the apex which is not seen in other species

of Pterochelus.

It gives me great pleasure to name this species after

Mr. Ted Phillips who was observant enough to realize

that this specimen was unlike any previously known from

the California area. The role played by the amateur

malacologist is often unappreciated and it is hoped that

the report of this discovery will serve as an incentive

to all collectors, wherever they may be, giving them the

realization that there is yet much that we do not know

of the faunas here "in our own backyard."

LITERATURE CITED
Clench, William James & I. Perez Farfante

1945. The genus Murex in the western Atlantic.

Johnsonia 1(17): 1 - 58; pits. 1-29 (29 May 1945)

Iredale, Tom
1936. Australian molluscan notes, No. 2 Rec. Austral.

Mus. 19: 267-340; pits. 20-24

Explanation of Plate 25

Figures 1, 2: Pterynotus (Pterochelus) phillipsi E. H. Vokes, spec. nov.

Holotype, Santa Barbara Museum of Natural History No. 22190.

Height 28.4 mm; maximum diameter, including shoulder spines, 22 mm. Santa Barbara Channel, between Port Hueneme and

Anacapa Island, California, 100 fathoms (x2)

Figure 3: Pterynotus (Pterochelus) duffusi (Iredale).

Height, 46 mm; maximum diameter, including shoulder spines, 27.5 mm. Off Eden, New South Wales, 60 fathoms (x 1J)
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West American Mollusk Types

at the British Museum (Natural History)

I. T. A. Conrad and the Nuttall Collection

BY

A. MYRA KEEN

Department of Geology, Stanford University, California

(i Text figure)

Up to the 1830's, descriptions of West Coast mollusks

had been sporadic and somewhat incidental. Then in 1837

appeared a paper by Timothy A. Conrad entitled, "De-

scriptions of new marine shells from Upper California,

collected by Thomas Nuttall, Esq." in the Journal of the

Academy of Natural Sciences of Philadelphia. It had a

special significance because it was the first paper dealing

almost exclusively with the mollusks of this area and also

because it described a collection made by a naturalist

who realized the value of accurate locality records. Con-

rad's introductory statement that Mr. Nuttall had offered

him the use of his material has been interpreted by

modern workers to imply that the type specimens re-

mained at Philadelphia. I, for example, searched for

them there in 1940, without success. Later, Dr. Pilsbry

located one shell that probably had been in Conrad's

hands. Clues to the ultimate destination of the Nuttall

collection were given in print by P. P. Carpenter (1857 a,

1 85 7 b, 1 864 ) . However, as I shall show, there were reasons

why we failed to realize that the most important part

of the material did not remain in the United States. We
were, of course, aware that Nuttall during his later years

in England had a collection of shells, but the fact that it

included the specimens Conrad had seen escaped us.

Idly looking at drawer labels of some stored collections

at the British Museum (Natural History) one autumn
morning in 1964, while awaiting the arrival of the Mol-
lusca Section staff, I noticed several that said, "Nuttall

Collection." Curious to see what Nuttall had, I opened a

drawer and found a bonanza. Here were specimens

Conrad must have seen because some of them could be
recognized as the ones illustrated. This was the real core

of the collection that Conrad had been permitted to

examine.

A brief review of Nuttall's life throws light on some

of the hitherto misunderstood relationships between

Conrad and Nuttall. The facts given below were gleaned

from encyclopedia articles and papers by Beidleman

(1964), Alden & Ifft (1945), and others. Thomas

Nuttall was born in England and was early apprenticed

as a printer. His taste for natural history had not much

opportunity for development until he came to the United

States in 1808, at the age of 22. Influenced by naturalists

he met at the Philadelphia Academy of Sciences, he

studied botany and ornithology and went on several

expeditions to the South and Middle West. Having pub-

lished some well-prepared reports, he was appointed

curator of the botanic garden at Harvard in 1825. This

post he resigned in 1834, to set out on his greatest col-

lecting trip, when, apparently without financial backing

other than his own purse, he joined a trading-company

group that was crossing the continent to Fort Walla

Walla on the upper Columbia River, Oregon. From here

he made his way to the seacoast at the mouth of the

Columbia and took ship for California. Being a true

naturalist, he collected not only botanical material but

also such other items as sea-shells. He found a few of

these in Oregon but made most of his collections at

Monterey, Santa Barbara, and San Diego. He made a

brief trip the next year to Hawaii, returned to California,

and in 1836 was a passenger on the Pilgrim bound for

the East Coast, via Cape Horn. If the boat put into

ports along the Central American coasts, he had no

opportunity to make collections; it is reported that he

was indignant that the captain would not stop, in the

midst of a gale, to let him go ashore at Cape Horn.

Back on the East Coast he had no official position. For

some time he was at the Philadelphia Academy. In a
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letter written to the eminent botanist Asa Gray he said,

concerning his collections, "... they have cost me a good

deal of money, much time, and considerable risk . . .

What I get for specimens is not like to remunerate me."

From this we may surmise that he hoped to be able

to sell some part of the material and obviously that he

would be in no mood to donate the shells to the Academy;

it was enough that he had given Conrad the privilege

of describing them. That the Museum would have had

funds for the purchase of sea shells is also unlikely. At

that time, however, Dr. John C. Jay, a well-to-do ama-

teur, was building one of the largest private collections

in the country. Carpenter (1857 b, p. 193) records that

Nuttall "transferred" (would it be that he sold?) to

him the bulk of his shell material, with manuscript labels,

some carrying the Conrad names, others Nuttall's own,

especially for those forms not touched on by Conrad.

These names are all included in the 1839 edition of Jay's

"Catalogue," but as there were no descriptions or figures,

the Nuttall names were nomina nuda. Jay also distributed

the shells by exchange, notably to Hugh Cuming in Eng-

land, another private collector with an even larger

holding.

In 1842 Nuttall inherited some property in England

that entailed his residence there; thus he returned to

his native land. He continued to distribute shells with

the same manuscript labels. For some reason he had not

seen Conrad's actual publication, which remained such

a rarity in European libraries that Deshayes in 1839

unknowingly redescribed a number of the species. Upon
getting settled in his home near Liverpool, Nuttall donated

a part of his California material to the British Museum
(Nat. Hist.); the Mollusca Section register shows that

in December 1843 he contributed 22 lots.

When Carpenter in the 1850's was working on his

report on the status of West American malacology, he

visited Nuttall and took along a copy of the Conrad paper.

With this and with Nuttall's counsel, he was enabled to

draw up a list of some 118 species that Nuttall had
taken — many more than Conrad had discussed, for

Conrad did little with the gastropods and nothing with

chitons. Carpenter published his list in the British Asso-

ciation Report (1857 b) and in a separate paper (1857 a)

on some of the species thought to be undescribed. In

the latter (p. 209) he made the statement concerning the

Conrad species, "The types are destined ultimately for

the British Museum, where many of them are already

to be found."

It would seem, therefore, that Carpenter had made a
satisfactory final summation of the Nuttall material, yet

in 1864 (p. 525), he again reviewed the matter, saying,

"The verification of Conrad's species being of considerable

importance, I made diligent search for the original types

[italics mine] during a recent tour of the United States."

He reported that he had talked to Jay and to Conrad

and had tried (unsuccessfully) to examine the collection

of this material at Harvard; Jay had already sent to the

U. S. National Museum as many duplicates as he could

spare. Carpenter then published a new summary, with a

listing of the types that were not at the British Museum

or that had been lost. It was no doubt this discussion

that obscured in our minds the evidence given in his

earlier reports.

Nuttall died in 1859, and as he had intended to donate

his entire remaining collection to the British Museum,

his executors, reminded by Carpenter, turned over the

collection to the Museum. It was mounted on boards, and

Carpenter's notes and identifications were pasted to the

backs of the boards. None of the material was incorpo-

rated with the general collection, and it remains today

one of the "historic collections" kept in special cabinets.

I found in the general collection a few lots that Jay had

traded to Cuming. These, of course, would also qualify

as syntypes. As a matter of record I photographed all of

the British Museum Conrad syntypes, but as none of the

species involved represent any problems of identification,

publishing the photographs here seems unnecessary. The

wide distribution of Nuttall's duplicates enabled early

authors to recognize the species correctly, and, too, Con-

rad's figures were adequate. The Jay collection went to

the American Museum of Natural History but was not

kept intact. As Conrad labelled none of the shells "type,"

present-day search is the more difficult. Possibly a few

lots also may be found at Harvard or the United States

National Museum. Advance tabulation of the summaries

given below, sent to curators at these institutions, brought

to light two lots of authentic specimens, both at the Phila-

delphia Academy. The British Museum (Natural History)

remains the principal repository of the Conrad types, with

representatives of 27 out of a possible 51 West Coast

species. It is entirely possible that more may be found

there, as obviously my time for search was limited. I

consider most of the material found as syntypic because

one can rarely be sure a given specimen is a figured

holotype, although it is apparent Conrad must have seen

the material while preparing his descriptions. Lectotypes

may, of course, later be selected by workers who find

need for precision.

A condensed format is used for the following summary.

The names are rearranged in modern systematic order.

Carpenter noted that Conrad's paper seemed to have

been done hastily and that he did not attempt grouping.
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For each entry, the original name combination stands

first, followed, in square brackets, by the modern usage,

if different. Type localities as cited by Conrad are here

abbreviated, thus: Santa Barbara, Sta. B.; Monterey,

Mont.; San Diego, S. D. Conrad's reference is cited

briefly by page number, plate and figure number, thus:

242: 19/ 1. For material in the British Museum ("B.

M." ) , the number of specimens, kind of type, and registry

number are given. It is to be noted that these registry

numbers indicate the exact date and the item number;

thus, 55.12.6.76 means that the shell was the 76th speci-

men registered on December 6, 1855. Carpenter had a

distinctive symbol for signing notes on labels, shown here

as "PPC." An occasional label bears Nuttall's hand-

writing — "N." "Mus. Cum." refers to the Cuming col-

lection, "ANSP" to the Academy of Natural Sciences of

Philadelphia. Suggested locations, mostly as cited by

Carpenter, are included. Hawaiian material is mentioned

only in part, as it is to be reviewed later by Dr. Alison

Kay. Conrad also described in this paper some species

taken by others in areas not visited by Nuttall; these are

omitted here.

Modiola capax [Modiolus]. Sta. B. 242: (no figure).

Not found.

Modiola recta [Modiolus]. Sta. B. 243: 19 / 1. Gould

coll., fide Carpenter (1857 b, p. 197); possibly at

U. S. National Museum or Harvard.

Mytilus bifurcatus [Septifer]. "Sandwich Is." (i. e. Ha-
waii; actually, California). 241: 18/14. ANSP,
1 pair, no. 57920.

Mytilus californianus. Sta. B., Mont., S. D. 242: 18 / 15.

Not found. Gould coll., fide Carpenter (1857 b,

p. 198).

Perna costellata [Isognomon] Sandwich Is. (erroneously

corrected to "Sta. B."by Carpenter, 1857 b, p. 198).

246: (no figure). B. M., holotype no. 61.5.20.148.

"PPC." "N."

Pecten latiauratus [Leptopecten]. Sta. B., S. D. 238:

18/9. B. M., 2 syntypes, 55.3.14.53 and 61.5.20.89

(possibly the figured shell). "N." [The ears in both

specimens are less broad than shown in Conrad's
figure, Reeve, Conch. Icon., vol. 8, 1852, pi. 1, fig.

5 had a good figure of a Cuming syntype].

Pecten monotimeris [Leptopecten]. Sta. B., S. D. 238:

18 / 10. Not found.

Chama exogyra [Pseudochama]. Sta. B., S. D., etc. 256:

(no figure). B. M., cluster of 5 syntypes, 61.5.20.155.

[Reeve, Conch. Icon., vol. 4, 1847, pi. 7, fig. 38,

figured a shell from Mus. Cum. that would also have

been a syntype].

Lucina bella. "S. D." (actually, Hawaii).

Lucina californica [Epilucina]. S.D. 255:20/ 1. Not

in Nuttall coll., fide Carpenter (1857b, p. 197);

possibly in Jay coll.

Lucina nuttalli [Lucinisca]. S. D. 255: 20/2. B. M.,

2 syntypes, 61.5.20.87, one possibly the figured shell,

its other side distorted. "N."

Cypricardia californica [Trapezium]. "S. D., Sta. B."

(actually, Hawaii).

Cardium californianum [=C. nuttallii, fide Carpenter].

Sta. B. 229: 17 /4. Not found.

Cardium nuttallii [Clinocardium]. Columbia River, Ore-

gon. 229: 17 / 3. ANSP, no. 54036, 1 pair.

Cardium quadragenarium [Trachycardium (Dallocar-

dia)]. Sta. B. 230: 17/5. Not found. Not in

Nuttall coll., fide Carpenter (1857 b, p. 197).

Cardium substriatum [Laevicardium]. S. D. 228: 17

/ 2. Not found.

Cytherea callosa [Amiantis]. Sta. B. 252: (no figure).

Not found.

Trigonella crassatelloides [Tivela (Pachydesma)]. Sta.

B., S. D. 253: 19 / 17. ANSP no. 53900, 1 pair la-

beled "California, Conrad."

Saxidomus nuttalli. S. D. 249: 19 / 12. B. M., 2 syn-

types, one perhaps the figured shell, 43.12.6.76 and

55.3.14.48. "PPC."

Venus californiana "Sowerby" [=Chione californiensis

(Broderip, 1835)]. S. D. 251 : 19 / 16. Not found.

Venus lamellifera [Notirus]. S. D. 251: 19/19. Not

found. Mus. Cum., Nutt., Gould, fide Carpenter

(1857 b, p. 196).

Venus nuttalli [=Chione californiensis (Broderip, 1835)].

Sta. B., S. D. 250: 19 / 15 (not fig. 14, as cited).

B. M., 2 syntype lots, 1 pair from Mus. Cum., with a

Nuttall label and also one in Deshayes' writing, "Cali-

fornia," and one pair from Sta. B., Nuttall coll., with

note by Carpenter: "This is the true V. nuttallii Conr.,

teste Conr. ipse + type in Mus. Jay," a label evi-

dently written after consultation with Conrad and

Jay.

Venus staminea [Protothaca]. Sta. B., S. D. 250: 19 /

14 (not fig. 15, as cited). B. M., 2 syntype lots, one

from each locality: Sta. B., 2 specimens. 55.3.14.40;

S. D., 3, 65.5.20.123. "PPC."
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Saxicava californica [=Petricola carditoides Conrad].

Sta. B., S. D. 256: 20/9. Not found. In Gould

and Cuming collections, fide Carpenter, ( 1857 b, p.

196).

Saxicava carditoides [Petricola]. Sta. B. 255: 20/8.

Not found. One valve in Nuttall coll.; also Gould

coll.; fide Carpenter (1857b, p. 196).

Mactra californica. Sta. B. 240: 18/ 12. Not found.

Gould coll., fide Carpenter (1857 b, p. 196).

Mactra planulata [Spisula]. Sta. B. 240: (no fig.) Not

found; type apparently lost, fide Carpenter (1857b,

p. 196)

.

Lutraria (Cryptodon) nuttallii [Tresus]. Sta. B. 235:

18/1. Figured holotype, B. M. no. 61.5.30.134.

"N." [A note by Carpenter (1857b, p. 194) in-

dicates that Nuttall brought back only small speci-

mens but that he observed larger ones. The holotype

is a juvenile shell, evidently live-taken]

.

Donax californica. Sta. B. 254: 19 / 21. B. M., 12 syn-

types, 61.5.20.91. "PPC." "N."

Tellina secta [Macoma (Rexithaerus)]. S. D. [note by

Carpenter, "larger shell is from Columbia River"].

257: (no fig.). B. M., 2 syntypes no. 61.5.21.161.

"N."

Tellina nasuta [Macoma (Macoma)}. S. D. [Nuttall's

label says, "Eaten by Chinhooks at the estuary of

the Oregon," which would suggest mouth of the

Columbia River as the locality.] 258: (no. fig.).

B. M., syntype, no. 1861.5.21.158. "N." [The figure

by Sowerby in Reeve, Conch. Icon., vol. 17, 1866,

pi. 9, fig. 40 of a specimen in "Mus. Sby." might
almost have been made from the Nuttall shell].

Tellina alta [Homonym, not T. alta Conrad, 1833; =
Florimetis biangulata (Carpenter, 1856) (see note
below)]. Sta. B. 258: (no fig.). Type lost, fide

Carpenter (1857 b, p. 195). Carpenter suggests,

probably correctly, that this may prove identical with
his Scrobicularia biangulata (Proc. Zool. Soc. Lon-
don for 1855, p. 230), later allocated to Metis (a
homonym)

,
to Apolymetis (the type of which is very

different in form), and more recently to Florimetis.

Grant & Gale (1931, p. 364) pointed out that there
might be two other prior names when the type spe-
cimens could be studied: Tellina obesa and T. turgida
Deshayes, 1855 (Proc. Zool. Soc. London for 1854,

p. 354 [May 16, 1855]). The type lots for both of
these are in the British Museum, and I have exam-
ined them. Although the type locality of the first was
cited as "China Seas" and the second, "Catbalonga,

Philippines," both lots seemed to me to be conspecific

with Carpenter's holotype, which was also available

for direct comparison and is a smaller, less mature

shell, with the same hinge. Deshayes' material was

from the Cuming collection. Although the descrip-

tion of T. turgida precedes that of T. obesa, it would

seem better that the latter be selected, if either is to

be adopted for the West American form. In 1903

Hidalgo cited T. turgida as from the Philippines,

interpreting the locality as "Catbalogan, Samar I.,"

and Faustino in 1928 followed this, in a check-list

of Philippine mollusks. Hidalgo cited a figure by

Roemer, 1871, in the "Conchylien Cabinet," ed. 2,

p. 210, pi. 40, figs. 7 - 9. I question the accuracy of

this figure, for Roemer does not state that it is of the

type; he seems rather to have elaborated upon Des-

hayes' description and to have figured a truly Phil-

ippine shell. Because of this confusion, it would be

better not to attempt to bring T. turgida as the prior

name into West American literature. A free trans-

lation of Deshayes 5
description of T. obesa is: "Shell

ovate-oblong, thick, solid, somewhat ventricose,

nearly equilateral, grayish-white, bright yellow with-

in, concentric striae uneven and growth lines thick,

exaggerated at irregular intervals; anterior end

broad, descending in an even curve, posterior end

steeper, descending more sharply above, with a

broad posterior fold distorting the outline, subtrian-

gular in right valve; umbones large, orthogyrate,

ligament large, thick, partially sunken in a groove;

hinge thick, with two cardinal teeth of unequal size;

adductor muscle scars large, the anterior ovate, the

posterior rounded; the pallial sinus subtrapezoidal,

expanded above and bent. Hab. China Seas. Coll.

Cuming. Comparisons: Related to T. lacunosa but

more tumid, thicker, yellow within, exterior with

periostracum." A line drawing made from my pho-

tograph of the type lot is included as evidence of

the similarity to the California species (Figure 1).

The outline, size, and internal yellow color of mature

specimens all point to the identification; moreover,

the species to which Deshayes compares it, T. la-

cunosa Dillwyn, 1817 {—T. papyracea Gmelin,

1791), is an Indo-Pacific Florimetis. However, the

name T. obesa is, under the new International Rules

of Zoological Nomenclature, a nomen oblitum, which

we may not use until the case has been presented to

the International Commission on Zoological Nomen-
clature for a decision as to whether its adoption

would or would not promote stability. Because of

continued opposition of many systematists to this
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Figure i

Tellina obesa Deshayes, in the type collection, British Museum

(Natural History) ; a composite drawing from photographs of two

specimens, the outline from one, details of adductor scars and

pallial line from the other, x 0.56

rule, such a requirement may later be relaxed. Mean-

while, I wish to put on record the fact that the name

Tellina obesa Deshayes, 1855, has priority over

Scrobicularia biangulata Carpenter, 1856, and that

it is apparently available for use; that is, it seems

not to be a homonym.

Cumingia californica. Sta. B. 234: 17 / 12. Not found.

"Mus. Cum." fide Carpenter (1857b, p. 195).

Amphidesma decisa [Semele], S.D. 239: 19/2. B.

M., 1 syntype, both valves, no. 61.5.20.137. "N."

"PPC."

Amphidesma rubrolineata [Semele]. S. D. 239: 18/ 11.

Not found. "Mus. Cum. and Gould coll.", fide

Carpenter (1857b, p. 195). Dall in 1915 consid-

ered the type lost and probably of Oriental origin.

Sanguinolaria californiana [—Macoma inconspicua

(Broderip & Sowerby, 1829), fide Carpenter].

Columbia River. 231 : 17/7. Not found. Synonymy
suggested by Carpenter (1864, p. 526).

Sanguinolaria nuttallii [S. (Nuttallia)]. S. D. 230: 17

/ 6. B. M., 2 syntypes, Mus. Cum., without registry

number.

Psammobia pacifica [=Heterodonax bimaculatus (Ltn-

naeus, 1758)]. S.D. 241: 18/13. B. M., 2 syn-

types, 61.5.20.92 and 61.5.20.93, the latter apparently

the figured shell. "N."

Cultellus californianus [Tagelus]. Sta. B. 233: 18 / 3.

B. M., one valve, no. 54.3.14.55, apparently the fig-

ured specimen. "N."

Cultellus subteres [Tagelus (Mesopleura)]. Sta. B. 233:

17 / 10. B. M., holotype, no. 61.5.20.125, both valves.

"N."

Solecurtus lucidus [Siliqua]. Sta. B. 231 : 17/8. B. M.,

4 valves, all broken, 61.5.20.133(3), 57.8.14.2(1),

with Carpenter label.

Solecurtus nuttallii [=Siliqua patula (Dixon, 1788)].

Columbia River. 232:17 /9. Not found.

Sphenia californica [Cryptomya]. Sta. B. 234: 17 / 11.

Not found.

Mya (Platyodon) cancellata [Platyodon]. Sta. B., etc.

236: 18 / 2, B. M., holotype, figured and evidently

live-taken, with dried soft parts, no. 61.5.20.145. "N."

Pholas californica [Parapholas]. Sta. B. 236: 18 / 5.

B. M., probable syntype, no. 61.5.21.157, without

Carpenter label but with a note in NuttalPs writing:

"In soft clay rocks in the bay of St. Diego, U. Califor-

nia." [Collectors of postmarks may be interested to

know that the back of this slip of paper has a partly-

effaced cancellation stamp with the words "Prescot-

JA 1 / 1847" visible].

Pholas penita [Penitella]. Sta. B. 237: 18 / 7. Gould

Coll., fide Carpenter (1857b, p. 194).

Thracia curta. California. 248: 19 / 8. B. M., figured

holotype, no. 61.5.20.135, with both valves (errone-

ously stated by Conrad to be a single valve, corrected

by Carpenter, 1857 b, p. 194). [Specimen matches

figure well for size but has more sculpture; the

posterior slope is not accurately drawn. Carpenter

label in pencil].

Mytilimeria nuttalli. California. 247: (no figure).

B. M., 2 syntypes, unmatched valves, nos. 51.11.17.

37-38. [Larger valve figured by Reeve, Conch. Icon.

vol. 20, 1875, pi. 1, fig. 1].

Lyonsia californica. Sta. B. 248: 19/20. Type lost,

fide Carpenter (1857 b, p. 194).

Periploma argentaria [=P. planiuscula Sowerby, 1834].

238: 18/8. B. M., 2 syntypes, Mus. Cum., without

registry numbers.
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Pandora punctata. Sta. B. 228: 17 / 1. B. M., 1 valve,

probably figured holotype; label lost, Mus. Cum.

Purpura macrostoma. "Sta. B." (actually Hawaii).

Purpura harpa. "Sta. B." (actually Hawaii).

Purpura (Monoceros) engonatum [=Acanthina spirata

(Blainville, 1832)]. Sta. B. 264:20/ 17. B.

M., figured holotype, 61.5.18.33. Carpenter label.

Purpura (Monoceros) brevidens [=Acanthina spirata

(Blainville, 1832)]. Sta. B. 264: (no figure).

B. M., syntype, on left side of same board as P. engo-

nata, no. 61.5.18.33. [Similar to specimen from Mus.

Cum. figured by Reeve, Conch. Icon., vol. 3, 1846,

pi. 1, fig. 2, as Monoceros punctatum Gray].

Purpura (Monoceros) lapilloides [=Acanthina spirata

lapilloides]. Sta. B. 265: 20 / 18. B. M., 15 syn-

types, no. 61.5.18.32.

Murex (Cerostoma) nuttalli [Ceratostoma]. Sta. B.

264: 20 / 22. B. M., 2 syntypes, the larger probably

figured, no. 61.5.18.39. Carpenter label.

In alluding to the undue haste with which Conrad

seemed to have prepared his manuscript, Carpenter men-

tioned the frequency of the specific names californica and

nuttalli. One should point out further that part of the

latter are spelled with the ending -i, part with -it. Under

the modern Rules, the latter form is to be avoided in

proposing new names, but it is not subject to automatic

correction in published literature; that is, the name is to

be preserved as printed. Thus, we should note that there are

four of the Conrad specific names with the -it ending -

in the genera Clinocardium, Sanguinolaria, Siliqua, and

Tresus (using present-day allocations) - and all the

rest have the -i ending.
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INTRODUCTION

The purpose of this paper is to determine the status of

the large and distinctively ornamented species of Colubra-

ria described by Reeve (1844) as "Triton soverbii"

which was stated to have been collected by Hugh Cuming
in the "Gallapagos Islands." Reeve's taxon also has been

reported from Mauritius, the Moluccas Islands, and the

Red Sea, as well as from the Galapagos Islands and west

Mexican localities. The confusion regarding the distribu-

tion of this species led Campbell (1961), in a review of

the eastern Pacific species of Colubraria, to the erroneous

conclusion that Reeve's taxon is a senior synonym of

Colubraria lucasensis Strong & Hertlein (1937), a

smaller Panamic species that was described from off Baja

California, Mexico. New information resulting from the

present study, however, conclusively demonstrates that C.

soverbii is an Indo-Pacific species which apparently does

not occur in the eastern Pacific.

Before we can present the evidence for the occurrence

of Colubraria soverbii in the Indo-Pacific faunal province,

a review of the taxonomic and nomenclatorial problems

confronting students of these taxa is desirable.

"Triton soverbii" was briefly described and well illus-

trated by Reeve (1844, pi. 16, figs. 65a, 65b) on the basis

of material from a private collection, "Mus.[eum] Stain-

forth." The figures represent a large form, nearly 75mm
in length, that somewhat resembles C. maculosa

(
Gmelin,

1791) and illustrate Reeve's (1844) statement that the

whorls . . . "everywhere [are] encircled with rows of

granules, and brown excavated lines, ranged two and two;

[with] orange-brown, variegated with brown, and [are]

ornamented with two distinct rows of square dots ..."

(see Plate 26, Figure 5). Reeve further commented that

this was the species illustrated by Chemnitz (1788, p.

260, pi. 162, figs. 1552, 1553) from the Isle of France

[Mauritius], as "Species elegantissima Muricis maculati

. . .
," and Reeve concluded "the vivid dark brown lines

which encircle its entire surface in pairs render it not

unworthy of the title." Although there is no doubt that

Reeve intended his new taxon to represent this hand-

somely colored species, he complicated his description by

stating, "the name selected by Mr. Sowerby [Triton line-

atus Sowerby, 1833, p. 72, no locality cited] for this

interesting shell was applied by Mr. Broderip [to Triton

lineatus Broderip, 1833, p. 6, 'Insulas Gallapagos, Cum-
ing'] only a few months before . . ," and Reeve stated

after his description of Triton soverbii, "Triton lineatus,

Sowerby (not Broderip), Proc. Zool. Soc.
;
1833." Inas-

much as Reeve redescribed the species and provided

illustrations, we believe it was his desire to describe a new
species rather than to propose a replacement name for

Sowerby's preoccupied name, Triton lineatus. Under this

interpretation, the syntypes of Triton soverbii should be

restricted to specimens from the Stainforth collection,

providing such specimens are still extant, or a neotype

must be designated, if the type specimens are lost. Ac-

cording to Dr. Keen {in litteris), who checked the collec-

tion of the British Museum (Natural History), there are
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four specimens deposited there that appear to be Hugh

Cuming's original material, but none of these is labeled

the type and none is indicated to be from the Stainforth

collection. Furthermore, none appears to be the specimen

figured by Reeve. Dr. Keen suggested that Reeve may

have used composite drawings, based on more than one

specimen, for these illustrations. Under the circumstances,

we prefer to consider the four specimens in the British

Museum to be potential syntypes of Reeve's Triton sover-

bii, but we hesitate to designate any of them the lectotype

in the absence of information concerning the present

deposition of the material mentioned by Reeve from the

Stainforth collection.

Regarding the status of Triton lineatus Sowerby, 1833,

this is one of seven species of Colubraria described at that

time by Sowerby from collections made by Cuming "on

the western coast of South America, and among the

islands of the South Pacific Ocean." No locality was

given by Sowerby for his T. lineatus, although Reeve,

1844, unaccountably cited the Galapagos Islands (in six

fathoms) as the habitat for T. soverbii. Reeve may have

inadvertently cited the Galapagos Islands for T. soverbii,

as this is the locality, "Insulas Gallapagos ... in six

fathoms," given by Broderip, 1833, for his T lineatus

[=Cymatium lineatum (Broderip)]. We agree with

Campbell's (1961, p. 141) conclusion that Sowerby's

description of T. lineatus is largely non-diagnostic, but

we do not concur in Campbell's belief that Reeve
"probably had the type of T. reticulatus Sowerby and
not that of T. lineatus Sowerby before him when
he named T. soverbii." It should be noted that Sowerby
(1833, p. 72) states that his T. lineatus is much larger

(about 65mm in length) than the other six specimens

that he was describing. Also, the specific name that

he proposed, lineatus, indicates that he had a con-

spicuously lined species, which suggests Reeve's T.

soverbii. In our opinion, Triton reticulatus Sowerby,
1833 (not Tritonium reticulatum of Blainville, 1829),
which also was cited from the Galapagos Islands,

is probably a synonym of Colubraria lucasensis Strong
& Hertlein, rather than a synonym of C. soverbii, as

was suggested by Campbell. Dr. Keen has informed
us {in litteris). that she was unable to locate any speci-

mens labeled Triton lineatus Sowerby in the British

Museum. One, therefore, can speculate that the speci-

mens on which Sowerby based his taxon are those from
the Cuming Collection which are now labeled T. soverbii

Reeve. Dr. Keen also informed us that she did not find

specimens identified as T reticulatus Sowerby in the
Cuming Collection.

In summary, Colubraria soverbii was first noticed and

illustrated in 1788 by the non-binominal author Chem-
nitz, was later described by Sowerby in 1833 as Triton

lineatus, only to be found preoccupied by Broderip's

earlier use of the same name by Reeve, who in 1844

proposed the name Triton soverbii for it. Colubraria

lucasensis was proposed by Strong & Hertlein in 1937,

although it may have been the same species described

by Sowerby in 1833 as Triton reticulatus. Sowerby's

taxon, however, is preoccupied by Tritonium reticulatum

Blainville, 1829, as both of these taxa are referable to

the genus Colubraria.

DISCUSSION

The problem of the identity of Colubraria soverbii

first came to the attention of the present writers when

they undertook to identify specimens recently obtained

from the Galapagos Islands. These proved to be referable

to Colubraria lucasensis Strong & Hertlein rather than

to old and faded specimens in our collection labeled C.

soverbii from "China" and the "Philippines," which

agree well with Reeve's original figures of C. soverbii.

This discovery led us to the belief that Reeve's species

was Indo-Pacific in origin, rather than from the Gala-

pagos Islands as Reeve had stated. Through the coopera-

tion of Mr. Akibumi Teramachi, we received on loan a

large specimen of Colubraria that was collected from

30 fathoms in the Kii Channel, off Japan. A second

mature specimen was kindly given to us by Major G. D.

Robinson who obtained it from Mr. K. J. Grosch of

Mozambique Cidade, Portuguese East Africa. Inasmuch

as these live-taken and well-preserved specimens agree in

all details with Reeve's description and illustrations of C.

soverbii, the occurrence of this species in the Indo-Pacific

faunal province, therefore, can now be substantiated.
1

These specimens are herein illustrated (Plate 26, Figures

6, 7 ) and the following description is based on them.

The shell of Colubraria soverbii is large (more than

90mm in height), robust, relatively coarsely sculptured,

with about 10 postnuclear whorls. Viewed aperturally,

1 Because Hugh Cuming is not known to have collected in Japanese

waters, it seems more likely that the original specimens of C.

soverbii were obtained by him from the Philippine Archipelago,

where he made extensive collections from 1836 to 1839. However,

we have not seen specimens of this taxon with verified locality

data from the Philippines. According to Clench (1945), much
of Cuming's molluscan material is now known to possess mislocal-

ized field data.
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the last whorl is somewhat more than half the height of

the shell. The whorls are moderately convex with a well

defined suture which becomes irregular especially on the

last whorl. Each whorl is interrupted by one or two

rounded varices. The varices, which mark the sites of

the previous apertures, occur at irregular intervals in the

growth of the animal, and consist of low, rounded,

thickened areas that are approximate to the last and all

previous lip-edges. Most characteristic of the surface

sculpture are the spiral channels which are colored

noticeably darker than the surrounding surfaces. These

dark painted channels divide each whorl into eight to

ten cords; each cord is regularly nodulose; the beading

so produced is prominent and arranged in regular axial

rows. The cords are mostly nearly equal in width but a

few of the cords, including the first one below the suture,

are divided spirally by a .small groove. The basic color

of the shell is light yellow to tan with a wide darker

band on the spire and with two bands on the body

whorl; the anterior band is in the same relative position

as on the spire and the band below occurs largely on the

siphonal canal. Vague brownish blotches occur addition-

ally within the dark bands and enclosing the bands are

spiral cords noticeable by their being divided into more or

less equal segments of very light and dark color. The shell

is finely striate both spirally and axially.

The aperture is narrowly ovate with well-developed

palatal lirae; from the columella extends a moderately

developed inductura, the free edge of which is scalloped.

The lip is crenulated and in contour simply rounded as

far as the short canal. On the columella side, posteriorly,

there is a strongly projecting knob above which the aper-

ture narrows into the posterior groove. The anterior side

of the columella, below, is fairly straight and deflected

towards the left. The inductura is fully developed only

in mature specimens, extends higher than the aperture,

and, below, obscures the canal which is short, recurved,

and deflected slightly to the right. The aperture is white

except for some color on the lip-edge corresponding to

the exterior banding.

Although only the basal part of the nuclear whorls

are preserved in the four specimens of Colubraria sover-

bii that were available to us for study, these specimens

would appear to have had a conical protoconch of the

type possessed by C. lucasensis (see Campbell, 1961, text

figure 4). Unfortunately, the nuclear whorls also are

poorly preserved on the four specimens of C. soverbii that

Dr. Keen located in the collection of the British Museum,
but the character of the basal part of the whorls that are

preserved on these specimens, three of which were photo-

graphed by Dr. Keen, suggests that a simple, conical

protoconch was formerly present. No opercula were avail-

able for study.

In contrast to Colubraria soverbii, C. lucasensis has a

smaller, more slender, thinner shell; the largest specimen

on hand showing the characters of a mature specimen is

less than 45 mm in height. In its surface sculpture, C.

lucasensis differs by its lack of the darkly colored grooves

so characteristic of C. soverbii. The early whorls of C.

lucasensis are reticulate by reason of the equal develop-

ment of the spiral and axial cords; in the later whorls

the axial cords are dominant ; the spiral sculpture consists

of very low rounded ridges which at times are divided

by finer ones ; beaded elevations occur at the intersections

of spiral and axial sculpture. In addition, the suture on

the final whorl of C. lucasensis is not markedly irregular

and the free edge of the inductura is not scalloped as in

C. soverbii.

There appears to be a striking degree of dimorphism
exhibited by the shells of this species. The five Recent

specimens of Colubraria lucasensis that we have from
the Galapagos Islands possess a narrower, less inflated

shell than the holotype of this taxon, which was based on

a single, inflated, juvenile specimen dredged off Cape San
Lucas, Baja California, Mexico (Strong & Hertlein,

1937, pi. 35, fig. 17; Campbell, 1961, pi. 10, fig. 5).

Other specimens from waters along the mainland of the

continent, which we have examined, including two juve-

nile specimens, one from Arena Bank in the Gulf of

California and one from off Judas Point, Costa Rica, and
a mature specimen from the Canal Zone of Panama,
also possess a stouter and more inflated shell than the

Galapagan specimens (cf. Figures 1, 2 with Figures 3, 4
of Plate 26). It is interesting to note that the Pleistocene

specimen from the Galapagos Islands illustrated by Hert-
lein & Strong (1939, pi. 32, fig. 5) also represents the

slender form of this complex. Unfortunately, the taxon-

omic significance of these two forms cannot be determined

on the basis of the available data. Our small sample
of the Galapagan populations may by chance represent

only an infrasubspecific form of this complex. If, however,

the distribution of the narrow form is restricted to the

Galapagos Islands, subspecific recognition would be war-
ranted for these insular populations. In this respect, it

should be noted that most species of Colubraria have
exceedingly wide geographic ranges, and it is difficult

to determine the identity of specimens of similar species

without knowledge of their geographic occurrences. For
example, some individuals of C. lucasensis closely re-

semble some specimens of C. castanea Kuroda & Habe,
1952, from the Indo-Pacific and C.obscura (Reeve, 1844)

from the Caribbean region.
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ANNOTATED SYNONYMIES

Colubraria soverbii (Reeve, 1844)

Plate 26, Figures 5 to 7

, Chemnitz, 1788, p. 260, pi.

162, figs. 1552, 1553, Mauritius.

Triton lineatus Sowerby, 1833, p. 72, no habitat

cited.

Not Triton lineatus Broderip, 1833, p. 6, Gala-

pagos Islands; Cuming [=Cymatium lineatum (Bro-

derip)].

Triton Soverbii Reeve, 1844, Triton pi. 16, figs.

65a, 65b, [not Galapagos Islands; Cuming].

Triton Soverbii Reeve, Kuster & Kobelt, 1878,

p. 171, pi. 46, figs. 3, 4, Mauritius (Chemnitz)
;

[not

Galapagos Islands (Reeve)].

Epidromus sowerbyi [sic] Reeve, Tapparone-

Canefri, 1880, p. 39, Mauritius (Lienard; Robillard;

collection Paulucci) ; Gulf of Suez, Red Sea (Mac And-

rew)
;
[not Galapagos Islands (Cuming)].

Triton (Epidromus) Sowerbyi [sic] Reeve,

Tryon, 1881, p. 26, pi. 14, fig. 122 [copy of Reeve's fig.].

Charonia (Colubraria) soverbyi [sic] Reeve,

Bayer, 1933, p. 59, Amboyna (Hoedt).

Colubraria soverbyi [sic] Reeve, M. Smith,

1944, p. 23, fig. 316 [copy of Reeve's fig.], [not Galapagos

Islands; nor "? Central America"].

Charonia (Columbraria) [sic] Sowerbyi [sic]

Reeve, Belletante, 1954, p. 73, Moluccas (collection

Jousseaume) ; Mauritius (collection Carrie).

Range: Red Sea (Mac Andrew)
;
Mozambique (here-

in recorded) ; Mauritius (Chemnitz; Tapparone-Canefri

;

Belletante)
; Moluccas (Bayer; Belletante) ; Kii Channel,

Japan (herein recorded).

Colubraria lucasensis Strong & Hertlein, 1937

Plate 26, Figures 1 to 4

[?] Triton reticulatus Sowerby, 1833, p. 71,

Galapagos Islands [=Colubraria reticulata (Sowerby)].

Not Tritonium reticulatum Blainvdlle, 1829, p.

118 [=Colubraria reticulata (Blainville) , a Mediter-

ranean species].

Colubraria lucasensis Strong & Hertlein, 1937,

pp. 173, 174, pi. 35, fig. 17 [holotype], 20 to 25 fathoms,

off Cape San Lucas, Baja California, Mexico. Hert-

lein, 1937, p. 306, Galapagos Islands. Hertlein &

Strong, 1939, p. 370, pi. 32, fig. 5, Pleistocene terrace

deposit at James Bay, San Salvador Island. Galapagos

Islands. Keen, 1958, p. 348, fig. 333 [copy of figure of

holotype], off Cape San Lucas, Mexico to the Galapagos

Islands.

Tritonium (Colubraria) sowerbyi [sic] Reeve,

in part, Stearns, 1893, p. 393, Indefatigable Island, Ga-

lapagos Islands.

Colubraria soverbii Reeve, in part, Palmer &

Hertlein, 1936, p. 69, Pleistocene, Colotepec formation,

near mouth of Rio Colotepec, Oaxaca, Mexico. 2 Camp-
bell, 1961, pp. 140, 141, pi. 10, figs. 5 [holotype of C.

lucasensis], 6, text fig. 4 [protoconch of holotype of C.

lucasensis], 100 fathoms off Cabo Haro, Guaymas, Sonora,

and 45 fathoms off Monserrate Island, Baja California,

2 Dr. Campbell (in litt.) has informed us that there is a large

specimen of a Colubraria in the collection of the Department of

Geology at Stanford University which was obtained by the late

R. H. Palmer from these fossil deposits in Oaxaca, Mexico. This

specimen, which is 69mm in length and 26mm in width, is be-

lieved by Dr. Campbell to differ sufficiently from C. lucasensis

in size, sculpture, and arrangement of the labial teeth to merit

specific recognition. He suggests that it may represent the pre-

cursor of C. lucasensis.

Explanation of Plate 26

Colubraria lucasensis Strong & Hertlein, 1937

Figures 1, 2: "Narrow form," Sombrero, San Salvador Island [James Island], Galapagos Islands, in 6 - 8 feet (A. M. N.H.;

ex C. Angermeyer coll.)
;
(x 1)

Figures 3, 4: "Inflated form." Fig. 3, S. E. of Judas Point, Costa Rica, in 42 to 61 fathoms (A. M. N. H.; ex W. Beebe)
;
(x 2) Fig. 4,

Far Far Beach, Canal Zone, Panama, beach specimen (E. Bergeron collection)
;

(x 1)

Colubraria soverbii (Reeve, 1844)

Figure 5: Original figures of Triton soverbii Reeve (1844, figs. 65 a, 65 b)
;

(x 1) Figure 6: Kii Channel, Japan, in 30 fathoms
(A. Teramachi coll.)

;
(x 1) Figure 7: Mozambique Cidade, Portuguese East Africa (A. M. N. H.

;

ex G.D.Robinson coll.)
; (x 1)
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Mexico, in the Gulf of California, and the Galapagos

Islands.

Not Triton soverbii Reeve, 1844, Triton no. 65.

Range : Guaymas, Sonora, Mexico in the Gulf of Cali-

fornia (Campbell), and south to Panama (Bergeron col-

lection), and the Galapagos Islands (Stearns; Herdein;

etc.). Fossil occurrences: Pleistocene of Oaxaca, Mexico

(Palmer and Hertlein) ; and San Salvador Island, Gala-

pagos Islands (Hertlein and Strong).
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Marine Natural Products.

I. The Search for Aplysia Terpenoids in Red Algae

BY
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A number of reports exist (Sommer et al., 1937;

Winkler, 1959; Allen & Dawson, 1960; Prescott &

Jahnes, 1962) from which one might deduce that the

natural product content of marine mollusks and algae are

related. There have been reports of phenolic substances

(Saito & Nakamura, 1951), terpenes (Katayama, 1962),

and organic bromides (Mautner et al., 1953; Augier &

Mastagli, 1956), all or part of which might be respon-

sible for the antibiotic properties of algae and indirecdy

for similar properties in marine fauna. It will be inter-

esting to determine whether or not these compounds

found in algae are absorbed unchanged by the animals

that feed on them.

The isolation and structure determination of substances

from Aplysia kurodai (Baba) (Yamamura & Hirata,

1963) does provide reason for speculation. The com-

pounds are bromo-sesquiterpenes which might easily have

been the result of feeding on plants containing phenolic

bromides, or the actual terpenes, since the amount found

varies with the time of collection. Another report by

Winkler (1961) suggests that Aplysia californica (Coo-

per) may concentrate toxic substances in the digestive

gland.

An investigation of benthic algae may provide evidence

for the suspected relationship between Aplysia and its

foodstuffs as well as provide more conclusive insight into

the nature of the antibiotics so often reported. Since the

isolation of the bromides from Aplysia represents one of

the few reported naturally occurring organic bromides,

further study would be of interest from many viewpoints.

Reports on the feeding habits of the two animals by
Saito & Nakamura (1961) and Winkler (1959) indi-

cate that red algae are preferred although green algae

are sometimes eaten. An investigation of the red algae

is perhaps the most interesting for several reasons. First,

this group contains a great variety of forms. Secondly,

the greatest variety of plant sterols has been isolated from

red algae (Miller, 1962). It is also the group in which

the occurrence of bromides, phenols, and terpenes has

been reported.

One of the red algae which Aplysia californica has

been observed to prefer (Winkler & Dawson, 1963) is

Plocamium pacificum (Kylin). As this plant is readily

available in the Los Angeles area, we began our studies

on it.

METHODS

The plant was collected at low tide, washed in fresh water

and cleaned by hand to insure the removal of animal

matter. The cleaned plants were ground with a minimal

amount of water and ice in a blender and the pulp

extracted with acetone. The acetone extraction was car-

ried out in a large glass flask fitted with a Hershberg stirrer

and into which acetone was distilled from a pot. The
overflow returned to the same pot thereby concentrating

the extract. The concentrate was removed frequendy until

all of the extractable matter had been obtained. Acetone

was removed and the aqueous layer extracted with ether.

The ether extracts were combined, dried over magnesium
sulfate and concentrated through a fractionation column.

The dark green semicrystalline residue was chromato-

graphed on 60-100 mesh Florex, eluting with hexane,

benzene, ether and methanol in mixtures of increasing

polarity.

Thin layer chromatography was carried out with stand-

ard 40 x 200 mm plates. The plates were prepared with
the Desaga/Brinkman model S-ll adjustable applicator

with a nominal thickness of 0.25 mm according to the
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instructions supplied with the equipment. The stationary

phase was silica gel G. The plates were dried in an oven

and stored over calcium chloride. The elution solvents

were of reagent grade and were used without further

purification. The solvent was allowed to run 10 cm from

the point of compound application up to a carefully cleared

area to insure a uniform solvent front. Development of

finished chromatograms was accomplished with a chro-

mogenic reagent of 10% sulfuric acid in water containing

0.1% ammonium molybdate and then heating to about

250° C.

The melting points are uncorrected. Spectral determi-

nations were carried out on a Perkin-Elmer Infracord

(sodium chloride optics), a Cary UV Recording Spectro-

meter and a Varian 60 mc Nuclear Magnetic Spectro-

meter.

RESULTS and DISCUSSION

From 100 g (dry weight) of Plocamium pacificum (Ky-

un) was obtained 9.3 g of a dark green residue, smelling

of tide pools. The oil was chromatographed on 500 g of

Florex, and the following major fractions were obtained

(see Table 1).

The first major fraction eluted appeared to be homo-

geneous from thin layer chromatography (TLC). An Rf

of 0.77 was obtained with hexane. Recrystallization from

ethyl ether was difficult and the gelatinous waxy solid

appeared to melt at about 40° C. An infrared spectrum

showed only bands associated with saturated hydrocar-

bons. This is presumably one of the high molecular weight

hydrocarbons associated with most plants.

The second major fraction when analyzed by TLC
using 25% ethyl ether in benzene, gave two major compo-

nents: a white crystalline portion, 0.25 g, Rf 0.50, and a

yellow oil, 0.35 g, Rf 0.95, with an odor like that of the

major fraction.

Recrystallization of the solid fraction from ethanol, as

platelets, or from methanol, as needles, gave a homoge-

neous product as shown by TLC. The melting point was

141.5- 143.5 and a mixture melting point with purified

cholesterol gave no depression. A Liebermann-Burchard

test was also positive and identical with cholesterol. Fur-

thermore the nuclear magnetic resonance spectrum as

well as the infrared spectrum were identical with those of

cholesterol. This confirms earlier reports by Tsuda ( 1957)

of cholesterol in Pacific red algae.

The yellow oil appears to be of chemical interest since

spectral studies indicate the presence of a saturated ketone.

The infrared absorption is low (1753 cm 1

), indicating

the possibility of a ketone in a 5-membered ring. The

ultraviolet absorption shows a maximum at 250 m/i in

95% ethanol and an analysis of the NMR spectra gives

a well defined split methyl adsorption (1.305), methylene

adsorption, vinyl adsorption (5.35) and low field adsorp-

tion (7.55).

The bright red crystals are presumably a carotenoid.

The absorption maxima in carbon disulfide are 550, 516,

and 452 m/x.

Before chlorophyll began to bleed from the column

the fourth fraction was collected. The light yellow oil

was insoluble in carbon tetrachloride and difficultly sol-

uble in chloroform. Its spectral properties indicated a

saturated ketone. Reaction with carbonyl reagents con-

firmed this.

When the chlorophyll began to run through, the column

was washed with 10% methyl alcohol in ethyl ether. The

resultant dark oil was saponified by refluxing under a

nitrogen atmosphere, in a methanolic potassium hydrox-

ide solution. The neutral fraction obtained from an ether

extraction of a basic aqueous suspension was clear, since

all of the color remained in the aqueous phase. Concen-

tration of the ether extract gave a gum which showed

little evidence of functionality on spectral analysis.

None of the fractions or the original extract showed

the presence of a phenol as evidenced also by a negative

ferric chloride test. Although halogen appeared to have

been present in the original extract no evidence for it was

found in the individual fractions. This absence is perhaps

not unexpected because of the diversity of red algae in

the Pacific.

Table 1

Solvent Weight Characteristics

1 Hexane 0.37 g White waxy solid

2 Hexane-benzene 0.62 g Yellow, semicrystalline,

odor of tide pools

3 Benzene 0.040 g Bright red crystals

4 Benzene-ethyl ether 0.174 g Yellow oil

5 Ethyl ether-methanol Dark green gum



Page 180 THE VEL1GER Vol. 8; No. 3

Of interest is the report by Bergman (1960) that

cholesterol is only a minor sterol of invertebrates. Perhaps

the red algae may be the source of that sterol when found

in some organisms. Undoubtedly the cholesterol content

of some algae may render them unfit as a human food

source.

The ketone fractions may serve as precursors to the

animal products. This would require that the animal have

some metabolic pathway capable of brominating the or-

ganic intermediate. It is perhaps more likely that we
shall find plant products more closely related to those

from the animal. Halogen fixation is an uncommon occur-

rence in living organisms, therefore the disclosure of the

source of organic bromides will be interesting.

SUMMARY

Chemical relationships between marine organisms, for

example that between Gonyaulax and shellfish, may be

quite common. The antibiotic activity attributed to marine

plants and animals may stem from the same source.

In typical benthic red algae, we have not detected

phenols or organic bromides, which might be expected as

direct precursors to products found in Aplysia. The several

ketonic fractions isolated require further study to deter-

mine if they are structurally related to the animal

products. The presence of cholesterol as a major sterol

in red algae has been confirmed.
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Personal Views on Taxonomy

BY

FRANZ ALFRED SCHILDER

University of Halle, German Democratic Republic

INTRODUCTION

The editor of the Veliger has asked me to explain my
personal views on specific and intraspecific taxonomy in

cowries so that these principles might be discussed by

students of other groups of mollusks.

I have discussed my views in several previous papers, chiefly

in Schilder 1941 (p. 59), 1952 (pp. 13-14), 1960 (pp. 8-10),

and 1963 (pp. 106- 109). Nevertheless, I am delighted to attend

the Editor's suggestion, as these papers are written, partly, in

German, and, partly, treat special problems in cowries which are

of no interest to other malacologists; besides, more recent studies

in cowries have shown that the number of distinguished taxa

should be augmented, for the ways of intraspecific differentiation

are far more complicated than one should believe at first glance.

Therefore I shall try to explain the taxonomic problems

in the following paragraphs.

Each problem and my personal suggestion to solve it will be

illustrated by examples chosen among the living and fossil cowries

to which I have devoted all my studies since 1920, with short

interruptions only.

OFFICIAL NOMENCLATURE

The International Rules of Zoological Nomenclature,

established in 1905 and emended in 1958 by the fifteenth

International Zoological Congress in London, prescribe to

designate the scientific name of each animal by at least

two Latin or latinized words, viz. the generic and the

specific name.

Thus the scientific nomenclature of the lower taxa is formally

binary, i. e. composed of two names.

However, the rules admit the optional intercalation of

two further taxa, viz. the subgenus (to be inserted, in

parentheses, between the genus and the species name)
and the subspecies (which follows the specific name).

Thus the scientific nomenclature of the lower taxa virtually

becomes quaternary, i.e. composed of four names: genus - (sub-
genus) - species - subspecies; the subspecific name must not be
separated by any sign or symbol from the specific name.

This method to classify natural history specimens was

established by Linnaeus in 1757 for plants and in 1758

for animals; however, Linnaeus used subgeneric and

subspecific names very rarely so that his nomenclature was

practically binary.

Linnaeus united all adult cowries in one genus, Cypraea, and

he enumerated all living kinds known to him as different species,

thereby separating specifically some juvenile stages (e. g. vanelli

and fragilis) from the adult ones (lynx and arabica, respectively)

and even wom specimens (e. g. amethystea and lota) from fresh

ones (arabica and spurca, respectively) . In the butterfly genus

Papilio he used Troides in a subgeneric sense, and he named the

chief races of man by subspecific terms.

TAXONOMY

Surely this venerable principle of binary or quaternary

nomenclature is sufficient for many purposes, especially

if one considers the living animals as existing units, almost

as Linnaeus did in believing in a supernatural spontaneous

creation of species.

Therefore I have no objection against calling all cowries by
the generic nam - Cypraea and by the name of the species in

faunistic lists, in dealer's catalogs, etc.; in such papers the species

may even be enumerated in alphabetical order, which is acciden-

tal, caused by the fancy of the name's author and conceals the

evident affinity of species, but facilitates the finding of the name
by the non-specialist.

This principle fails, however, if the specialist intends

to demonstrate his opinion about the phylogeny of the

various taxa by investigating the gradual evolution of

taxonomical units, particularly if he includes the fossil

connecting links and their differentiation by steps to the

living units.

So, for instance, the rich material of Neogene fossils from Flor-

ida has shown that the classification of the specimens connecting
the Miocene Siphocypraea (Akleistostoma) carolinensis (Con-
rad) and the Pliocene 5. (Siphocypraea) problematica (Heil-
prin) is rather arbitrary (Schilder, 1965a). Therefore the
specialist should be allowed to intercalate several stages of taxa
between the officially admitted ones, so that he may clearly show
the supposed relation of various extinct and living taxa.
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FAMILIES AND GENERA

On the level of the family and genus the subdivisions

subfamily and subgenus are official
;
additionally, the term

tribus for different units within the subfamily has been

admitted; the subgenus, however, is the lowest admitted

degree on the generic level.

Many authors, however, considered it useful to introduce a

further taxon on the generic level, which is inferior to the sub-

genus: Thiele (1929), for instance, called it sectio and was

followed by other writers on marine mollusks, although this term

sometimes caused confusion (Stohler, 1965).

I consider it positively necessary to establish a taxon

subordinate to subfamily and subgenus (S), especially in

monographs and fists which claim to illustrate the phylo-

genetic affinity of extinct and living animals: in earlier

papers I proposed to call these taxa infrafamily and infra-

genus (I) respectively.

The relative value of a taxon is recognizable more easily if it is

designated by the same prefix on the family, genus, and species

level : thus the prefix sub- indicates the first degree below the pre-

fix-less term (subfamily, subgenus, subspecies) , and the prefix

infra- indicates the second degree below the prefixless term (infra-

family, infragenus, infraspecies) . This analogous terminology has

not been invented by myself, but adapted to the use in the highest

taxa (class, ordo) of fossil and living mammals by Simpson,

1945.

EVOLUTION OF SPECIES

There are two ways of evolution of species:

The usual allopatric way evidently consists in isolation

of populations and selection of mutations by changes of

the environment.

This relatively slow way results in gradual changing of one

species into another during geological epochs. In geographically

expanding species there arise allopatric units which become grad-

ually more fixed genetically and more distinct morphologically,

passing the stages infraspecies, cline, subspecies, prospecies, and

at last true species (see below)

.

A second, rare, way consists in the sympatric develop-

ment of schizospecies, i. e. of species living together in a

restricted area "caused by sudden change of sexual affin-

ity" (Buddenbrock; see Schilder 1952, pp. 19, 35).

Morphes (sec below) may be stages of this way of specific

differentiation. In cowries the South African Cypraeovula (in-

cluding Luponia) and the South Australian Notocypraea possibly

are schizospecies.

The usual allopatric way of evolution tends to develop

SUPERSPECIES

A superspecies comprises all species and lower taxa which

replace each other geographically, ecologically, or strati-

graphically (chronologically), and which are so closely

allied that they evidently descended from one common

ancestor. It is irrelevant whether its offspring remained

on the subspecific level or now must be classified as several

distinct species or even genera (Schilder 1952, p. 11).

The term superspecies (Schilder, 1952, p. 2) coincides with

the "Formenkreis" of Kleinschmidt (1926) and comprises both

the "Rassenkreis" and the "Artenkreis" of Rensch (1929, p.

13) ; the "superspecies" of E. Mayr (1942, p. 169) is identical

with the latter only.

In contrast to the other taxa, the unit superspecies does

not bear a proper name, except if it coincides with an

infragenus, etc.; it should be designated as superspecies

by the name of the nomenclatorially oldest species

included.

The superspecies Erosaria miliaris (Gmelin) contains nine or

ten living and two or three fossil taxa (Schilder & Schilder,

1939, p. 225, figs. 7, 9; Schilder 1952, p. 110, fig. 83). The
central species is E. miliaris (Gmelin) with its three infraspecies

differens Schilder in Malaysia, miliaris s. str. in East Asia, and

diversa (Kenyon) in Australia; the eastern prospecies eburnea

(Barnes) in Melanesia and Queensland; the western prospecies

lamarcki (Gray) with two subspecies, viz. redimita (Melvill)

occurring from Malacca to Karachi and lamarcki s. str. in East

Africa. The north western E. turdus (Lamarck) must be included

into this superspecies although it is well separable as a distinct

species: for it can be morphologically derived from lamarcki and

it replaces it in the Red Sea and in the Persian Gulf, only slightly

overlapping its area of distribution; it should be split into the

infraspecies turdus s. str. in the southern Red Sea, pardalina

(Dunker) around the Sinai Peninsula, winckworthi Schilder &

Schilder in the north east from Muscat to Karachi, and the

dubious zanzibarica (Sullioti), said to come from Zanzibar.

Bes'des, according to Schilder 1941 (p. 91) there is a hardly

separable ancestor of differens in the Pleistocene of Java (named

effossa Schilder) . an antecessor of miliaris s. lat. in the Upper
Pliocene of Java which possibly may be separated as a species,

pliostaphylaea Schilder, and the possibly late Miocene sabah-

ensis (Cox) from North Borneo. The living Erosaria erosa (Lin-

naeus) with its races and the prospecies nebrites (Melvill) as

well as some fossil ancestors constitute a different superspecies, as

they occupy about the same regions in the Indopacific as those

inhabited by the superspecies miliaris.

The superspecies concept is a very fruitful basis in

taxonomy, and it has been widely used, especially in orni-

thology and entomology.

In my catalogue of fossil and living Cypraeacea (Schilder

1941) I have tried to arrange all distinguishable units in cowries

according to this and the following principles.
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SPECIES

According to the International Rules of Zoological No-

menclature the taxon species is the fundamental category

in zoological classification. But though treating the name

of species most precisely, the Rules avoid to define the

qualities of a taxon necessary to justify its rank as a

species.

In fact, it seems almost impossible to establish a clear definition

of the taxon species which fits similar stages of evolution in

all branches of animal life, especially if one includes the fossil

ancestors of the living species also. One should consider that the

concept of species is still influenced by the former belief in spon-

taneous creation, and it would become rather meaningless if we

could discover the complete series of extinct predecessors of the

present species.

Many scientists seem to have adopted the definition

given by Rensch (1929, p. 4; Schilder 1952, p. 11) : a

species comprises all specimens the natural or artificial

cross breeding of which produces an unlimited sequence

of fertile generations showing no signs of degeneration.

Thus the horse and the donkey are different species as their

hybrids, the mule and the hinny, usually are sterile; whereas all

living races of man constitute a single species as their hybrids

produce unlimited generations of fertile descendants. But what

about Neandertal man? And where are the limits of Trinil and

Peking man? The joke: "Which man first knew that he was no

longer an ape?" is of deep phylogenetical meaning, also for the

species concept.

In marine mollusks, however, Rensch's physiological

definition of the taxon species is useless, as we never can

breed a second generation of hybrids.

Even the occurrence of evident hybrids in border areas occu-

pied by two allied species does not prove them to be races of a

single species, as these specimens may be the first hybrid genera-

tion destined to expire without progeny (e. g. Cypraea tigris

Linnaeus and C. pantherina Solander in Aden; see Schilder,

1962).

Therefore I provisionally replaced the physiological

test by the following morphological test: "groups of sim-

ilar shells should be treated as different species if they

can be separated by at least one well recognizable charac-

ter showing no intermediates even in extreme specimens"

(Schilder 1960, p. 8). This definition refers only to

adult, not pathologically deformed, shells with well pre-

served colors.

In cowries, differences of the animals can hardly be used as

criteria since we do not know the limits of individual variation in

the soft parts nor in the radula of the animal, and the animals of

many taxonomically important species are entirely unknown. The
definition concerning the shells, however, can be applied also to

fossils.

The upper limit of the taxon species can easily be recog-

nized: morphologically isolated units of specimens living

mostly in relatively small areas and evidently being relics

of groups of allied species which flourished in a much

wider area in the geological past; such species mostly

constitute different genera or subgenera which are mono-

typic to the student of Recent mollusks only, but poly-

typic to the paleontologist.

In living cowries such phylogenetically isolated relics are, for

example, Bernaya catei Schilder, Siphocypraea mus (Linnae-

us), Trona stercoraria (Linnaeus), Propustularia surinamensis

(Perry), Umbilia armeniaca (Verco) (including hesitata Ire-

dale) , etc.

There are many other living units of specimens which

are so well separable from each other conchologically that

no student will ever doubt that they must be classified

as distinct species, even if their animals seem to show no

differences.

Thus, the common Lyncina vitellus (Linnaeus) and L. carne-

ola (Linnaeus) surely are different species, as their adult shells

can be distinguished at first glance on the basis of several constant

characters in color, while the structural differences are less obvious.

But the radulae of both are practically identical, the very young

("oliviform") stages of shells are hardly distinguishable, as are

fossil representatives destitute of color: in fact, the Pliocene

yokoyamai Schilder, which was established as an extinct Japanese

giant race of carneola, most probably belongs to vitellus.

INTRASPECIFIC TAXA

The lower limit of the taxon species, however, is rather

uncertain, as it is often difficult to decide whether the

gradual evolution has transgressed the verge of the unit

formally called species or not.

So, for instance, many monographers (e. g. Kiener, Reeve,

Sowerby, Roberts, Hidalgo, Allan) have treated Erosaria

lamarcki (Gray), Erosaria miliaris (Gmelin), and Erosaria

eburnea (Barnes) as well separable species (eburnea has been

separated even generically as the monotypic Albacypraea Stead-

man & Cotton). Their general structure is rather similar, but the

color differs in a constant way: lamarcki (East Africa to Mal-

acca) and miliaris (Japan to Australia) are fulvous to brownish

with white dorsal spots, the former has numerous chestnut spots

on the margins which are always absent in the latter, while ebur-

nea (Melanesia to Queensland) is pure white. Careful study,

however, has disclosed very rare shells with connecting charac-

ters: the inocellata (= miliaris) figured by Verdcourt (1962,

figure 1) from Zanzibar could be interpreted as a pathological

lamarcki, laterally suffused by white enamel (in fact, I possess a

laterally almost unspotted lamarcki from Zanzibar) , whereas I

have received a rather juvenile miliaris from Wakayama prefec-

ture, Japan (leg. P. Clover) which exhibits many pale brown spots

on the columellar side, and a few spots on the labial margin also.

In eburnea rare specimens are white with still more pure white
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spots in some parts of the dorsum: they may be interpreted as

hybrids in areas where eburnea and miliaris overlap (Queens-

land), but they evidently are atavistic in regions where eburnea

only occurs (Fiji).

It is difficult to decide whether such closely allied taxa

should be separated as distinct species or united as sub-

species of a single species: the International Rules of

Zoological Nomenclature admit these two alternatives

only. The result is that there will be always not only

different views of different writers, but also different views

of the same writer in different papers, according to the

progress of knowledge and the special purpose of the

paper (see above).

Recently Donohue (1965) has deplored the fact that many
cowrie species treated as such in one paper have been reduced to

subspecific rank in another paper or even suppressed as synonyms

in a third paper: the particulars show the inevitability of fre-

quent changes if only two taxa, species and subspecies, are

admitted.

INTRASPECIFIC TAXA
WHICH MUST BE NAMED

The general taxon subspecies adopted by the International

Rules of Zoological Nomenclature has not been defined

substantially by them.

Literally the term 'subspecies' comprises all named taxa lower

("sub") than the species so that all names which are not absolute

synonyms could be regarded as of subspecific rank. However, it

became the general custom to exclude named individual and

accidental "varieties," and to reserve the term 'subspecies' to the

different stages of evolution which did not yet reach the level of

a species.

Therefore zoologists usually restrict the taxon subspecies

to morphologically discernible, genetically rather uniform,

and geographically or stratigraphically continuous "races"

which replace each other in different areas or strata so

that their totality composes the next higher taxon, the

species.

This definition excludes all individual "varieties" as single

mutants, extreme "aberrations" in any direction of variation,

sexual, seasonal, or ontogenetic "formae," pathological "mon-
strosities" and artifacts. But the status of ecological modifications

and of aberrant, locally restricted populations caused by selection

of mutants remains uncertain.

Even in adopting this restriction the official taxon

subspecies contains several very different stages of evo-

lution so that it seems advisable to split it at least in four

degrees.

Formally these degrees must be treated as coordinate subspecies

according to the International Rules of Zoological Nomenclature;

but in papers discussing the exact value of each unit the respec-

tive letters (see below) should be put, in parentheses, before the

subspecific names, as I have done in my zoogeographical paper

on cowries (Schilder, 1965).

The four intraspecific stages of evolution, enumerated

from the uppermost to the lowermost, are as follows:

(p) prospecies

Prospecies are taxa on the threshold between subspecies

and real species: they are species in statu nascendi.

The term 'prospecies' was introduced in science by Birula in

1910 (Schilder 1952, p. 13) ; the term 'semispecies' (E. Mayr,

Lorkovitch) is a later synonym.

The taxon prospecies should be used in all cases of

uncertainty whether a taxon has reached the degree of

a true species, or not yet.

Then Erosaria lamarcki, miliaris, and eburnea (see above)

evidently are prospecies of a single species, which must be named
miliaris by law of priority, though lamarcki probably was the

ancestral cowrie from which the other two prospecies have

developed.

Authors generally should be permitted to use prospe-

cific names either as specific ones or only as subspecies

names, according to their momentary personal views and
the purpose of their papers.

Then the changes deplored by Donohue (1965) would partly

vanish or at least become legal; the frequent question of collectors,

however, how many cowrie species exist, would become irrelevant.

(s) subspecies

Subspecies (in my narrow interpretation) are morpho-
logically well distinguishable taxa which are widely dis-

tributed geographically or stratigraphically and replace

each other in space or time; the border area in which
two subspecies gradually pass into each other is a relatively

narrow zone.

Erosaria miliaris (p) lamarcki has developed two geographical

subspecies ("races") : the large, brown, mostly ocellated (s)

lamarcki (s. str.) lives in East Africa, while the small, greenish

fulvous, never ocellated (s) redimita (Melvill) ranges from
Karachi to Mauritius and Malacca; in Madagascar both sub-

species meet, and in Port Reitz, Kenya, an intermediate popula-

tion has been discovered (Schilder, Schilder & Benton, 1962)

;

the absence of purple ocellations in redimita recalls the still

farther eastern miliaris (p) miliaris.

(c) cline

Clines differ from true subspecies by the far more gradual

passing of adjacent taxa into each other, so that only

specimens coming from opposite extremes of the inhab-
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ited areas show typical characters, while the large area

between these extremes contains populations of inter-

mediates or of mixed extremes (Huxley, 1939).

Erosaria caputserpentis (Linnaeus) exhibits usually white

interstices of the teeth in the tropics; but along the coast of

Queensland specimens with brown interstices increase in number

so that in southern New South Wales the (c) caputanguis

(Philippi) predominates in which the brown color extends even

across the base.

Clines often show remarkable parallelism in different

parts of the world which tend to exhibit similar climatic

conditions.

In Erosaria caputserpentis also another branch shows analogous

tendencies in West Australia: the most extreme (c) kenyonae

Schilder & Schilder occurs in South West Australia.

The extremes of such parallel clines in different regions

are often hardly distinguishable from each other: there-

fore they should be classified as infraspecies (see below)

of a single cline.

There is a parallelism in characters of aperture, dentition, etc.

between the South African Erosaria helvola (c) meridionalis

Schilder & Schilder and a very similar still unnamed infraspecies

in South West Australia.

Certain tendencies in parallel or concentric variation

of less important characters which can be observed in

many species should not be neglected, but not named as

clines though they have been caused by the same laws of

evolution.

In many cowrie species one can observe that the average size

in central populations is distinctly smaller than in peripheral

populations (not only in northern and southern, but also in

eastern and western regions)
;
by naming these phylogenetically

very interesting, but taxonomically less important clines the

nomenclature would become too complicated.

The gradual development of characters in clines may
rise to a chain ( "Rassenkette" of Sarasin 1899) of higher

taxa as far as to the species level, if it spreads over long

distances.

In the superspecies Erosaria miliaris (Gmelin) there is a
gradual decrease of brown pigment from the west (turdus and
lamarcki) to the east (eburnea), whereas in Luria Isabella

(Linnaeus) the blackish spots within the orange tips increase

from East Africa (totally absent) to Hawaii and Mexico (very

large and confluent) so that four taxa of subspecific to prospecific

rank can be distinguished: (s) isabella (s. str.), (s) lekalekana

(Ladd), (s) controversy (Gray) and (p) mexicana (Stearns)

(Schilder 1961).

(i) infraspecies

Infraspecies differ from true subspecies by the differences

in morphological characters being still undeveloped so

that they can be distinguished at most statistically by

the means of populations with regard to the sums of slight

differences.

Such "subraces" seem to exist in many common cowrie species

distributed from East Africa to Polynesia, e. g. Mauritia mauriti-

ana (Linnaeus), Cypraea tigris Linnaeus, etc. in which by

statistical methods an Indian and a Pacific infraspecies seem to

be distinguishable.

In species the distribution of which is discontinuous,

one should suppose that at least statistical differences do

exist, as during the long separation the genetic composi-

tion of populations must have become different. Even

if no morphological differences could be discovered as

yet, these disconnected parts should be named as infra-

species.

In Erosaria poraria (Linnaeus) the Pacific "race" scarabaeus

(Bory) is mostly distinguishable from the typical Indian poraria:

they are separated by a broad gap in central Malaysia. In Mauri-

tia depressa (Gray) and in Chclycypraea testudinaria (Linnae-

us), however, real differences between the Pacific populations

and the Indian representatives (M. d. dispersa Schilder &

Schilder and Ch. t. ingens Schilder & Schilder) could not yet

be discovered in a satisfying way, although they are separated by

similar gaps. All should retain their infraspecific names.

The four intraspecific taxa discussed above are charac-

terized by the areas of geographical or stratigraphical

distribution of allied taxa, which exclude each other

generally: these taxa are allopatric.

To these four allopatric taxa, the naming of which is

obligatory according to the International Rules of Zoo-

logical Nomenclature, I add a fifth sympatric taxon, the

(m) morphe.

Morphes are sympatric units of very closely allied speci-

mens which differ by some often unessential characters;

these differences, however, are constant and intermediates

are absent or rare, as morphes evidently are highly stable

mutants.

The term 'morphe' introduced by Huxley (1955, p. 9) classi-

cally refers to the hereditary varieties of the European land snails

of the genus Cepaea (Schilder & Schilder, 1953/57, where the

morphe has been called 'consubspecies') . In cowries it becomes

illustrated by Lyncina carneola (Linnaeus) and its morphe

titan Schilder & Schilder (1962) which is restricted to the

western border area of the Indopacific species: it differs by its

enormous size in both sexes so that there are hardly any dubious

intermediates, while the statistical differences in other characters

of the shell and of the radula are small though mathematically
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significant; though living in the same places with usual small

carneola cross breeding seems not to occur, as no mating between

the two morphes has been observed. On the eastern border area

of carneola, especially in Hawaii, a similar giant morphe levia-

than Schilder & Schilder seems to prefer different environ-

ments. The South African Ovatipsa chinensis (m) tortirostris

(Sowerby) seems to be a morphe tending to dwarfishness, reduc-

tion of teeth, and wide aperture (the last named character occurs

in other South African cowries also) so that it appears patho-

logical, but it lives in several localities alongside the typical

chinensis (Gmelin) without intermediates.

The evolution of morphes may start by "ecotypes" (see

below) and end in the sympatric so-called "sibling spe-

cies," e. g. Erronea errones and E. ovum (Gmelin) or

in schizospecies.

INTRASPECIFIC TAXA
WHICH CAN BE NAMED

There are two groups of variations which concern popu-

lations in restricted areas and are prominent by striking

characters of many or all individuals:

(v) variatio

Varieties (in a narrow sense) are single populations

restricted to small areas, all members of which exhibit

a special character which will be rarely found in single

specimens of other populations. Evidently the distinctive

character has been caused by propagation of a genetical

mutant within the only isolated population.

Palmadusta saulae (Gaskoin) ranges from Japan to New
South Wales without being separable into distinct geographical

races; its type locality is in Manila Bay; only 750 miles south of

it, in the Siasi Islands, Cate (1960) discovered a population in

which the dorsal blotch is rather reduced, and he named it subsp.

siasiensis, but evidently the taxon 'variatio' better fits this popula-

tion, as I have described an unnamed population from the Coral

Sea in which the dorsal blotch is totally absent (Schilder,

1965 b).

By further research such varieties often may become
infraspecies or aberrations (see below)

.

They will be raised to infraspecies if similar populations are

found in a larger continuous area, but they will be degraded to

aberrations if such populations are collected scattered between
typical populations.

(a) aberratio

Aberrations are populations the members of which have
been influenced by certain special conditions of their

habitat; they will be found in scattered places with

similar environments.

Such modifications are the large, slender, and light shells

coming from calm waters contrasting to the smaller, broader, and

heavier shells from the surf areas, as is the case in Mauritia arabi-

ca (Linnaeus), Erosaria erosa (Linnaeus), Erronea caurica

(Linnaeus), etc. In Erosaria labrolineata (Gaskoin) and in

Erronea errones (Linnaeus) the differences between the popula-

tions coming from the Great Barrier Reef and from the mainland

coast of Queensland may be explained in the same way.

Often the members of aberrations exhibit the peculiar

characters in different degrees according to the intensity

of influence of habitat and to the individual susceptibility.

The melanistic rostrate modification of Mauritia eglantina has

been named nigricans Crosse (= niger Roberts) ; in 1962, W
O. Cernohorsky collected it at Mondoure Outer Reef in New
Caledonia, where about one sixth of the specimens showed at least

tendencies to melanism and rostration, whereas this aberration

was totally absent in adjacent localities. Most cowrie species

become rostrate in several localities of New Caledonia, but some-

times also in remote places, as in Queensland and in Mauritius.

Some aberrations show tendencies to become morphes

(see above)

.

In Monetaria we have distinguished several "ecotypes" (Schil-

der & Schilder 1937), i. e. morphologically very different

aberrations which compose the populations in different percent-

ages
;
mostly one ecotype is prevalent while others may be entirely

absent. One could call them morphes if there were not so many

intermediate specimens.

Other aberrations, however, could be regarded as

pathological.

Many "suffused" aberrations are natural, e. g. Erosaria miliaris

(Gmelin) which becomes suffused with a thin layer of white

enamel startina; from the white margins. But other suffused ab-

errations are evidently pathological, as the additional dorsal

enamel (which is mostly greyish to greenish and conceals the

usual markings) covers numerous particles of mud and other

substances entered between the shell and the mantle.

In an earlier paper (Schilder & Schilder 1938, p.

122) we have proposed to characterize the aberrations

by homonymous abbreviations replacing the names; es-

tablished names could be added, but no new names

should be introduced.

We proposed the terms forma major, minor, oblonga, dilatata,

rostrata, pellucida, pallida, saturata, confusa, and suffusa, each

abbreviated by three or four initial letters.

We add a third group the naming of which is optional:

it concerns single specimens only:

(h) hybrida

Real hybrids between different prospecies or even species

usually are rare in the animal kingdom.
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In cowries hybrids between Cypraea tigris Linnaeus and C.

pantherina Solander have been collected at the common bor-

der of their inhabited areas in Aden (Schilder, 1962). The

reported hybrids between Erosaria miliaris (Gmelin) and (p)

eburnea (Barnes) as well as between Erronea errones (Linnae-

us) and E. caurica (Linnaeus) are dubious.

INTRASPECIFIC TAXA
WHICH MUST NOT BE NAMED

All other taxa do not deserve special names; if they have

been established before, they should be treated as syno-

nyms.

They are virtual synonyms; formal synonyms, however, arise

only from replacing invalid homonyms by new names or by

establishing several names on the same holotype or the same

figure.

Such taxa should be comprised as

forma,

but I recommend to distinguish the following different

kinds and to designate them by further letters in synon-

ymic lists, etc.:

Three formae occur in sporadic individuals only:

(e) forma extrema

Rare single individuals exceeding the other specimens in

size, shape, or color, usually represent extremes of aber-

rations only.

Such extremes unnecessarily have been named, chiefly in Medi-

terranean cowries: e.g. Monterosato called the largest speci-

men of Luria lurida (Linnaeus) known to him "var." maxima

(the name is preoccupied).

(d) forma deformis

This category comprises all pathological monstrosities as

sinistral shells, specimens grown in an abnormal way (e.

g. with the spire much projecting) or showing unusual

irregular markings; as well as all deformations caused by
fractures of the shell healed by layers of enamel during

the animal's life, or by adherent barnacles, etc. partially

or completely covered by enamel.

The only known sinistral cowrie shell is a Notocypraea declivis

(Sowerby)
; a pathological abnormality in color is e.g. Lyncina

lynx "var." michaelis (Melvill) ; a barnacle-bearing Lyncina
vitellus (Linnaeus) figured by Cox was named distorta by
Hidalgo (nomen nudum) and Iredale (valid name).

(f) forma falsa

This category refers to shells which have been altered,

chiefly in color and texture, after the animal's death by

natural influences or artificially by manipulations of man.

Cypraea lota Linnaeus is a bleached Erosaria spurca (Lin-

naeus), C. ostergaardi Dall is the subfossil representative of the

Erosaria species the living representative of which has been

described as C. alleni Osteroaard. Cypraea amethystea Linnae-

us is a Mauritia histrio (Gmelin) the dorsal upper layers of

enamel of which have been removed by acid, and M. eglantina

"var." coutourieri (Vayssiere) has become artificially zonate

by using a hot instrument.

Three other formae are theoretically present in all

individuals

:

( ? 6" ) forma sexualis

The females and males are so different that they have

received different names by authors not knowing that the

differences are sexual only.

In cowries the sexual differences of shells and radulae are very

slight so that they can be stated by statistics only; the sex of the

holotypes of most established taxa is unknown.

(t) forma temporaria

Subsequent generations of adult animals differ according

to their living in different seasons of the year.

The longlived cowries cannot exhibit such differences as

frequently occur in butterflies, etc.

(j) forma juvenis

The stages of the individual growth differ not only in

size, but also in other striking characters.

In the growing cowrie the size, shape, structure, and color of

the shell become very different so that many not yet adult stages

have been named as distinct species by early writers. In the

"Prodrome" (Schilder & Schilder 1938, p. 123) we have distin-

guished seven stages: pulla, oliviformis, perjuvenis; juvenis,

junior; subjunior, adulta; in quoting the names given to them in

various species one could combine the three first ones as (jj),

the two following as (j), while the subjunior shells look rather

like the adult ones.

SUMMARY
This minute discernment of taxa based on evolutionary

classification appears rather exaggerated, but nature itself

is not simple.

Virtually the proposed classification does not affect the

present International Rules of Zoological Nomenclature

which I think must be strictly observed with regard to
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the rules of priority and homonymy of names: for the

obligatory binary or quaternary nomenclature does not

become violated by the optional intercalation of the pro-

posed letters (in parentheses) indicating the evolutionary

status of the taxon.

There are three ways to quote discernible taxa: with

or without naming the intermediate taxa, or by suppress-

ing the lower ones.

1. By mentioning the intermediate taxa the total name
often becomes at least sexternary so that it is unmanage-

able and disagrees with the International Rules of Zoo-

logical Nomenclature ; but it clearly shows the relation of

the lowermost taxon to the higher ones.

So, for instance, the long term Erosaria [(S) Erosaria (I)

Ravitrona] cernica (p) tomlini (s) ogasawarensis (i) marielae

(Cate) shows that a specimen identified as marielae does not

belong to (S) Paulonaria, (I) Erosaria, (p) cernica, (s) tomlini,

and (i) ogasawarensis nor (i) maturata.

2. By suppressing the intermediate taxa the nomencla-

ture becomes quaternary as it is demanded by the Rules,

but the taxonomic hierarchy becomes concealed.

Then the last named example runs as follows: Erosaria [(I)

Ravitrona] cernica (i) marielae (Cate) ; the essential prospecies

and subspecies cannot be recognized by this term.

3. By suppressing the lowermost taxa: this method

should be avoided as it does not agree with the present

status of distinctive taxonomy elucidating the evolution

of animals.

The term Erosaria [(S) Erosaria] cernica (p) tomlini Schilder

annihilates the great effort of specialists to distinguish subtle taxo-

nomic differences between populations and specimens.

For general use I recommend the second method, while

in catalogues published for showing the various steps in

evolution the first method should be adopted: the brack-

eted letters should be indented in different ways according

to the taxonomical value of each name.

In a later paper I intend to publish a complete list of living

Cypraeidae which will contain all synonyms and adopt the taxa

proposed in the present paper.

I think it helpful for students to review the proposed

taxa in the following diagram.
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{ Editor's Note : The foregoing discussion of Dr. Schilder's

personal views is presented for several reasons: there can

be no doubt in anyone's mind that the Schilders (Dr.

Franz Alfred and Dr. Maria) know the cowries better

than any other scientist (s) ; the many years devoted to the

unusually thorough study of an almost unbelievably large

number of specimens from all corners of the world quite

naturally has led the keen minds of these investigators to

conclusions and views, possibly far advanced, but at any

rate different from those reached by less enduring workers.

Since cowries are - and possibly have been for a loner

time - the "fashion" in shell collecting, many amateurs

with less solid backgrounds in paleontology, ecology, zoo-

geography, genetics and — yes, legal training — may be

bewildered and misled by the everincreasing "splitting"

in this group. If nothing else, Dr. Schilder's present discus-

sion shows that there are many different approaches to

the same subject, in this instance to the classification and

naming of animals, all belonging to a fairly well defined

group. We are not presenting this paper with a view of

"selling" Dr. Schilder's views, nor to criticize them. We
wished only to provide a forum for the discussion of these

views. Editorially we take no stand in the matter.}

A New Record of Cadlina limbaughi (Nudibranchia:Doridacea)

BY

NORMAN SHIELDS
California Institute of Technology, Pasadena, California

1

In 1962 Lance described Cadlina limbaughi from a

series of four specimens, three paratypes from Los Coro-

nados Islands and the holotype from La Jolla, California.

To the knowledge of the author, no additional specimens

have been recorded since the original description.

On March 20, 1965 a single specimen was dredged

aboard the University of Southern California research

vessel, Velero IV, by Dr. H. A. Lowenstam of California

Institute of Technology. The specimen was taken from

a depth of 15 fathoms off Santa Catalina Island (Lat.

33° 40' 30" N.
;
Long. 118° 14' 18" W). This constitutes

a northward range extension of approximately 50 nau-

tical miles and represents the fifth known specimen of

this species.

The specimen (12mm long by 6mm wide) conforms

quite closely to the original description of the species.

1 Contribution no. 1374, Division of Geological Sciences, California

Institute of Technology.

Body color is white with reddish brown rhinophores

and six tripinnate and bipinnate branchial plumes. The
rhinophores are retractile and contain sixteen perfoliate

clavi.

Since the date of collection, an analysis of the

epidermal spicules has been performed and the specimen

is no longer available for identification. However, a

series of color slides was made and the radula was

retained to corroborate the author's identification.

I would like to thank Dr. H. A. Lowenstam of Cali-

fornia Institute of Technology for permission to report on

this specimen.
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An Anomaly of a Helix aspersa Shell which Failed to Appear

in Successive Generations (Mollusca:Pulmonata)

BY

FRED HERZBERG

Department of Anatomy, University of California Center for the Health Sciences, Los Angeles, California 90024

(Plate 27)

An anomalous specimen of Helix aspersa Muller was

found in a garden in Woodland Hills, California in

September, 1961. It seemed to be normal in all respects,

except that the shell appeared as though it had been

stretched lengthwise out of the usual form while main-

taining the four logarithmic spiral coils characteristic of

the species. The apical angle of the shell was acute as

compared to the obtuse apical angle seen in the usual

specimens. The spiral was dextrally oriented and the shell

was marked in a manner characteristic of Helix aspersa.

No other specimen with a shell of this type has been seen

in over five years of observing the species in this geo-

graphic area. The anomalous specimen is shown in Figure

1, Plate 27.

The anomalous specimen was bred with an 'average'

member of Helix aspersa and in May, 1962 it deposited

eggs which hatched. Figure 2, Plate 27, shows a repre-

sentative specimen resulting from this mating after it

had attained mature size in about four and one-half

months. It appears to be the usual Helix aspersa with no

changes in shell form. Other specimens resulting from

this mating likewise showed the shell morphology charac-

teristic of the species.

The specimens resulting from the first mating were

then bred to each other. The young were hatched in

January, 1963 and all appeared to be the usual Helix

aspersa. Figure 3, Plate 27, shows a representative spe-

cimen resulting from the second mating.

The anomalous specimen died before it could be bred

again.

Among 56 specimens resulting from the first mating

there were none which resembled the anomalous member
shown in Figure 1. Seventy-four specimens resulting

from the second mating likewise failed to show the

anomaly.

Explanation of Plate 27

Figure 1 : The anomalous specimen of Helix aspersa.

Figure 2: A representative specimen resulting from the breeding of the anomalous specimen with a normal

Helix aspersa. The depressed fracture of the shell resulted from an accident while handling.

Figure 3 : A representative specimen resulting from the breeding of two specimens of the group shown in Figure 2.
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On Three New Chromodoridinae from Australia

(Opisthobranchia: Nudibranchia)

BY

ROBERT BURN

Hon. Associate in Conchology, National Museum of Victoria, Melbourne, Australia

(8 Text figures)

INTRODUCTION >

Species of the Dortdacean subfamily Chromodoridinae

are especially common in Australian seas. The species

described below are only three of innumerable new species

and new records recognized but not reported from Aus-

tralia. These latter species will be treated in other studies.

The material examined for this research has been de-

posited in either the National Museum of Victoria, Mel-

bourne (N. M.V.) or the Australian Museum, Sydney

(A.M.), depending upon the state of origin. Unless

otherwise stated, all material has been collected by the

writer.

The writer wishes to thank in particular the Trustees

of the Science and Industry Endowment Fund, C.S.I.

R. O., for a grant in aid of research on the Australian

Opisthobranchia being undertaken by this author.

NUDIBRANCHIA
Doridacea

EUDORIDACEA

Cryptobranchia

dorididae

Chromodoridinae

Hypselodoris kulonba Burn, spec. nov.

(Figures 1 to 4)

Type locality: Pool in shore platform, Point Lonsdale,

Victoria, 144° 37' East, 38° 18' South
Material: 8 October 1961, 1 specimen (Holotype), N.
M. Vreg.no. F22 717; 24 October 1964, 1 specimen (Par-

atype), N.M.Vreg. no. F25651; 21 December 1964, 1

specimen (Paratype), N.M.Vreg. no. F25652.

Description: The largest specimen when alive was about

30mm long and 10mm broad; preserved it is 13mm
long, 8 mm broad across the dorsum, the foot is 4.5 mm
at its widest, the tail (10 to 12mm long in life) is now
3mm long, the body height is 7 mm. Alive, the colours

were pure white with the foot and dorsum edged in

lemon yellow inside which is a narrow opaque band.

Chromodoris aureomarginata Cheeseman, 1881 (p. 223)

from New Zealand is similarly coloured with the excep-

tion that the outline is broader and of a heavy orange.

The body shape (Figure 1) is typically "glossodoridi-

Figure i

Hypselodoris kulonba Burn, spec. nov.

Dorsal view of holotype, alive.
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form" with a high section, a very narrow dorsal overhang,

and short digitiform oral tentacles ventrally shallowly

grooved at their ends. The rhinophores have about 12

oblique laminae upon the clavus; the branchiae are simply

pinnate and 10 in number. The tail which in life extends

far behind the posterior dorsum is narrow and pointed.

The margin of the dorsum has a number of large white

glands visible within it, particularly in the posterior part.

These (Figure 2, z) consist of compound flask-shaped

decrease slightly. All teeth are bifid, with no apparent

great difference in the shape of the tip from rhachis to

margin.

The genital organs (Figure 4) have the female glan-

dular mass swollen and the seminal vesicles filled. The

Figure 2

Hypselodoris kulonba Burn, spec. nov.

Mantle edge glands,

z - mantle edge glands

glandulae, varying in number from four to twelve, all

emptying into and discharging through a common duct.

Considerable disparity of length is apparent from one
gland to the next, the longest is about 1.5 mm. The
anterior margin of the foot is bilabiate, the upper lip

medianly grooved.

The buccal mass is 2.3 mm long; the ribbon-like sali-

vary glands have a similar length and are 1mm broad;
they originate from the upper sides at the third quarter.

The nervous system concentrated around the oesophagus
is very large but was not examined. The labial armature
("grasping ring," Marcus, 1955: 125) is very narrow
and as in Glossodotis neona [I.e., pi. 10, fig 94) it is

broken dorsally. The armature consists of minute simple
bifid rodlets set end on. The colourless 1.5 mm long radula
has the formula 46x40 • 40. The bare rhachis is wide.

The first lateral tooth (Figure 3, 1) is smaller and more
squat than the succeeding teeth which have a long stout

cusp (Figure 3, 4). The teeth increase in size to the sixth

or eighth from the margin (30-34) beyond which they

Figure 3

Hypselodoris kulonba Burn, spec. nov.

Radular teeth.

Figure 4

Hypselodoris kulonba Burn, spec. nov.

Reproductive organs,

av - oviduct, vaginal opening ax - oviduct

fc - fertilizing chamber ga - albumen gland

gm - mucus gland hd - hermaphrodite duct

1 - vagina od - uterine duct

s - penial sheatli sc - spermatocyst

sp - spermatheca vd - vas deferens

u - prostatic part of male efferent duct

x - common genital atrium
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flat broad hermaphrodite duct (hd) is straight and long,

no appreciable ampulla is evident before the duct curves

down into the pink spherical albumen gland (ga) which
lies nestled in the anterior ventral side of the white

triangular mucus gland (gm). Some short distance below
the hermaphrodite duct, an elongate lobiform fertilizing

chamber (fc),very much larger than in Chromodoris neo-

na (Marcus, 1957 : 420, fig. 71, w) ,
protrudes from the al-

bumen gland. At the ventral base of this, the male efferent

duct originates in a short dilation, constricted distally.

The long twisted prostatic portion (u) winds around the

dorsal and posterior sides of the fertilizing chamber and
continues onwards for a short way beyond. The prostatic

part is very soft and flabby, white in colour. Unlike

Chromodoris ameona (Odhner, 1934: 250-251, fig. 15)

and C. punctilucens (Odhner, 1932: 34-35, fig. 5) with

a narrow sharply twisted, very long prostatic part or

Hypselodoris saintvincentius Burn , 1962 (152, fig. 1) and

H. edenticulata White, 1952 (113-114, fig. 15) with a

relatively straight prostatic part, C. neona Marcus and

the new species have the prostatic part sectionally larger

than the vas deferens (vd). Hypselodoris edenticulata and

H.runcinata (White, 1951: 244-245, fig. 9) , both congen-

eric with the new species in the shape of their radular teeth,

also have the prostatic part larger than the vas deferens.

The vas deferens (vd) is very slender and muscular

throughout its short winding course before it dilates into

the much longer and stouter double-bent penial sheath

(s). The common genital atrium (x) receives the penial

sheath just inside its aperture on the anterior side.

The female organs receive and discharge through a

duct which opens into the posterior side of the common
genital atrium. A short distance from the atrium the duct

divides into a posterior obliquely entering oviduct (ax)

and the straight vagina (1). The vagina is wide and of

reasonable length; the upper part is tapered and opens

directly into the smallish elongate spherical spermatheca

(sp) . To the left is the narrow, three whorled duct leading

to the flattened, very large, curved spermatocyst (sc).

From the right the muscular uterine duct (od) leaves

and courses to the near-by posterior base of the fertilizing

chamber. The oviduct is exceptionally developed, with

thick walls and a voluminous lumen; its aperture (av) to

the vagina is small and controlled by a strong sphincter

muscle.

Discussion: Four species with bicuspid radular teeth

(Hypselodoris Stimpson, 1855: 388; Odhner, 1957:

252 ) are already known in Australia. Three are blue spe-

cies: H. obscura Stimpson, 1855 (388; = Goniodoris

crossei Angas, 1864: 54, pi. 5, fig. 1; Bergh, 1884 a:

648-650; = Chromodoris runcinata Bergh, 1877: 479 to

481, pi. 51, figs. 32, 33; pi. 53, figs. 5-12; 1884 b: 76-78,

pi. 6, figs. 1-4) from New South Wales; H. saintvincentius

Burn (1962: 151-152, pi. 1, figs. 1-2, text figs. 1-2) from

South Australia and a closely allied species to the first;

and H. festiva (Adams, 1861; Baba, 1949: 51, 142, pi.

18, fig. 63, text fig. 56) from Queensland and northern

New South Wales; each has yellow spotting over its

body colour, the radular teeth prominently bicuspid, and

in the first and second species at least, a short relatively

straight male efferent duct. The fourth species, the pink

H. arbuta (Burn, 1961: 55-56, pi. 15, figs. 1, 2) from

Victoria, has a series of yellow patches along each side of

the dorsum and the radular teeth with longer slender

cusps. The New Zealand Chromodoris aureomarginata

Cheeseman, 1 88 1 ( 223 ) , so similar externally to the new
species, has a rhachidian tooth and denticulate teeth in

the radula (Eliot, 1907: 346) to distinguish it from the

new species. Other species of white body colour extracted

from
li

Glossodoris" (Pruvot-Fol, 1951) plus G. nona

Baba, 1953 (208, figs. 2, 6F, 6G) differ from H. kulonba

by their denticulate radular teeth.

The specific name kulonba is taken directly from the

dialect of the Badjelang aborigines of northern New South

Wales; it describes the predominantly white bird, the

ibis.

Noumea cameroni Burn, spec. nov.

(Figures 5 and 6)

Glossodoris spec, Allan, 1947: 445

Type locality: Pool, Angourie, Clarence River, northern

New South Wales, 153° 20' East, 29° 30' South.

Material: 5 June 1941, 1 specimen (Holotype) collected

by Joyce Allan and A.A.Cameron, A.M. reg. no. C.

62846. Allan (/. c.) records three specimens as having

been collected ; of these only one, apparently the largest,

could be traced.

Further record: Minnie Waters, east of Grafton, northern

New South Wales, January 1963, 1 specimen collected

and photographed in colour by Mr. Geoff. Biddle.

Description: Alive the largest specimen measured 15 mm
in length; preserved the single specimen is 6mm long.

2 mm broad and 2.5mm high. The foot is 1.5 mm at its

widest, the contracted tail is about 1 mm long. Now uni-

formly dull brown, the living animal was rose-pink with

darker rose spots upon the dorsum, sides and undersurface

of the foot. The dorsum was bordered marginallv with a

vermilion band inside which was firstly an orange line

and secondly a trace of a white line. The rhinophor^s and

ten branchiae were light pinky-yellow (Allan, /. c).
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The body (Figure 5) is typical of the Chromodoridinae

with high sides, very narrow dorsal overhang, and short

digitiform oral tentacles (h). The rhinophores and bran-

chiae are completely retracted; the genital pore (x) is

prominent, and the long tail is narrowly rounded.

The slender labial armature is far stronger than in

either Chromodoris or Hypselodoris, but as in those

genera the armature is broken dorsally; it is composed

Figure 5

Noumea cameroni Burn, spec. nov.

Right lateral view of preserved holotype.

h - oral tentacles x - genital apertures

of bifid curved elements set obliquely. The yellow, 0.5 mm
long radula ( Figure 6 ) has the formula 32 x 20 • 1 • 1 • 20.

The narrow bare rhachis is bordered on each side by a

large obliquely shaped lateral tooth (lat) which has a
long slender cusp bearing on the inner edge two small

denticles and on the outer edge one denticle. The margin-
als, first five large, remainder becoming smaller margin-
ally, are erect narrow teeth with a curled over cusp
bearing one denticle on the outer side.

The genital organs are too decayed for detailed study.

The muscular penial sheath is surmounted by a narrow
efferent duct. Below the penial sheath, a muscular atrium
bends at right angles before opening externally.

Figure 6

Noumea cameroni Burn, spec. nov.

Radular teeth.

Discussion: This species is dedicated to Alex Cameron,

of Harwood Island, Clarence River, New South Wales,

a keen collector of opisthobranchs and other marine life.

Noumea Risbec, 1928 (p. 165; 1953, p. 85) is a small

genus of generally small species of Chromodoridinae, the

chief characteristic of which is the very large obliquely

shaped lateral tooth on each side of the bare rhachis.

The type species, N. romeri Risbec, 1928 (165-167, pi.

5, fig. 5, text fig. 48; 1953: 85-86, figs. 44-45) is a 4 to

5.5 mm long pale rose coloured slug with a white border

around the dorsum, and six branchiae. The larger size,

the differently coloured dorsal margin plus the darker

spotting, the ten branchiae, and especially the greater

number of teeth in each half row of the radula (one

lateral and twelve marginals in N. romeri) distinguish

the new species. Other species of Noumea can be separated

from N. cameroni by the characteristics listed below.

Noumea decussata Risbec, 1928 (167-169, pi. 8, fig. 6,

text fig. 49; 1953: 86-89, figs. 43, 46; Pruvot-Fol, 1951

:

96). Pure white with minute yellow spots, rhinophores

and branchiae reddish. Radular formula 28x13- 1 - 0* 1 13,

marginals with very short bases and elongate denticulate

cusps.

Noumea flava (Eliot, 1904; Risbec, 1928: 169-171,

pi. 6, fig. 7, text fig. 50; 1953: 89, fig. 47; Pruvot-Fol,

1951: 104). Yellow with a red border, rhinophores and

branchiae yellow. Radular formula 40x 19- 1 -0* 1 • 19,

lateral tooth with a blunt cusp and four denticles on the

inner side.

Noumea nivalis Baba, 1937 (1949: 54, 144, pi. 19, fig.

68, text fig. 61; Pruvot-Fol, 1951: 126). Pure white

with an orange border; rhinophores and branchiae red or

orange. Radula 30 - 35 x 24-32 1 0- 1 24-32, lateral tooth



Vol. 8; No. 3 THE VELIGER Page 195

with one denticle on inner side, 2-3 denticles on outer

side, marginals with 3-5 denticles on outer side.

Noumea parva Baba, 1949 (54, 144, pi. 19, fig. 69, text

fig. 62). Very small (2mm long), purplish brown with

darker chocolate spots on the dorsum, rhinophores and

branchiae purplish red. Radula 25x6-8* 1 •()• 1 "6-8, lat-

eral with two denticles on outside of the broad cusp,

marginals with two to four denticles.

Noumea purpurea Baba, 1949 (55, 144-145, pi. 19, fig.

70, text fig. 63). Purplish red with a white mid-dorsal

line from rhinophores to branchiae, rhinophores and

branchiae vermilion. Radula 45 x 16-17* 1
- 1 • 16-17,

lateral tooth with 2-3 denticles on each side of cusp,

marginals with 3-5 denticles.

Noumea violacea Risbec, 1930 (1953: 90, fig. 48).

Purple in colour, paler ventrally. Radula 20x8- 1 •0* 1
-

8,

lateral with one denticle on outer side, marginals with a

series of pectinate denticles.

Noumea margaretae Burn, spec. nov.

(Figures 7, 8)

Type locality: Portsea Pier, Port Phillip Bay, Victoria,

144° 43' East, 38° 19' South.

Material: 27 March 1960, 3 specimens collected by Miss

J. Hope Macpherson and party, N. M.V nos. F22 719

(Holotype) and F21231 (2 Paratypes), together with a

series of colour slides of the same number. Point Lonsdale,

Port Phillip Heads, Victoria, 26 December 1962, 2 speci-

mens under stone in rock pool on north side of rock

platform, N.M.V. no. F22 720; 21 December 1964, 1

specimen, N. M. V reg. no. F25 653.

Description: The largest specimen (Holotype) is now a

severely contracted slug measuring 5.5 mm long, 2.7mm
broad and 2.2mm high. The larger Paratype is 4mm
long, the smaller 3.5 mm. Alive, the species barely attains

10mm; the colour is palest pink on the sides of the body

and foot; the dorsum is pink, darker in the mid-line and

bordered by a narrow band of white which along its

edge may or may not have an extremely narrow broken

line of red. Sparsely scattered over the dorsum are

medium sized red or orange spots, generally in four or

five transverse areas, with one or two spots behind the

branchiae and a couple more upon the tail. The rhino-

phores are cream with distinctive orange tips; the bran-

chiae are orange-suffused pink.

The body (Figure 7) is typically elongate oval in life

and resembles most other pale smooth Chromodoridinae.

The dorsum extends laterally beyond the body only very

briefly. The foot is thickened anteriorly as usual; the

rhinophores have six to eight laminae; the branchiae

number five or six.

The labial armature is similar to that of Noumea

cameroni, being strong, very slender but divided both

Figure 7

Noumea margaretae Burn, spec. nov.

Dorsal view of holotype, alive.

dorsally and ventrally in contradiction to that species and

forming a pair of jaw panels composed of U-shaped

elements. The formula of the 0.5mm long palest yellow

radula (Figure 8) is 23x12- 1-0- 1-12. The lateral tooth

is more triangular than in N. cameroni and has a long

slender cusp bearing a single denticle on the outer side as

in N. violacea Risbec, 1953 (90, fig. 48). The first and

second marginal teeth are also somewhat triangular with

an attenuated upper part, again with a slender cusp and

one outer-side denticle. The remaining ten marginals are

all slender erect teeth, firstly short cusps which lengthen

to the third from the last and then diminish in the

last two.

Discussion: Noumea romeri Risbec, 1928 (105-107, pi.

5, fig. 5, text fig. 48) approaches nearest to the new
species but is separated from it by the lack of orange spots

upon the dorsum, the carmine rhinophores and branchiae,

and the number of denticles on the lateral radular tooth.

Both species are pinkish with a white border, have five or



Page 196 THE VELIGER Vol. 8; No. 3

six branchiae and 12 marginal teeth. The other pink

species of Noumea, N. cameroni spec, nov., has a ver-

milion border, red spots upon the dorsum, ten branchiae,

and a longer radula with more teeth (1 plus 20) per

half row.

Other pink or red Chromodoridinae from Australia are

Hypselodoris arbuta (Burn, 1961 : 55-56, pi. 15, figs. 1,

Figure 8

Noumea margaretae Burn, spec. nov.

Radular teeth.

2) where radular teeth are not differentiated from margin

to margin, and Chromodoris haliclona (Burn, 1959: 17,

pi. 3, fig. 3; 1961 : 56, pi. 15, fig. 5) which has the teeth

denticulate on both sides.

This species is dedicated to my wife, Margaret, a very

able collector of the smaller opisthobranchs. By this

record, a further genus is added to the Victorian marine

fauna and a second species of the genus to the Australian

list.

SUMMARY

Three new species of Doridacea Chromodoridinae are

described from Eastern Australia: Hypselodoris kulonba,

Noumea cameroni and N. margaretae. Noumea is a new
generic record for the continent.
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An Eastern American Freshwater Mussel, Anodonta,

Introduced into Arizona

BY

DWIGHT W. TAYLOR

Museum of Zoology, University of Michigan, Ann Arbor, Michigan

'

(Plate 28)

In studying the freshwater mussels (Unionidae) in the

collection of the California Academy of Sciences, San

Francisco, I noticed three conspicuously different speci-

mens among the western American Anodonta. Though

evidently juvenile, they showed inflated beaks and double-

looped beak-sculpture with nodes on the postero-ventral

angles of the loops. These features showed that the species

belongs to the subgenus Pyganodon (native only in North

America east of the continental divide), whereas the few

western American forms belong to Anodonta (s. s.) and

have flatter beaks with more subdued sculpture. Through

the courtesy of Leo G. Hertlein and Allyn G. Smith of the

Academy. I was able to bring the shells to the University

of Michigan and obtain a more precise identification

from Henry van der Schalie of the Museum of Zoology.

These specimens are significant not simply in document-

ing another species in the Pacific Coast drainage, but in

1 Contribution No. 5, Western American Freshwater Mollusks Pro-

gram, Institute of Malacology.

showing the difficulties of establishing a mussel outside

the area of its native range.

The three specimens are paired valves, all collected

recently dead, now catalogued as California Academy of

Sciences 38846. They were collected in Lake Mary, T. 20

N., R. 8 E., Coconino County, Arizona, about ten miles

southeast of Flagstaff, by A.G.Smith, 11 -IV- 1955. The
lake is a long, narrow, shallow body of water that is

partly the result of artificial dams; it is subject to seasonal

fluctuation that had left the Anodonta stranded. Whether

the species still lives in the area is not known. Smith recog-

nized the clams were worth special search but could find

only three. Measurements of the specimens (in milli-

meters) follow:

Specimen Length Width Height

1 33 11 20

2 25 10 16

3 20 7 12
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Specimens as young as these are not readily identified

in a genus as variable as Anodonta, but Dr. van der

Schalie believes they are referable to A. corpulenta

Cooper, or a closely related species. According to F. C.

Baker (1928: 169) A. corpulenta is widespread in the

Missouri and Mississippi River drainages, and a known
natural host of the glochidial stage is the skipjack herring,

Alosa (Pomolobus) chrysochloris. Knowledge of the life

history of mussels and of their host specificity is so sparse

that one cannot infer this Anodonta passes its larval life

in only this one species of fish.

Seemingly the only plausible explanation for the occur-

rence of this eastern Anodonta in Arizona is that it was
introduced in the larval stage (glochidium) on fishes.

Various species of eastern American fishes have been

introduced often into Arizona, and specifically in the

region around Flagstaff (Miller & Lowe, 1964). No
one introduction can be cited as responsible for the

Anodonta since its range of host specificity is unknown;
the one established host, Alosa chrysochloris, is almost

surely not the fish responsible in this case.

In spite of the thousands of intentional transplants of

fishes from eastern America to the west, this is the only

known case in which a mussel has been introduced along

with the fishes. This is powerful testimony to the difficulty

of accounting for any part of mussel distribution by
passive dispersal. Coupled with the complex life cycle of

mussels, and the observed correlation of distributional

patterns with present or known former stream drainages,

this occurrence in Arizona emphasizes that the geographic

distribution of mussels is determined both by present-day

biological factors, and the past continuity of their complex

environment through geologic time. This conclusion has

been expressed previously by van der Schalie (1945,

1963) on the basis of studies mainly in the eastern

United States, but obviously is of more general application.

ACKNOWLEDGMENTS

I am indebted to Leo G. Hertlein and Allyn G. Smith.

California Academy of Sciences, San Francisco, for loan

of the specimens; Henry van der Schalie, University of

Michigan, Ann Arbor, for identification of the species;

and R. R. Miller, University of Michigan for discussion

of fish distribution and transplantation.

LITERATURE CITED

Baker, Frank Collins

1928. The fresh water Mollusca of Wisconsin. Part II.

Pelecypoda. Bull. Wise. Geol. Nat. Hist. Survey 70 (2)

:

1 -495; pits. 29-105

Miller, R. R. & C. H. Lowe
1964. An annotated check list of the fishes of Arizona in

Lowe, C. H. (ed.), The vertebrates of Arizona. Tucson

Univ. Arizona Press: 133 - 151

Van der Schalie, Henry

1945. The value of mussel distribution in tracing stream con-

fluence. Pap. Mich. Acad. Sci. 30: 355 - 373

1963. Mussel distribution in relation to former stream conflu-

ence in northern Michigan, U. S. A. Malacologia 1: 227-236



The Veliger, Vol. 8, No. 3 [Taylor] Plate 28

Figure 2

Figure 1 : Dorsal View

(photographs by

(see text for

Figure 2: Lateral View

Allyn G. Smith)

explanation)



7



Vol. 8; No. 3 THE VEL1GER Page 199

Notes on Fusinus harfordii Stearns (Mollusca : Gastropoda)

BY

ROBERT R. TALMADGE

Willow Creek, California

Observations and experiments carried out during 1964

and 1965 indicate that Fusinus harfordii Stearns, 1871,

is not only a nocturnal intertidal mollusk, but has soft

parts which are somewhat luminescent. These observa-

tions and field experiments were made at Point Delgada,

Humboldt County. California (Lat. 40° 01' 17" N: C.

& G. S. Chart No. 5773, Shelter Cove, Rev. Aug. 26, 1963)

.

On the 1964 trip no special equipment was taken into

the field and observations were made in situ. However,

in 1965 a one-gallon cast-glass aquarium was available,

and several plastic containers were utilized to bring fresh

supplies of sea water to the camp. Rocks were taken from

the reef and placed in the tank to provide the animals

a more natural substrate. With this simple equipment it

was possible to maintain the animal alive and active for

several hours. The defects of such equipment are: the

tank is too small ; there is no device to keep the water cool

and to aerate it; because the aquarium was of cast glass,

photography through its walls was impossible. The sea

water in the container soon became warm and unless it

was frequently replaced the animals became sluggish

within a short time.

Specimens of Fusinus were collected and observed on
August 6 and 7, 1964, in a narrow surge channel seaward
and just north of Point Delgada. The first of the two tides

each day occurred just before daybreak and visibility,

consequently was limited. The snails were seen at some
distance (10 to 12 feet) and were quite exposed, situated,

as they were, on the nearly vertical faces of the surge

channel and on the tops and sides of exposed rocks in the

channel. It was easy to pick out the animals as there was
a weak, yet definite glow in the rose-pink soft parts which
were extended at the time. During the second tide there

was sunlight on the reef. The mollusks were then found
hidden in deep crevices amid the rocks.

On May 30/31, 1965 the small aquarium was used

and further and more detailed observations were made,

both in the same surge channel and at camp. Again, the

first tide occurred very early in the morning and the light

was the usual soft neutral grey of pre-dawn. One speci-

men was noted under water and across the surge channel

at a distance of about ten feet. The faint pinkish glow

was quite noticeable in the dim light. A second snail was

located by the same means in two feet of water. Both

were placed in the tank at camp. As the light, in the

meantime, had become quite bright, the two snails sought

shelter under the loose rocks in the aquarium. When
the tank was transferred into the dim light of a tent, the

animals became more active and moved out onto the

tops of the rocks; again the soft parts showed a weak

luminescence. This same experiment was repeated several

times; the glow in the flesh however, became progres-

sively weaker as the water warmed, or the animal

weakened.

The second low tide was during complete daylight with

a strong sun. One snail was found, hidden in a deep

crevice covered with algae. The same experiment was

repeated and basically the same results were obtained,

although not to as full an extent as on the first day.

This, possibly, was the result of the day being very sunny

and there being little fog; possibly also because the work

was carried out more than an hour later than on the

previous day.

Further study of this luminescence of the soft parts of

Fusinus harfordii is needed in order to establish if it is

due to some regional influence (diet?), time of day,

water temperature, or some other factor not considered at

this time. Observations are also desirable on other mem-
bers of the same genus to ascertain if they too exhibit this

same trait.
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A New Cowrie Species from the Southern Philippines

(Mollusca : Gastropoda)

BY

CRAWFORD N. GATE

12719 San Vicente Boulevard, Los Angeles, California 90049

(Plate 29)

In recent years a number of important discoveries

have been made in the family Cypraeidae. Many new

populations of well-established species have been located,

extending the known ranges in several instances. None

of these, however important, have been more significant

than the two heretofore relatively obscure species Nota-

dusta martini martini (Schepman, 1907) (see Cate,

1963), figured here in color (Plate 29, figures 5, 6) for

the first time, and Cypraea (Lyncina) leucodon (Brod-

erip, 1828) (see Clench, 1960) ; the former species is

represented, as far as known, by only eight fossil shells

from northwest Celebes, and two specimens from Recent

times; C. (L.) leucodon by just two shells collected years

ago from indefinite localities. A Recent specimen of

the first mentioned species was obtained off Pulo Island,

Marinduque, and a newly collected third specimen of

the latter species off Secubun Island, Tawi Tawi Group,

both in the Philippine region. Interestingly enough, one

of the two N. m. martini (in 1962) and the C. (L.)

leucodon shell (in 1965) were collected ex pisce, from

fish commonly called "groupers."

To these reports there can now be added the discovery

of a new cowrie species:

Cypraea (Lyncina) porteri Cate, spec. nov.

(Plate Q9, Figures 1 to 4)

Shell strong, solid, ovate, broadly flattened; terminals

prominent, thickly outlined; margins heavily calloused,

upswept, angularly shouldered; aperture straight, very

narrow; teeth numerous, fine, sharp, and restricted to

edge of lip, columella, and fossula, completely traversing

these adaxially; fossula small, deep; primary dorsal color

dark cafe-au-lait, and except for a broad central axial

mantle line, upper surface generously speckled with

blurred, somewhat obscure, light chestnut-brown spots,

with an occasional larger dark brown spot in the marginal

area; terminals orange to pale orange; teeth and inter-

stices off-white.

Shell measurements (in millimeters)

:

Length 47.0

Width 34.7

Height 25.3

Number of teeth

:

Lip 33

Columella 32

Although Cypraea (Lyncina) porteri is a remarkably

distinct species it would perhaps seem most closely related

to C. (L.) sulcidentata Gray, 1824. The thickening of the

shell margins and terminal collars, the peripheral outline,

the concavely-swollen base, and the short, sharply defined

teeth, for the most part, complete the visual affinity they

appear to have. However, the height in relation to the

width of the shell and their shell colors are distinguishing

features in their separation.

This unique shell was collected during mid-April 1965.

The mollusk was found living in approximately 48 feet

of water just at the entrance to a coral cave. The location

(type locality) is Manubul Island (5° 35' North Lati-

tude; 120° 47' East Longitude), a part of the Tapul

Group, just south of Lapac and Siasi Islands. The holo-

type will be deposited in the California Academy of

Sciences Geology Department Type Collection, where it

will bear the catalog number C.A. S. Geol. Type Coll.

No. 12756.

I have named this new cowrie species in honor of Mr.

Joseph A. Porter of Zamboanga City, who found the shell

and was the first to suspect that it might be new to science.
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NOTES & NEWS

Size Ranges in Cypraea:

Emendation

BY

JERRY DONOHUE
Allan Hancock Foundation for Biological Research

University of Southern California

Los Angeles, California 90007

During the preparation of Figure 1 of "Size Ranges in

Cypraea" published in The Veliger 8(1): 22 an unfortu-

nate error occurred, and the scale of the abscissa, as given,

is twice that intended: the numbers, top and bottom,

should read 0, 10, 20, . . . 160 instead of 0, 20, 40 . . . 320

as given. I regret any raised eyebrows this may have

caused among cypraeologists.

In addition, one spelling error in the Figure has been

noted : "ebernea" should read "eburnea." I would not be

surprised if there were others, particularly with regard to

the terminal "i" vs. "ii" where current usage is, unfortu-

nately, not entirely consistent.

Finally, a typographical error occurs in the penultimate

line of the text: for "6mm" read "8mm".

Editor's Explanation and Correction for

The Mitridae of Fiji

BY

WALTER OLIVER CERNOHORSKY

Vatukoula, Fiji Islands

On page 73 of our October issue there appears in the

fourth paragraph in column one the statement:

"The animals are hermaphroditic, and ..."

The author, in the manuscript submitted, had written:

"The animals are bisexual, and ..."

Since the term "bisexual" is often erroneously interpreted

as meaning "two separate sexes" and as it is our editorial

policy to avoid the use, as far as is humanly possible, of

terms subject to misinterpretation, we substituted the

correct, unequivocal equivalent for the term used by the

author. We have been informed, however, that the author

had intended to convey the fact that the sexes in the

Mitridae are, indeed, separate. It is very unfortunate

that we had not found it possible to ascertain from the

author - due to pressure of time - whether or not he was

aware of the correct meaning of the term he used. The

sentence, therefore, should read

:

Sexes are separate, and the male verge has been found

to attain almost half the size of the shell in some species.
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A. M. U.

Pacific Division

Meeting in Seattle

The nineteenth annual meeting of the Pacific Division of

the American Malacological Union will be held for the

first time at the University of Washington in Seattle.

Anyone interested in malacology and conchology is in-

vited. Notices will be mailed to members approximately

April 1, 1966. Non-members of AMU who wish to be

notified as to accommodations when final arrangements

are made, may send their names and addresses together

w ith 50 cents to AMU - PD Secretary, Mrs. Elsie Mar-

shall,2237 N. E. 175th Street, Seattle, Washington 98155.

E. M.

California Malacozoological Society, Inc.

announces:

Backnumbers of

THE VELIGER
and other publications

Volumes 1 and 2 (facsimile reprint edition) $6.-*

(not sold separately)

Volumes 3 and 4 out of print

Voki^e?Stn$5.-

Votafttep6pi$7i.t Volume 7: $10.-
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[Biology of Tegula funebralis (A. Adams), edited by

Abbott, Blinks, Phillips and Stohler]

Items marked with * are subject to sales tax in the State

of California; residents of that State please add the

appropriate amount to their remittances.

Please note : Back numbers sold in complete volumes only

with a handling charge of $-.25 for 1 to 3 vols., $-.50

for 4 to 5 vols., and $ -.75 for 6 to 9 vols.
;
subscriptions for

the current volume at the stated price accepted until

March 15 of each year and on a per volume basis ONLY.
Send orders with remittance to:

Mrs. Jean M. Cate, Manager, 12719 San Vicente Boule-

vard, Los Angeles, Calif. 90049. Please, make checks

payable to C. M. S., Inc.

Shipments of material ordered are generally made within

two weeks after receipt of remittance.

Backnumbers of the current volume will be mailed to new
subscribers, as well as to those who renew late, on the

first working day of the month following receipt of the

remittance. The same policy applies to new members.

Affiliate Membership in the C. M. S., Inc. is $5.- for

the fiscal year July 1, 1965 to June 30, 1966. Postage for

members living in Canada, Mexico, Central and South

America 60 cents, for members living in any other foreign

country 80 cents additional. Membership open to indi-

viduals only - no institutional memberships. Please,

send for membership application forms to the Manager
or the Editor.

Members receive The Veliger free of further charges and

are entitled to purchase one copy of any supplement pub-

lished during the current membership year at a special

discount (to be determined for each supplement).

Please note that dues for the year 1966/1967 have been

increased by order of the Executive Board of C. M. S., Inc.

Dues will be $6.-, $6.60 and $6.80, respectively (see

above )

.

The California Malacozoological Society, Inc.

is a non-profit educational corporation (Articles of In-

corporation No. 463389 were filed January 6, 1964 in

the office of the Secretary of State ) . The Society publishes

a scientific quarterly, the VELIGER. Donations to the

Society are used to pay a part of the production costs and

thus to keep the subscription rate at a minimum. Donors

may designate the Fund to which their contribution is

to be credited: Operating Fund (available for current

production)
;
Savings Fund (available only for specified

purposes, such as publication of especially long and signi-

ficant papers) ; Endowment Fund (the income from

which is available. The principal is irrevocably dedicated

to scientific and educational purposes) . Unassigned dona-

tions will be used according to greatest need.
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Contributions to the C. M. S., Inc. are deductible by
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gift tax purposes under section 2055, 2106, and 2522 of
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INFORMATION DESK

Ethics for Collectors

BY

RUDOLF STOHLER

Department of Zoology, University of California

Berkeley, California 94720

Your editor has received a number of communications

pertaining to one particular subject, though each letter

or postal card raised a different point. It is deemed useful,

therefore, to answer these various inquiries here in a more

general and more comprehensive way.

We are aware, of course, that a large number of our

readers are familiar with the procedures outlined below;

however, from the correspondence alluded to, it appears

that there is an influx of newcomers to the field of mala-

cology and conchology who are not acquainted with these

points. It is for their benefit that we are discussing the

subject here.

Beginning collectors encounter many difficulties regard-

ing such questions as what to collect, how to collect, how
to preserve and how to identify their finds. While there

are books available that will serve as excellent guides,

many collectors are not aware of them (we mention here

"How to Collect Shells" published by the American Mala-
cological Union, only as an example of one such book in

the English language). In desperation the novice turns

to the curator of the nearest museum, or, if none is

conveniently available, he will write to experienced col-

lectors and specialists trying to enlist their help.

This, in itself, is possibly the very best way for any

beginner to get expert help and encouragement. It is,

however, also a way beset with many pitfalls that may

lead to unfortunate situations and even may end in rebuffs

and discouragements. If the beginner, whether he be at

the very beginning or more advanced, will heed the few

pointers outlined below, then he should find the relation-

ship with the advanced student and with the expert very

pleasant and rewarding.

It is important to realize that even in a so-called public

museum the curator is employed to perform many impor-

tant tasks; to aid a beginner is only one and, at best, a

minor task. The time of the curator is too valuable to

perform such chores for the amateur that he should learn

to perform for himself. Perhaps at the very beginning a

few general hints and suggestions may be given, but it

is for the student then to proceed from these and to

endeavor to become independent of the helper as fast as

possible. Careful study of books and pamphlets that the

curator may have suggested will be the first order of

business.

Unfortunately, it is not only the beginner who very

frequently offends. It is not unknown for collectors to

send a large quantity of specimens to some individuals

specializing in a particular group of organisms (be it

plant or animal, insects or mollusks) with the demand

to return the specimens, completely identified, by return

mail. Your editor has seen letters demanding return by

air mail ! The proper procedure is what common courtesy

would suggest.

1. A letter to the specialist might inquire whether it

would be possible for that specialist to identify some spe-

cimens.

The number of specimens involved should be stated;

if, for any particular reason, an early identification is

necessary, this should be clearly stated and explained ; the

deadline by which the identifications are needed should

also be clearly stated. It is then up to the expert to inform

the enquirer whether or not he can take on the task.

2. Assuming that the specialist has indicated his willing-

ness to undertake the work, then the material should be

carefully packed and shipped. By this we mean, of course,

that every specimen is properly labeled as to locality and
any other data available. Often the origin of a specimen

may be the most important clue as to its identity. Also,

the specimen (s) should be so packed that no damage will

occur, even with unusually rough handling during trans-
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shipment. On the other hand, the material should not

be so packed that the recipient has to spend hours to free

it from sticky tape, staples, and other impedimenta.

3. It should be clearly understood that if the material

submitted includes taxa new to science, it will be the pre-

rogative of the specialist to describe them and to name

them.

It is completely improper to submit material that is

suspected to be undescribed and to request that the spe-

cialist name it for the finder. The choice of the name is

entirely up to the describer.

4. It should be clearly understood, also, that all new type

material becomes the property of some public museum
where it will be properly curated and available for study

by serious students.

Because of the extreme importance of the type speci-

mens, no private collection should retain holotypes. Too

many types described in years past have been lost, and

much (though not all) of the confusion existing in taxon-

omy today is due to these losses.

5. The sender should expect that the specialist will retain

some specimens for his own collection, and should, there-

fore, include enough duplicates. In fact, all specimens

from a particular locality should be submitted at the

same time as the intra-population variability may be of

importance.

The identification of some specimens may require many
hours of search in the pertinent literature; and while it

might be said that the expert thereby learns something,

it should be remembered that for him this work is not a

novelty and that he has had to perform similar searches

many times in his career. Usually no compensation for

the time involved is asked and we have never seen it

offered. Some specialists, however, announce that they
will identify specimens at a fixed price for each specimen,
provided they are common, well known forms.

6. The sender should reimburse the specialist for the
return postage.

7. In the correspondence every effort should be made to
be clear, concise, and precise. The specialist will be temp-
ted to take a dim view of a poorly written letter in which
the writer refers to his specimens by such terms as "cyps"
(for Cypraeids) or "eps" (for Epitoniids), etc. Such ter-

minology may, possibly wrongly, give the impression that
the person inquiring is not very serious about his hobby.

8. If a publication results in which the sender uses the
identifications made by the expert, there should be clear,

unequivocal acknowledgment of that work. This is, actu-

ally, a double-edged sword ! Firstly, it does give credit to

the specialist for his work; but, secondly, it also places the

responsibility for the correctness of the identification

upon the shoulders of the expert.

It might be desirable to mention that sometimes collec-

tions have been in the hands of specialists for very long

times. We have personal knowledge of such a case where

it was well over 20 years before the work was completed.

While this may sound startling it is, nevertheless, quite

justifiable in many instances as the specialist has many

demands upon his time and his special knowledge; how-

ever, it is a common enough experience that the work

on one collection will require comparison with other, sim-

ilar material already curated as well as with unidentified,

unsorted, raw material from other collections. In science,

whatever the branch, a definitive answer is rarely reached

easily and quickly.

BOOKS, PERIODICALS, PAMPHLETS

A Revision of F. W. Hutton's Pelecypod Species

described in the Catalogue of Tertiary Mollusca and

Echinodermata (1873)

by A. U. E. Boreham (Mrs. G.H.Scott). New Zealand

Geological Survey Paleontological Bulletin 37, pp. 1-125,

plates 1 - 20, figures 1 - 6, May, 1965.

This revision of the 68 species of pelecypods of Tertiary

age described by Hutton in 1873 includes modern nomen-
clature, synonymy, discussion and illustrations. The types

of four species are missing but topotypes, where available,

are illustrated. The species are distributed in 20 families

and 42 genera. One new genus Kaparachlamys in the

family Pectinidae, with the type species Pecten hectori

Hutton, a Pliocene species, is described. This new genus

superficially resembles Placopecten Verrill but is be-

lieved to have been derived from the New Zealand genus

Phialopecten Marwick. Quantitative studies were made
of the species of Cucullaea, Serripecten, Lima, and Eu-
crassatella.

This paper will facilitate the work of those concerned
with the identification and biologic relationships of the

species.

LGH
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A Study on the Olividae of the China Coast

by Lou Tze-Kong. Studia Marina Sinica, no. 7, 1965,

pp. 1 - 12, 9 figs, in text, 1 colored plate (English summary,

pp. 11-12, text in Chinese), January, 1965.

This article, in a journal that is available in few if any

libraries of this country, is a list of 43 species of Olividae

reported from the China Coast. The author reduces these

to 12 that he regards as actually occurring, all of which

are shown in color in a remarkably good color plate. Line

drawings show variation in some forms.

[The reviewer is indebted to Dr. Dwight Taylor of the

U. S. Geological Survey, Menlo Park, for opportunity to

examine this publication.]

MK

Photography for Scientific Publication, A Handbook

by Alfred A. Blaker. W. H. Freeman and Company,

San Francisco, 1965. 158 pp., 55 illust. in text, 20 pits.

(2 in color) ; $8.00.

This book, in a well organized series of chapters, deals

with fundamental problems encountered by every person

who endeavors to make photographic records for scien-

tific papers. As the book is based on many years of practical

experience by the author (who is Principal Photographer

in the Scientific Photographic Laboratory at the Univer-

sity of California in Berkeley) much can be learned even

by advanced photographers. We are particularly impressed

with the care exercised in the preparation of "set-up"

diagrams which in themselves are almost sufficient to

impart all the necessary directions needed by the average

photographer to obtain superior results. While there is no
chapter or even a paragraph dealing with the photogra-

phy of mollusks and their shells, this is not a true lack

since the methods given for some of the other objects

are directly applicable to this particular group of animals.

This book can be recommended without reservation to

all serious students of malacology and conchology who
may wish to make their own photographic records of their

studies.

RS

A New Species of Polycera (Nudibranchia)

from California

by Ernst Marcus. The Nautilus, vol. 77, no. 4, 128 - 131.

April 1964.

Polycera hedgpethi is described and illustrated. The type
locality of this new species is Marshall's Landing, in

Tomales Bay, Marin County. The specimens were collec-

ted on Buuula in 15 feet of water.

RS

Results of the Puritan-American Museum of Natural

History Expedition to Western Mexico.

20. The Recent Mollusks: Gastropoda:

Harpidae, Vasidae, and Volutidae

Americ. Mus. Novitates No. 2202; pp. 1 - 23; 9 Text figs.

Vasum [Vasum) pufferi is described as new. Type locality

is in the Carrizo Mountain, Imperial County, California,

Imperial formation, Pliocene, UCMP locality A- 1269.

RS

On the Dove-Shell Anachis pulchella fBlainv.)

by Eveline and Ernst Marcus. An. Acad. Brasil.

Cienc. vol. 36, no. 3; pp. 359 to 366; 5 text figs.

30 Sept. 1964.

In their usual thorough manner the authors discuss the

shell, soft parts, pallial organs, alimentary tract, and re-

productive systems of male and female of this species.

RS

"Australorbis heliophilus" (Pulmonata, Planorbidae)

by W. Lobato Paraense and Nicanor Ibanez H.

Rev. Brasil. Biol. 24 (3) : 249 - 258; 38 text figs. Octo-

ber 1964.

Based on studies of shells and anatomy of a large number

of specimens the authors present an enlarged diagnosis of

the species originally described by d'Orbigny as Planorbis

heliophilus. An extensive key is included to assist in differ-

entiating between 1 1 different, though closely related spe-

cies of this genus. It is stressed that shell characters alone

are diagnostically insufficient and unreliable; an anatom-

ical examination is essential for definitive identification.

RS

Rezente Land- und Susswassermollusken der siiditalien-

ischen Landschaften Apulien, Basilicata und Calabrien

by Lothar Forcart. Verhandl. Basler Naturforsch. Ge-

sellschaft, vol. 76, no. 1, pp. 59 - 184, 5 text figs., 4 maps;

June 30, 1965.

The material, comprising close to 150 taxa, is system-

atically arranged. Following the systematic-taxonomic

portion is a chapter discussing the zoogeographical results

of this thorough study of collections from an area hereto-

fore only sketchily known as far as mollusks are concerned.

In addition to distributional data the author includes
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information on anatomical details, where known or estab-

lished. To avoid duplication of effort references of rela-

tively readily available works with illustrations are given.

A complete list of the literature cited is also presented.

RS
On the Identification of Schixopyga calijorniana Conrad,

a California Pliocene Gastropod

by W. O. Addicott. Proc. Calif. Acad. Sci., 4th. Series,

vol. 33, no. 2, pp. 47 - 58, 11 figs., 1 table. 28 July, 1965.

Many difficulties have been encountered in attempts

to identify Conrad's species Schyzopyga calijorniana

(now assigned to the genus Nassarius). This was due to

the inadequate description and illustration by the original

author. As a consequence about six other species have,

at one time or another, been identified with N. californi-

anns. The author brings order into this chaos, presenting

excellent photographs of all species involved and giving

a clear and convincing account.

RS

A Preliminary Revision of the Living Species of

Eucrassatella (Pelecypoda: Crassatellidae)

by Thomas A. Darragh. Journ. Malacol. Soc. Austral,

no. 8; pp. 3 - 9; 3 pits. 15 December, 1964.

The author recognizes five species of Eucrassatella,

based on material in three Australian Museums. He un-

covered much confusion and therefore limits his study

to the specimens in the collections, pointing out that he

only takes the labels from all parts, except from the

northern coasts of Australia, at their face value. Because

of the confusion, he purposely omits records from litera-

ture. Fine photographs of the holotypes of the species

he considers valid, accompany the discussion.

RS
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Haliotis pourtalesii Dall
, 1881 from Yucatan

BY

HAROLD W. HARRY

A & M Marine Laboratory, Galveston, Texas

(Plate 30)

Nearly all records of abalones on the east coast of

North and South America are based on single specimens,

found many years apart. The original specimen of Haliotis

pourtalesii Dall, 1881 was the only one found at the

time. According to the published record, it seems to be

the only one ever taken which contained the animal. The

dramatic history of our knowledge of this rare species has

been recounted in the monograph of Haliotis in the

Western Atlantic by the late Richard Foster (1946).

Briefly, the specimen found in 1869 was destroyed in the

Chicago fire of 1871, and described from memory by

Dall in 1881, without benefit of illustration. No other

material was taken until John B. Henderson (1915)

found another solitary specimen, in 1913. After deliberate

search of the area in 1916 he found a few more. According

to Foster, a few additional specimens were found by

L. A.Burry in 1944. Until Foster's monograph appeared

H. pourtalesii was the only abalone known from the

Western Atlantic. Foster described a second species, H.

barbouri, which was based on a single empty shell found

on the Copacabana beach at Rio de Janeiro, Brazil. This

is about the size of H. pourtalesii, but seems to differ

significantly in sculpture and form, as well as color.

Haliotis pourtalesii has heretofore been known only

from the shelf along the Florida Keys, from depths of 65

to 200 fathoms. On 8 September 1965 the National

Science Foundation's Research Vessel, the Anton Bruun,

dredged a specimen from 67 fathoms off the northeast

corner of the Yucatan Peninsula, at Lat. 21° 21' North,

Long. 86° 30' West (see Plate 30, Figures 1 and 2). While

this record does not extend the range bathymetrically,

it does extend it geographically to the southwest by four

hundred miles. The specimen had recently died, for there

was only slight erosion of the nacreous lining, which is

thin and white. The maximum dimension, or length

(homologous to "maximum diameter" of helicoid shells

such as Turbo and Helix) is 15 and a fraction millimeters,

or f of an inch. The sculpture, color and form agree

closely with the previous descriptions prepared by Hen-

derson and by Foster. The last 5 of the 19 holes are

open. The color is light brick red, with splotches of tan

running alternately with red ones between the line of holes

and the columelhr border. The apex appears to be

smooth, but it is slightly worn so that the specimen is not

reliable for determining apical sculpture. The dredge

haul containing this single specimen had also a few red

nodules of calcareous algae, about 7 cm diameter, and

some fragments of a green foliose alga. This suggests

the bottom was composed chiefly of bedrock. The speci-

men is deposited in the collection of the A&M Marine

Laboratory, Galveston, Texas.

Depth may be an important factor in the rarity of

this species. The R/V Anton Bruun dredged at only one

other place in the area, which was shoreward (west)

of this station, and at 25 fathoms. Although that haul

contained a rich molluscan assemblage, duplicating many

of the species cited and figured by Rice & Kornicker

(1965) from the Campeche Bank, Haliotis was not

among them. The fact that those authors do not cite

Haliotis from the Campeche Bank may be because only

three of the 22 samples on which their study was based

were from deeper than 65 fathoms.

This work was supported by the National Science

Foundation as a part of the Southeastern Pacific Biological

Oceanographic Program and NSF grant GB-2753.
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The Size of Ninety-Five Thousand Cowries

BY

FRANZ ALFRED SCHILDER

AND

MARIA SCHILDER

University of Halle, German Democratic Republic

During our investigations in the taxonomy and phyto-

geny of cowries we have measured, in these last forty

years, the length of all available cowrie shells in tenths of

millimeters; if we add a few reliable measurements pub-

lished in papers or communicated to us by letters from

various conchologists, the total of measured adult speci-

mens of Recent Cypraeidae amounts to 94923.

The random distribution of a series of specimens usually

is characterized by the arithmetic mean and the standard

deviation (usually indicated by the Greek letter sigma)
;

if we designate the total number of specimens by n, the

value of the variants (i. e. length of shell) by V, the differ-

ence betwen the mean and the variants by D, and the

frequency of each variant by /, the formula for the arith-

metic mean M=(2V.j):n and that of the standard

deviation a — ± y (2D\/)': (n-'l
) ; the sign 2 indicates

the sum of the subsequent products.

In symmetrical normal histograms the interval between

the two sigma classes (M±ir) comprises 68.27%, i.e.

practically § of the specimens; usually no specimens are

to be expected beyond the limits M± 3cr, as this interval

theoretically includes 99.73%. The actual size of recorded

extreme specimens, i. e. of minima and maxima, is rather

accidental
;
knowing them is interesting for collectors who

believe that they posses the smallest or the largest known

specimen, but it is of no use in calculating the usual

length of shells. The coefficient of variation expresses the

variability in per cent of the average size, i. e. by the for-

mula v = 100 a : M; it allows a comparison of the

variability of samples the means of which differ much

from each other.

These usual scientific methods can be simplified as

follows:

1. Wereplace the arithmetic mean by themedian {Med)
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Figure 1 Figure 2

Figure 1 : Haliotis pourtalesii Dall from Yucatan. Dorsal View.

Figure 2 : Ventral View of Shell.
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i.e. the class in which the central specimen is to bei

found if we arrange the specimens according to their

length. The median is preferable to the mean value
especially in skewed distributions (which are frequent in

animal sizes) as it excludes the influence of some few
extreme specimens known accidentally; the median is

situated between the mean class and the summit (mode)
of a skewed histogram.

2. We replace the standard deviation (the exact cal-

culation of which is rather tiresome) by the limits of the
usual variation, i. e. the range of two thirds of the speci-

mens approaching the median. These limits, designated as
s, and s2

,
practically coincide with the limits of the stand-

ard deviation, as they include 66.67% instead of 68.27%
of specimens. They can be calculated easily by cutting off

i of specimens at each end of the histogram. A further
advantage of this method consists in the fact that in
skewed histograms the difference between the median and
the two limits of usual variation need not be identical,
while the official sigma-method treats all distributions as
symmetrical. In every case these limits of usual variation
should be preferred to the limits of 90% published by
Schilder, 1961, and Donohue, 1965.

3. The expected extreme limits called d and e* coincide
with the treble usual variation, i. e. they constitute the
classes Med - 3(Med - t) and Med + 3(s= - Med)

;

the recorded minima and maxima often exceed these the-
oretical extreme limits, but they often do not attain them,
especially if the number of examined specimens is too
small. In some cases (e.g. Zoila friendi, Erosaria tomlini,
Cnbrana gaskoini, etc.) the theoretical figures of d and
e2 are quite nonsensical; they point to the fact that such
species comprise units of small and of large specimens
more frequently than intermediate units, so that the his-
togram does not represent the usual random distribution
and the calculated standard deviation becomes too large.

4. The coefficient of variation is calculated in an ana-
logous way to the official method: the half difference

between the limits of usual variation is divided by the

median (v — — : Med = (sa-s,) : 2 Med).

The results of these simplified methods generally agree with those

calculated in the usual way. This fact may be illustrated by the

results obtained in 2349 Erosaria erosa:

1. arithmetic mean 30.4 ± 0.10 mm
median 30 mm

2. standard deviation 5.5 mm
therefore M ± <r 24.9 35.9 mm

usual variation su s,

3. extremes M -+- 3 a

extremes e„ e2
4. coefficient of variation, exact

simplified

25,

14,

15,

18

17

35 mm
47 mm
45 mm

The following list contains the cowrie species and pro-
species according to the zoogeographical paper published
in The Veliger 7 (3) : 176 - 183 (Schilder, 1965) ; some
few well recognizable minor taxa have been added sol

that the total amounts to 195 taxa.

n

mi

ei

Si

The eight columns indicate

:

= the number of examined specimens
= the recorded minimum length

= the expected extreme lower limit

= the lower limit of usual variation
Med= the median length

S2 — the upper limit of the usual variation
e2 = the expected extreme upper limit

ma = the recorded maximum length
v = the calculated coefficient of variation

Note: In some species the values of mi and ma differ from those
published by Schilder & Schilder, 1964, as we have received
recently many letters containing data about still smaller or larger
specmens. The figures indicating e, and e2 have been placed in
parentheses, if they exceed the recorded mi and ma respectively
in some cases such figures of et should be rejected (see above). The
figures ind.cating s„ Med, and s2 have been put in square brackets
in the cases where we have calculated the mean and the standard
dev.at,on .nstead of using our simplified methods, because the num-
ber of known specimens is too small.
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Table 1

name n mi ei Si Med Sjj e2 ma V

BeTnaya

teuleri (Cazenavette, 1846) 36 41 (36) 44 48 52 (60) 56 8

fultoni (Sowerby, 1903) 9 52 (47) 55 59 62 (68) 62 6

rntpi Sptttt fifp 1 Qfi"3 iX 76

decipiens (Smith, 1880) 53 46 (41

)

49 53 57 65 70 8

Tpnn<:t'n 1 Sr^wTTDT}

\

p
1 R4.fi 1 35JJ 52oc (32) 58 71 78 (92) 82 14

f h py cit /? c I f.icvnTM 1 R4.Q *\ "iRJO fi4 / 59

1

69 74 77 83 92 5

hipndi (Gray 1831 1 73 42 (17) 53 71 86 (116) 99 23

•jt) nrm Yi ntn ( ( » act/" /~*t kt I IfflUT^lf1(11(1 ^ VJAoivUlIN ^ J
4R (21) T45

1

\54^|_JT
|

T631 (81) 71 17

T/lf ff/M f liATlvSv 1 Qid-Q \TUjjtlll ^VjUI lUJN , 1:7x0 )

4. 4-7 T451 L^J T551 (67^
[
Ul

i
58 10

O iprlUCypTufiU

yyyi <% / e (I TXT XT ACT TO 1 V 1THUS \ AjIIN INAt Uo
;

1 / JO 1
1 90 ^nJU [CO) 36 40 46 58 66 12

$t£>rmfnTi ft ( I txtxtattttc 1 7tR iJit. f CUI Clf Itl \ J-jIIN IN Ac, Uo. 1 / JO 1
309 30JVJ (13) 41 55 69 97 97 26

AfctCTocypTCtcci

ZCOrd
\
JuINNAEUS, 1/Ooj 1QR 39OC 52 71 91 (127)

\ 1 c 1 )
124 27

//1Y1I1I f ( 1 T XT XT AT7TTO 1 / / 1 1CCTVUS ^LINNAEUS, 1 / / 1 1
fil 4ft [CU

)
78 104 122 (158) 157 21

CtTVlTlCllQ, ^ JVlElS ERj IOttO
]

14.fi 37j /
(25*1
v
co

1
51 64 79 (109) 100 22

Ax<zun£itz

Vdleutld ^iERRY, iollj cD Rn R4 Q9Jc 100 (116)
[ 1 lO) 103 9

Tticippci (Linnaeus
j
1758) 77100 t

4-0 [OC
)

58 71 79 95 97 15

1 171 35 (33) 45 51 58 72 78 13

Ill'rf rl y-» / P»ITT TXT 1 7Q 1 \nisirio I

v
vjMELINj I/jI

J

37fi 00 42 50 ^4 63 (81

)

[
OL

)
79 12

(/V/T\1/T*l XI ITT T T^T? T> 1 vj -\ I t^ruyurld OCrllLDLK, 1 JJU ^nfi 17i / 18 36 45 61 (93)\ ^o j
81 28

ClTClUcCu [ L*IN JN ALU b, 1 / JO ] CO\J 1 95 ('23) 37 44 56 (80) 79 21

— immanis Schilder & Schilder, 1939 99

1

jj in DO 74 U 1 (95
1

)

\ J
94 10

TnocuhfcTQ Schilder, 1932 JUU 33 C23)^j

;

47 59 70 (92) 88 19

2R1 93 f 18) 30 36 40 48 49 14

mauritiana (Linnaeus, 1758) 'to [OU) fi9OC 78/ o on 1 141 1 TT 1 30 18

scurra (Gmelin, 1791) 7R/D 97 [Ct) 39o c O U 44 51 17

— indica (Gmelin, 1791

)

1 ^
1 j 07.CO [it) 3nJU JO 57 20

Talparia

talpa
{
Linnaeus, l/joj CQAuou CO OC OC OC 74 QR 103 18

exusta (Sowerby, 1832) JO 01 (to) U 1 Oj / \j Qn 91 11

tigris Linnaeus, 1758 1486 44 (39) 67 81 103 145 147 22

pantherina Solander, 1786 621 45 (40) 56 64 74 94 118 14

Lyncina

aurantium (Gmelin, 1791) 303 75 78 90 96 101 111 120 6

broderipi (Sowerby, 1832) 6 67 (48) [68] [78] [881 (108) 92 13

nivosa (Broderip, 1827) 22 37 (21) 41 51 60 (78) 66 19

leucodon (Broderip, 1828) 2 78 [81] 83

argus (Linnaeus, 1758) 261 47 (37) 59 70 83 (109) 105 17

lynx (Linnaeus, 1758) 2865 18 20 30 35 41 53 85 16

vitellus (Linnaeus, 1758) 1045 20 20 36 44 54 74 100 20

camelopardalis (Perry, 1811) 79 35 (30) 46 54 64 (84) 81 17
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name n mi ej Si Med s2 e2 ma V

Lyncina. (continued)

reevei (Sowfrby 1832) 53 26 (19) 29 34 39 (49) 45 15

ventriculus (Lamarck, 1810) 121 32 (25) 41 49 57 73 75 16

schilderorum (Iredale, 1939) 138 22 (21) 27 30 34 42 45 12

— kuTohavai (Kuroda & Habe, 1961) 4 41 (35) T411 \44] T471 (53) 49 7

sulcidentata (Gray, 1824) 127 25 (18) 32 39 48 66 68 21

carneola (Linnaeus, 1758) 3432 17 (16) 24 28 34 46 80 18

fitATI SflFTTT nFR SpTTTf HFR 1 9fi9 156 36 (31) 43 49 56 (70) 69 13

— Ip7iinthnri (SnwnnFR SpfttthfrHt/lUtHUH . *—' V^" 11.11.171. IV Qt Ulli 1<11lj

J

1937) 57 44 45 63 72 86 (104) 94 16

tpftii/Jinnri/i ( T,i"N"w afttq 1 7 Sft ^ 172 74 (55) 87 103 123 (143) 140 17

T 11 Wirt

jjcuum y vv fun ouii i Ui. i- i 98 17 (15) 23 27 32 40 45 17

ttulrhrn (Grav 18281 86 21 23 35 41 50 68 76 18

ISflhplln fLlNNAFTT ,=; 17^)8^ 3887 7 10 20 25 29 37 50 18

— YfiPKirnTifi ( Stfartcq 1 8Q^ ^ 166 25 (18) 30 36 40 (48) 47 14

fitiPYPn (Omft ttc 1 7Q 1 ^ 601 15 (13) 21 25 30 40 42 18

luridci (Linnaeus, 1758) 582 14 (10) 24 33 44 66 66 30

Pustularia

m&ticie Schilder 1927 102 9 (7) 11 13 16 (22) 19 19

plohulus ( Linnaftt^ 1 7S8^ 371 9 (6) 12 15 19 (27) 24 24

TYintonTifn ( T)it t wvtc 1 ft 1 7 ^»'((*' ijltf tm ^ X_/ILL VV I 1"< j 1UI / J 352 8 (6) 10 12 14 18 23 17

rirprfiiln ( Tj'W'wafttq 1 7^8

^

367 10 10 14 16 19 (25) 23 16

oldwdluettsis Burgess, 1966 6 12 (10) 12 13 14 (16) 14 8

hi rfrinnt/if/i Spttti r»Fi? & Spwtt riFT? 1Q*37Ls ljl> I IfLL/LULU ill LLTLrC flt O v_i tl 1 LUCK., 1 JJ / 496 10 (9) 13 15 18 (24) 23 17

children) ! Gray 1825 ) 173 12 (8) 14 17 21 29 30 21

Prn fan etui /jTirt

wiYmnmPYi wv (Pfrrv 181 1 ^ 33 24 (22) 28 31 35 43 48 11

A/1 f\YI £>t flTI rtLwL LP fit Vtll tU

SITiYlliJii C 1 T.TTOTMAF TTQ 17^ft\LliL III/, I (A j I -L-jxIN INAC U jj 1 / JU J
10327 7 10 16 19 22 28 34 16

r\rij )o]ntn iT AX/TADpy iRifMVUUt llllLL \ JLjAIVInKti IV, lull/ J
756 10LKJ 10 14 16 21 '3D 30 22

WlfWIcfrt \ T .T*M"M ATTT7C 1 7nK lfFLU fit- III I -LjIIN IN AC Uo, 1 / JO i 5215 in (8)\°l 16 20 25 (45) 44 22

irrorata (Gray 1828^ 276 8 8 10 11 13 17 17 14

Hit Uoiil tu

dillwyni (Schilder, 1922) 62 10 (9) 11 12 13 15 15 8

hprki ( Gastcoitj 1836^(/COM \ VlrtoIVUl Li ^ 1 11 .1 11 1 66 7 (4) 8 10 11 13 13 15

YYtntnTifiypjtM ( Soaa/frhv 1870^1(tU[/UHU / L UU L I UUW LKU I , IKJ 1 \J
j

43 q (8) 12 14 17 23 24 18

Inhrnliripnt/i I Cix'ZKcm^ 1 84-Q ^ 1053 ft
(J (5) 11 14 17 23 31 22

cevnico, (Sowerby, 1870) 48 16 (13) 19 22 25 (31) 28 14

— tomlini Schilder, 1930 62 10 (0) 12 18 24 (36) 29 33

— ogasawarensis Schilder, 1944 34 13 (10) 18 22 31 (49) 37 30

citrina (Gray, 1825) 55 16 (15) 19 21 25 33 33 14

gangranosa (Dillwyn, 1817) 1259 9
'9

15 18 21 27 27 17

boivini (Kiener, 1843) 1379 14 (13) 19 22 25 31 35 14

— ostergaardi (Dall, 1921) 16 10 (7) 15 19 21 (25) 22 16

helvola (Linnaeus, 1758) 2993 8 11 17 20 23 29 35 15

caputserpentis (Linnaeus, 1758) 3476 15 17 25 29 32 38 43 12

caputdraconis (Melvill, 1888) 141 17 17 25 29 33 41 46 14
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n mi Si
Moiliviea So ^2 ma V

Erosaria (continued)

albuginosa (Gray, 1825) 140 12 (11) 19 23 27 (35) 32 17

spurca (Linnaeus, 1758) 598 13 13 21 25 29 37 40 16

— acicularis (Gmelin, 1791) 305 11 (8) 16 20 23 29 30 18

poraria (Linnaeus, 1758) 659 10 10 14 16 18 22 27 13

erosa (Linnaeus, 1758) 3249 16 (15) 25 30 35 45 71 17

— nebrites (Melvill, 1888) 278 15 (11) 21 26 31 41 41 19

ocellata (Linnaeus, 1758) 359 14 (9) 19 24 29 (39) 36 21

marginalis (Dillwyn, 1827) 145 16 (15) 23 27 31 (39) 38 15

miliaris (Gmelin, 1791) 538 19 (11) 25 32 37 47 56 19

— eburnea (Barnes, 1824) 155 23 23 33 38 44 56 56 14

— lamarcki (Gray, 1825) 508 21 21 29 33 38 48 51 14

redimita (Melvill, 1888) 170 18 21 27 30 35 (45) 42 20

turdus (Lamarck, 1810) 900 15 (12) 24 30 39 57 57 25

guttata (Gmelin, 1791) 18 51 (35) 53 62 66 (74) 68 10

Staphylaea

staphylaea (Linnaeus, 1758) 1102 7 (3) 11 15 19 27 28 27

limacina (Lamarck, 1810) 374 12 (9) 19 24 28 36 37 19

semiplota (Mighels, 1845) 226 8 (5) 11 14 19 29 31 29

Nuclearia

nucleus (Linnaeus, 1758) 1084 11 (8) 16 20 23 29 35 18

— granulata (Pease, 1862) 136 17 (12) 22 27 31 (39) 38 17

Schilderia

achatidea (Sowerby, 1837) 118 22 (15) 27 33 37 41 42 15

langfordi (Kuroda, 1938) 10 50 (39) [49] [54] [59] (69) 65 9

hirasei (Roberts, 1913) 9 40 (38) [46] [50] [54] (62) 58 8

teramachii (Kuroda, 1938) 6 58 (46) [60] [67] [74] (88) 78 10

Zonaria

zonaria (Gmelin, 1791) 163 18 (16) 24 28 34 (46) 43 18

picta (Gray, 1824) 191 19 (18) 24 27 31 (39) 38 13

sanguinolenta (Gmelin, 1791) 36 15 15 19 21 25 (33) 28 14

pyrum (Gmelin, 1791) 287 22 (19) 29 34 39 49 52 15

— petitiana (Crosse, 1872) 33 17 (10) 20 25 35 (55) 40 30

anneltae (Dall, 1909) 112 22 (17) 29 35 43 (59) 50 20

— aequinoctialis Schilder, 1933 13 36 (34) 38 40 45 (55) 51 9

spadicea (Swainson, 1823) 120 30 (26) 38 44 50 62 67 14

robertsi (Hidalgo, 1906) 117 13 15 21 24 28 (36) 32 15

nigropunctata (Gray, 1828) 224 17 (14) 22 26 32 (44) 39 19

arabicula (Lamarck, 1810) 119 16 (11) 21 26 30 ^38) 35 17

Cypraeovula

fuscorubra (Shaw, 1909) 33 25 25 33 37 42 (52) 50 12

fuscodentata (Gray, 1825) 241 23 (22) 28 31 34 40 43 10

algoensis (Gray, 1825) 46 16 (11) 19 23 26 (32) 30 15

edentula (Gray, 1825) 410 17 (15) 21 24 26 30 34 15

amphithales (Melvill, 1888) 5 26 (22) 26 28 30 (34) 30 7

capensis (Gray, 1828) 326 20 25 29 31 33 37 38 6

Umbilia

armeniaca (Verco, 1912) 5 76 (59) [77] [86] [95] (113) 99 10

— hesitata (Iredale, 1916) 134 54 (42) 75 91 100 118 121 14
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name n mi ei Si Med So e2 ma V

Notocypraea

pulicaria (Reeve, 1846) 81 13 15 16 17 19 (23) 22 9

bicolor (Gaskoin, 1849) 105 15 15 19 21 24 (30) 27 12

— occidentalis Iredale, 1935 128 15 (13) 17 19 21 25 27 11

piperita (Gray, 1825) 493 17 (16) 20 22 25 31 32 12

angustata (Gmelin, 1791) 230 16 20 24 26 28 32 33 8

— declivis (Sowerby, 1870) 32 20 (19) 23 25 27 31 32 8

Krronea

walkeri (Sowerby, 1832) 107 15 (14) 20 23 28 (38) 35 17

— bregeriana (Crosse, 1868) 33 14 (13) 19 22 28 (40) 33 20

pyvifovmis (Gray, 1824) 127 17 (16) 22 25 30 (40) 34 16

pulchella (Swainson, 1823) 50 29 29 35 38 42 (50) 48 9

— novaebritanniae Schilder &

Srwii r»FR 1937 4 23 (21) 23 24 25 (27) 25 4

hprimllpc ( TVTfT VII T 8r S»TATNjnFT*J

1904) 18 26 (22) 28 31 34 (40) 36 10

hlin oprinrdi (SoWFRFtV 1888^ 28 22 24 30 33 36 42 43 9

hntrlnvi ( Rpfvf 1 8*37 ^ 3 22 (18) [221
L J

\24] [261 (30) 26 8

xanthodon (Sowerby, 1832) 975 16 17 23 26 29 35 39 12

vtedenbutgi Schilder, 1927 1596 13 (12) 18 21 24 30 31 14

ballida (Gray 1828^ 720 17 18 22 24 26 30 32 8

subvividis (Reeve, 1835) 184 21 (18) 26 30 35 (45) 44 15

— dovsalis Schilder & Schilder, 1938 111 18 18 26 30 34 42 44 13

nnw (T.TKNAFTT*; 1758^is n y -\ \ J>—'i in in /a uo, i i ) 89 27 (22) 32 37 43 (55) 51 15

— ndusin fT.ATWARP.TC 1810^Ltd ItJ (U 1 J_i/A 1VJ. /\Ix V_JXV , 1U1U 1 159 30 (26) 36 41 47 (59) 56 13

/)7f?/»? f (tMFT I"NT 1 7Q1 ^ 468 16 17 23 26 30 38 41 13

prmnps ( TjTWWAUTtq 1 7Sft^VII t/ftCJ I J—jIIN IN r\ J_, U O , X / \JKJ }
3206 13 (11) 19 23 28 38 42 20

rvlindrim ( TCdrm 1778^1/ yi l 'ill / t C' U V JUL/Ali }
III \ ' I 272 19 (18) 26 30 34 42 42 13

caurica (Linnaeus, 1758) 1401 19 (17) 29 35 41 53 68 17

fplinn (Gmftin 17911 353 11 12 16 18 21 (27) 26 14

/Vrfgri (Gray 1824) 619 10 (6) 12 15 18 24 26 20

\7/ltfl/lll ttsii\ ui/Ciuujiiu

punctata (Linnaeus, 1758) 536 7 (5) 9 11 14 20 23 23

r/ih/ii/lptt c? c Npt-ttt Tifh 1 Qn4- 3 20 (15) r 191
L J \21] [231 (27) 24 10

Icsitcnsi£> fTCi"n?rvr»A 1QfiO^ 5 19 (18) [201
L J

[2il
L J

[221L J (24) 22 5

YYt SITtlYII iSir'UUDKifA'NT 1 Qfl7 \
II till LI III 1 ULitlE-r IV1 >A IN , X / J 11 13 (12) 14 15 17 (21) 19 10

sup€Tstes (Schilder, 1930) 1 17

P si I'yyt si si ii ctsi

/7C/?//j/f ( T .TlxTM AV T7^ 17Sft^UJCttUJ I X_*l IN In rtlL U o, X / sJ\J
J

1586 9 9 13 15 17 21 31 13

clandestina (Linnaeus, 1767) 1043 8 (5) 11 14 17 23 26 21

artuffeli (Jousseaume, 1876) 134 11 (10) 14 16 18 22 23 13

saulae (Gaskoin, 1843) 39 17 (14) 20 23 27 (35) 30 15

contaminata (Sowerby, 1832) 44 8 (5) 9 11 13 (17) 16 18

lutea (Gmelin, 1791) 69 9 9 15 18 20 (24) 23 14

— humphreysi (Gray, 1825) 121 9 (6) 12 15 19 (27) 26 23

ziczac (Linnaeus, 1758) 280 10 (7) 13 16 19 25 26 19

diluculum (Reeve, 1845) 201 11 (5) 17 23 28 (38) 36 28

lentiginosa (Gray, 1825) 48 17 (11) 21 26 31 (41) 38 19
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name n mi Si Med s2 e2 ma v

Purpuradusta

gracilis (Gaskoin, 1849) 1 K7Clo/b y 1 n1U 14 10 1 Qiy OK20 2o lb

hatnmondae (Iredale, 1939) AQ4o 1

1

(1U) 1 O12 1 1 1;lo / 1 A \
(19)

1 olo 1 o
1

2

— raysummersi Schilder, 1960 qa
11 (9)

1 O13
1 r
10 1 clb 1 olo 1 olo 1 A10

fimbriata (Gmelin, 1791) 3/6 QO Ay 1

1

1

1

1 9 1 A 1 Qlo 1 oiy 1 Q10

minoridens (Melvill, 1901) 1 OK 11251 / K \
(5) 1 8 y 1

1

lo lo

serrulifera ( Schilder & Schilder, 1938) OAoU b (5) 1
oO y 1 1

1 Q10 lo

microdon (Gray., 1o2o) 22o 6 (A \

(4)
QO 10 1 o

12
1 c
\ b

1 c
lb

OA20

Blasicrura
J 1 —

-

.1—1 1 . 1 OOyl \quadrimaculata (Gray, 1824) 226 13
1 7
17

1/120 23 2y oU 15

luchuana (Jvuroda, lybU) 33 1 o
13 (12)

1 Clb 18 OA20 (24)
OQ2o 1

1

' / /""*_.„ 1 0*70 \coxeni (Cox, lo/o) OA89 1 A14 ( 1 A\
(10) lb 19 24 f Q A \

(34)
OA2y O 121

pallidula (Gaskoin, 1849) 948 11 (10) 14 16 19 25 29 16

interrupta (Gray, 1824) 414 14
1 A
14 18 20 22 26 26 10

7 7* j / "n <r 1 or>o \

rasnleighana (Melvill, 1888) 14 13
/ 1 A \

(10)
1 A
14 16 19

OC
25

0*7
27 16

— /afzor (Melvill, 1888) + eunota

(Taylor, 1916) 80 18 ( 10) 22 28 36 (52) 44 25

teres (Gmelin, 1/yl) 1 QA7l0U7 1 A14 1 k15 O 121 24 on2y
on
oy *5 1 7

1 /

— subteres (Weinkauff, 1881) oo2o 1 K15 / 1 1 \
(11)

1 7
1 /

OA20 oc2b / A O \

(42)
OA2y OOto

goodalli (Sowerby, 1832) QQOJ QO
Ay 1 9.lo / 1 Q N

(l y
)

1 7
1 /

on

Histolida

kienen (Hidalgo, 1906) 618 8 (7) 11
113 1 olo / OO s

(28)
OK25 0727

' / C 1 00*7 \cwenz (Sowerby, 1837) 117 o8 / O \

(2)
1 A1U 1 A

14 lb OA 072/ O 121

nirundo (Linnaeus, 1758) 792 8 (6)
1 o
12 15 17

O 1
21

O >l

24 1 *7

17

ursellus (Gmelin, 1791) 456 6 (5) 9 11 13
1 A
19

1 A
19

1 O
18

erythraeensis
(
Sowerby, 1837) 31 15 (10) 16 19

OO22 OO28 OO28 16

stolida (Linnaeus, 1758)
A AO403 15

1 KId Oy/24 9Q2y oy 4b 1 7
1 /

Ovatipsa

chinensis (Gmelin, 1791) 343 21 (17) 27 32 38 50 50 17

— tortirostris (Sowerby, 1906) 11 7 (6)
1 A
11)

1 o12 15 / O 1 \

(21)
1 K15 21

COlOba (JMELVILL, loOO) oo
y<c

1 Qlo (14J
99 ou (08) oo lO

Cribraria

cribraria (Linnaeus, 1758) 609 11 (9) 17 21 26 36 47 21

cribellum (Gaskoin, 1849) 50 11 (4) 12 14 16 (20) 19 14

esontropia (Duclos, 1833) 82 12 (3) 17 24 28 36 36 23

catholicorum Schilder & Schilder,

1938 104 10 (8) 12 14 16 20 21 14

gaskoini (Reeve, 1846) 65 10 H) 13 20 24 (36) 28 28

cumingi (Sowerby, 1832) 73 9 (8) 10 11 14 20 30 18

The median length should be called "average," the

shells ranging from Sj to S2 "usual (or from Si to Med
"rather small" and from Med to S2 "rather large") ; the

shells ranging from e! to %x are "small," those from % to e2

"large," those exceeding ej or e2 "very small" or "very

large" respectively. These terms relate to single speci-

mens as well as to the medians of populations.

The medians of the 195 species and subspecies range

from 8mm (minoridens, serrulifera) to 103 and 104mm

(testudinaria, cervus) ; the median of these 195 medians

is 25 mm (isabella, spurca, pyriformis, etc.) while the

arithmetic mean of the very skewed histogram is almost

33mm (lurida). The "usual size" of these 195 cowrie

taxa ranges from 15mm (globulus, asellus, etc.) to 53

mm (decipiens), species below or above these limits are

small or large respectively.

The coefficient of variation usually varies from 11 to

20 (its median is 15); less variable species mostly are
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represented by very few specimens only, but there are also

exceptions (t> = 4 in aurantium and capensis)
;

very

variable species often are composed of geographical races

much differing in size.

The most common cowrie species is annulus which was

represented by 1 1% of our 94923 specimens; it is followed

by moneta and Isabella (5.5 and over 4% respectively)

;

caputserpentis, carneola, erosa, errones, helvola, lynx, and

arabica follow with less than 4 to 3% each and after a

distinct gap the series with less than 2% begins with

vredenburgi, asellus, gracilis and tigris.
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Dimorphism and Monstrosities in Cowrie Radulae

BY

FRANZ ALFRED SCHILDER

AND

MARIA SCHILDER
University of Halle, German Democratic Republic

(14 Text figures)

It is to be regretted that most authors are satisfied with

the examination of only one or very few radulae of each

cowrie species; they publish one drawing of each species

and fail to discuss obvious differences from drawings by

earlier authors. Thus the individual variation of radulae

continues to be unknown though its range in size and

shape seems to be not smaller than that of the shells.

During the past few years we have accumulated over

6000 microscope slides with radulae of cowries obtained

chiefly from Kenya (Schilder & Schilder, 1963b), Fiji

(Schilder & Schilder, 1964), and Queensland (Schil-

der, Schilder & Houston, 1964), but also from many

other areas. The quantitative results of our counting the

rowsand measuring the width of the median tooth and the

length of the radula ribbon have been discussed in Schil-

der & Schilder, 1963 a, in which paper may be found

also references to our earlier papers on the same subject.

The qualitative results concerning the features of typical

radulae of almost all living cowrie species will be pub-

lished in another paper. The present paper will show that

in several species there is a dimorphism in the shape of

radular teeth which cannot be explained as sexual differ-

ence only. We shall add drawings of some odd monstros-

ities which we observed by chance among our 6000

radulae: surely, careful examination of the almost five

million teeth preserved in our slides would reveal far more

pathological deformations.

DIMORPHISM

Schilder & Cernohorsky (1965, figs. 1-4) have shown

that there are differences in the shape of the radular teeth

of Purpuradusta hammondae (Iredale) and P. raysum-

mersi Schilder: in both there is a radula with a large,

rather elongate median and strong laterals
1
with reduced

1 We follow Vayssiere in calling the marginals "laterals" so that

one can abbreviate the median, admedian and the two laterals

simply by m, a, /, and Z2 ; in the figures we draw these teeth by

—,
, . . . . , and again respectively,

so that misunderstanding the uniform lines belonging to different

teeth will be avoided.
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denticles at the sides of the central cusp (Figures 1, 3)

and a radula with a smaller, rather transverse median

and slender laterals with three distinct cusps (Figures 2,

4) ; we thought these differences to be, possibly, sexual.

An analogous dimorphism exists in Purpuradusta ftm-

briata (Gmelin), collected in Kenya and Natal by R. S.

Benton: the median is large and about square in males,

smaller and transversely rectangular in females (the aver-

age length is 100% and 83% of breadth respectively)

;

the laterals are much stronger and broader in males than

in females, their marginal denticles bordering the central

cusp become far more frequendy obsolete in males than in

females, but all qualitative characters often overlap, as

do the quantitative characters of sexes indicated by

Schilder & Schilder 1963b (p. 109, table 2).

Figure 2

Similar differences in the laterals have been observed

in the three species of the genus Staphylaea Jousseaume:
the differences in shape are so striking that one would
never believe that the specimens belong to the same
species. There is a broad hook-shaped type recalling the

laterals of many other cowrie species, but with the mar-
ginal denticles mostly obsolete and placed far from the

strong central cusp; the more frequent slender type is

0.1 mm

Figure 3

less curved and exhibits three distinct, rather equal lobes

at its top. The hook-shaped type is shown in Figure 1,

the slender type in Figure 2: both figures represent St.

limacina (Lamarck) from Shimoni, Kenya; Figure 1

is a male, shell 25 mm long (coll. Schilder radula no.

2264) ,
Figure 2 is a female, shell 23 mm long (radula no.

1 1 15) ; we have drawn the first (....) and the second

( ) lateral only.

In Staphylaea staphylaea (Linnaeus) the hook-shaped

type has been observed in 33% (of 30 radulae), in St.

limacina (Lamarck) in 24% (of 38 radulae), in St.

semiplota (Mighels) in one of the two slides preserved

in coll. Gwatkin, British Museum (Natural History).

There is a distinct correlation between the two types of

radula features and the sex of the animal though excep-

tions have been observed: in Staphylaea staphylaea the

hook-shaped type was represented in no female, but in

7 males, and the slender type in 10 females and only in

one male; in St. limacina these figures are 0, 6, 6, 4)

respectively, so that the sum of both species can be tabu-

lated as follows:

females males

hook-shaped — 13

slender 16 5

In young specimens in which the sex cannot as yet be

ascertained, the laterals always are of the slender type.

In one evidently adult male Staphylaea limacina from

Shimoni, Kenya (radula no. 870) the first formed ante-

rior rows represent the slender type while the posterior

rows (especially in the dark area) are hook-shaped:

evidently there is a gradual changing from the slender

type of the young stage to the hook-shaped teeth of the

adult male. Besides, there are intermediates : some laterals

of males are less broad though hook-shaped with obsolete

denticles, whereas the females are less variable. However,

there is no correlation between the laterals and the

habitat, as in St. staphylaea from East Africa the hook-

shaped and the slender labials are in 7 and 8, in the

Pacific in 3 and 10 specimens respectively; in St. limacina



Vol. 8; No. 4 THE VEL1GER Page 217

these figures are in East Africa 6 and 18, in the Pacific 3

and 9. There is also no correlation between the shape of

the laterals and the smooth or tuberculate dorsum of

the shells in St. limacina.

Another dimorphism exists in the absence or presence

of basal denticles on the median in the radula of Bistolida

stolida (Linnaeus). Usually the median is trapezoidal

with the posterior surface smooth, but in some specimens

two small denticles approximately in the center of the

median have been observed : such a character surely could

mislead taxonomists to treat it as a specific or even as a

generic difference; in B. stolida, however, it is merely

accidental. Among 24 radulae of B. stolida from various

localities the central denticles of the median are absent

in 18 specimens (Figure 3), but present in 6 (Figure 4),

o.i mm

Figure 4

i. e. in a quarter of the examined radulae. Both figures

represent female B. stolida from Shimoni, Kenya : Figure

3 is from an animal with a shell of 29 mm ( radula no.

2070), Figure 4 from one with a shell of 32 mm (radula

no. 1132). In this case there is no correlation to the sex

of the animals as the number of smooth : denticulate me-
dians is in females 8:3, in males 4:2; nor can regional

differences be observed as the respective figures are in

East African specimens 14:5, and in the Pacific 3:1.

In Palmadusta asellus (Linnaeus) similar differences

occur: among the only three radulae which we could

0.05 mm

Figures

examine, two are smooth like the figure given by Vayssi-

ere (1927, pi. 25, fig. 29), while the third exhibits two

small central denticles in the medians along the entire

radula ribbon ( Figure 5 ) ; it belongs to a specimen from

Namuka, Fiji, shell 12.4mm long (radula no. 163).

Therefore taxonomists should be very careful in char-

acterizing the radula of a species from one or only a few

specimens. Besides we have learned that the obvious

differences in the bursa copulatrix in the species of

Lyncina Troschel, as shown by Kay (1963, figs. 6 a-f)

are by no means to be regarded as specific; the dissection

of hundreds of female Lyncina and other genera has

shown that the features of the bursa copulatrix vary to

a great extent, from total reduction to exceedingly com-

plicated organs.

MONSTROSITIES

In previous papers (Schilder & Schilder 1963 a, etc.)

we have shown that the number of radular rows, the size

of the median, and the length of the radular ribbon (the

two last named characters expressed in relation to the

length of the shell) vary according to the usual random

distribution; sexual differences and differences between

various populations have been observed. There are, how-

ever, extreme variants v/hich far exceed the natural

limits of random distribution so that they must be classi-

fied as pathological abnormalities.

Thus, for instance, a female Erosaria erosa (Linnaeus)

from Vatia Wharf, Fiji, shell 37 mm long, has a radula

(radula no. 5358) unusually small, as there are only 78

rows, i.e. 6-|- dozens (instead of 8-13) and the teeth

are small; the index m/L, i.e. 200 times the breadth of

the median (0.073 mm) divided by the length of the shell,

is only 4 (instead of 5 to 13 in 418 radulae).

In a female Cypraea tigris Linnaeus from the same

locality (shell 83 mm) the radula (radula no. 4995) is

also small; it contains only 79 rows (i.e. less than 7

dozens instead of 1 1 to 18) and the teeth are much smaller

than in other specimens, though they distinctly increase

in size from the anterior rows to the nascentes in the

rear; the breadth of the anterior medians is 0.112mm,
and 0.218 in the hindmost rows so that the diameter

becomes almost double, and the index m/L increases from

3 to 5, but never attains the size of the median in normal
specimens with equal rows, where it varies from 7 to 10 in

83 specimens. A male C. tigris from Lodoni, Fiji (shell

68mm) shows a similar monstrosity of the radula (radula

no. 3805) ; it contains 93 rows (8 dozen) only, the median
is 0.147mm broad in front rows, gradually increasing to

0.245mm in posterior rows, i.e. the index m/L increases
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from 4 to 7. In a female Lyncina lynx (Linnaeus) from

Penrith Island, Queensland (shell 50 mm) the radula

(radula no. 4025) exhibits only 111 rows (i.e. 9 dozens

instead of 12 to 27), and the median increases from 0.152

to 0.180mm (m/L increases from 6 to 7, almost attaining

the normal size varying from 7 to 13 in 554 specimens).

In a male Mauritia eglantina (Duclos) from Vatia

Wharf, Fiji (shell 62 mm) the radula (radula no. 5116)

exhibits 72 rows (i.e. 6 dozen instead of 7 to 17) and the

median increases from 0.095mm to 0.146mm (m/L =
3 in front rows and 5 in the rear, on the lower limit of

the normal variation from 4 to 12 in 638 specimens). All

these radulae, extracted from quite normal animals,

agree in the unusually small number of rows and in the

small dimensions of the teeth, which gradually increase

in size from the anterior rows to the rear, so that disease

in early stages becomes gradually cured during the ani-

mal's life; but normal status never is regained.

Other monstrosities consist in the total absence of a kind

of teeth along the whole radular ribbon; in a previous!

paper (Schilder 1963 c) we have figured the radula of

Monetaria annulus (Linnaeus) from Shimoni, Kenya,

in which the median is absent so that the admedians meet
each other in all rows. In a male Mauritia eglantina

(Duclos) from Lodoni, Fiji (shell 51mm, radula no.

3729) the second lateral tooth is missing on one side of

all rows, the first lateral is slightly removed from the ad-

median so that it replaces both laterals which are normally
developed on the opposite side (Figure 6 shows a rather

anterior row and a posterior row in the dark amber area
)

;

these two anomalies must have been caused before the
beginning of the development of the radular teeth.

On the other hand, in a female Lyncina lynx from
Vitilevu Bay, Fiji (41mm) in the radula (no. 5293)

Figure 6

Figure 7

with 226 rows the monstrosity begins abruptly in the

149th row, in which the admedian of one side lacks its

anterior cusps; in the 150th row, moreover, the laterals

are displaced to the rear, and the second lateral is reduced

to a small body; from the 151st row to the nascentes all

admedians and laterals of this side are absent (small relics

of the admedian in the 153rd to 155th row excepted),

while these teeth are quite normal on the opposite side.

Figure 7 shows the injured side of the still normal 146th

row, the pathological 148th to 154th row, besides the

164th row with the lateral border of the band on which

the teeth are fixed, and the 200th median with its

thickened margin which can be observed as far as to the
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nascentes. This anomaly may be caused by an injury of

the animal in a later stage.

In a male Lyncina lynx from Lodoni, Fiji (28 mm) the

radula (no. 3564) of which is pathologically short (111

rows, i.e. 9 dozens instead of 12 to 27), the median is

split into two or three pieces which may coalesce in some

rows, but never exhibit the typical features of the median.

Figure 8 shows the 88th row with the three-parted

median and with the admedian and laterals asymmetri-

cally displaced which occurs the more if the median is

dilacerate ; the left column of enlarged medians represents

nos. 19, 20, 21, and 29, the right column nos. 43, 62, 88

(see above), and a normal median of a L. lynx of the

same sex, size, and habitat (radula no. 3563) for com-
parison. In this case, the normal formation of the medians

has been disturbed from the beginning.

This monstrosity must not be confused with normal

radulae the foremost rows of which are worn away by

Figure 8

extraordinary use. So in a female Erronea caurica (Lin-

naeus) from Penrith Island, Queensland (34 mm, radula

no. 4064) the anterior rows show the cusps of the teeth

rather worn, and the second lateral reduced to a small

relic, while the subsequent rows are quite normal; Figure

9 shows the third and the 50th row. Therefore we suspect

Figure 9

that the differences between Lyncina carneola (Linnae-

us) and L. leviathan Schilder & Schilder shown by

Kay (1961 ; 1963, pi. 8, figs. 8, 9) may be established on

very aged L. leviathan with worn radular teeth, because

we could not discover any difference between the radula

of large adult males of L. leviathan from Hawaii (radula

nos. 696, 5717) and those of L. carneola from the Indo-

Pacific and L. titan Schilder & Schilder from East

Africa; moreover Kay (1963, p. 52) admits that in ju-

venile L. leviathan the outer laterals look like those in L.

carneola.

In some specimens two outer lateral teeth accidentally

are confluent longitudinally at one side, as it is in rather

posterior rows of Lyncina lynx from Vuda Point, Fiji

(female, 42 mm, radula no. 4915, see Figure 10) and in

two L. vitellus (Linnaeus) from the same locality; Figure

1 1 represents a female (45 mm, radula no. 4945), Figure

12 a male (45 mm, radula no. 4950).

This longitudinal confluence of the second laterals can

be accompanied by a duplication of the laterals in a

row, so that in three consecutive rows there are three

medians and three admedians, but four inner laterals

and four outer laterals on one side of the radula ; this factj

has been observed in a female Lyncina lynx, also from

Vuda Point, Fiji, where such abnormalities seem to be

relatively frequent (39mm, radula no. 5248); Figure 13
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Figure io

shows a hole behind the first figured row, then both

laterals of the second row duplicated, and the posterior

second lateral of this row united with that of the third

row.

In contrast to this longitudinal duplication there exists

also a transverse one, which has been figured by Peile

(1937; see also Schilder, 1963 c, p. 129, note) in Er<wa-

ria caputserpentis (Linnaeus).

In addition to absence, coalescence, and duplication

of radular teeth there occurs a fourth tendency to mon-
strosities : enlargement of a tooth on one side of all rows.

In a female Mauritia eglantina from Nananu-i-Ra, Fiji

(51mm, radula no. 5176) the right admedian is almost

three times as broad as the opposite one, pressing the*

median to the left so that the latter becomes asymmet-
rically skewed and the tips of the laterals are widely

Figure 12

separated instead of meeting each other in the center of

the median; there is a short, shallow, longitudinal rim

starting from the posterior margin of the giant admedian,

and the right second lateral shows no inner denticle.



Vol. 8; No. 4 THE VELICER Page 221

Figure 13

Figure 14 shows this curious monstrosity which is identical

in all rows of this unique radula.

ADDITIONAL REMARKS

1 . In many male specimens of various cowrie species the

penis is apparently stunted; it is at most half as long as

the normal penis is, and strongly club-shaped at its top;

in some adult specimens the penis is still short and thin

as it is in very juvenile (oliviform) specimens, while in

an adult Monetaria annulus it is solid, but S-shaped and

only 2mm long instead of 9 to 14mm as in normal males.'

Figure 14

A Cypraea tigris shows a penis of almost normal size, but

with two short tips separated by the usual longitudinal

rim; however, we did not observe a monstrosity such as

has been figured for Lyncina carneola by Vayssiere

(1923, pi. 3, fig. 28).

2. We have observed that in specimens the shell of which

is at least partially covered by a green layer of enamel

{Lyncina carneola) or with enclosed particles of mud (L.

vitellus) the general color of the animal preserved in

alcohol is distinctly green; but this unusual color of the

animal has also been observed in two L. lynx, the shells

of which do not exhibit unusual features.

3. Many monstrosities of the cowrie shells have been

systematically arranged, described, and figured by Schil-

der, 1930.
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A New Species of Penitella (Family Pholadidae)

from Coos Bay, Oregon

BY

JOHN W. EVANS

AND

DAVID FISHER

Department of Biology, University of Oregon, Eugene, Oregon

(Plate 31 ; 1 Text figure)

The Pholadidae of the Western Atlantic and Eastern

Pacific were reviewed by Turner in 1954 and 1955. At

that time four species of Penitella had been described,

P. fitchi Turner, 1955, P. gabbi (Tryon, 1863), P. penita

(Conrad, 1837), and P. conradi Valenciennes, 1846,

all from the Western and Northern Pacific Ocean.

In the course of a study on the ecology of Penitella

penita, a large number of specimens of Pholadidae were

collected from a soft mudstone which makes up an inter-

tidal platform near Fossil Point in Coos Bay, Oregon

Four previously described species were found. They were

in order of decreasing abundance Penitella penita, P.

gabbi, Zirfaea pilsbryi Lowe, 1931 and Nettastomella

rostrata (Valenciennes, 1846). A fifth and previously

undescribed species belonging to the genus Penitella was

also noted. We propose that this species be named in

honor of Dr. Ruth Turner.

Penitella turnerae Evans & Fisher, spec. nov.

Description of Holotype: Length 82 mm; height 41.5 mm.
Specimen in the mature sessile condition, anterior gape

and dorsal extension of the mantle covered by the callum

which protrudes slightly beyond the beaks. Shell divided

into two distinct regions by umbonal ventral sulcus. Ante-

rior beaked portion sculptured by close-set, upturned,

undulating, concentric ridges; undulations so arranged

as to form a secondary radial pattern. Anterior ventral

edge of the valve strongly angled. Posterior portion of

valve sculptured only by growth lines; these correspond

in number to the anterior ridges. Dorsal anterior third of

the shells covered by broad, thin umbonal reflections

which are closely appressed throughout, except in the

region of the beaks. Mesoplax, the only accessory plate,

semipointed posteriorly. Valves lack the leathery siphono-

plax found in some other members of the genus. Perios-

tracum primarily found on the posterior slope and is pale

brown in color.

Siphons are longer than the length of the body when
extended and are completely retractable within the shell.

They are smooth, naked of periostracum, and white for

the entire length except for posterior extremity which is

pigmented red.

Description of Paratype no. 12445 a: Length 79.5 mm,
height 45 mm. Active animal beaked and gaping widely

anteriorly with a well developed oval, white, truncate foot.

Mesoplax a narrow crescent, rounded posteriorly and

concave anteriorly ( Figure 2, Plate 31). Anterior ventral

edge of valve strongly angled (Figure 3, Plate 31).

Table 1: Type Population (Mature Sessile Animals)

Length Height Ratio L:H

107.0 57.7 1.85

86.7 48.0 1.81

89.5 45.5 1.97

73.5 40.3 1.82

83.7 43.1 1.94

98.5 50.2 1.96

87.0 47.8 1.82

85.0 42.6 2.00

84.1 44.1 1.91

Note - Length measured from posterior end to the tip of

beak, height from dorsal to ventral extremity of umbonal

ventral sulcus.
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Type locality: The north end of Fossil Point in Coos Bay,

Oregon, at 43° 22' North Latitude and 124° 15' West Lon-
gitude. Depth zero foot tide level, in soft muddy sandstone.

Type specimens: The holotype has been deposited with

the California Academy of Sciences, San Francisco and
is catalogued as No. 12445, along with paratype No.

12445 a. Other paratypes are at the Museum of Compar-
ative Zoology, Harvard University No. 1 70898, Redpath
Museum, McGill University No. 16284, University of Ore-
gon Museum of Natural History No. 1334.

Discussion: Penitella turnerae was not at first recognized

as a separate species but was considered an aberrant form

of either P. penita or P. gabbi, since it had some of the

features of each (see Table 2). However, as more speci-

mens came to hand, a definite set of characters emerged

which distinguished this group from the others.

The mature sessile Penitella turnerae can be recognized

in its type locality by its large size (Plate 31, Figure 1 ). It

is distinguished from the sessile P. penita by its lack of a

siphonoplax.

The mesoplax of the active Penitella turnerae is a narrow

crescent, rounded posteriorly, whereas in P. penita it is

sharply pointed posteriorly (Plate 31, Figure 2), the meso-

plax of P. gabbi is intermediate between these extremes.

Table 2 : List of Characters

Abbreviations: N. r. = Nettastomella rostrata; P.p. = Penitella penita; P.c. = P. conradi; P.g.= P. gabbi;

P.t.—P. turnerae; Z. p. =Zirfaea pilsbryi; -= no count.

P to P.c. Pp p.t. N. r. Z to

1. Siphon: smooth = 1; otherwise = 1 1 1

2. Not smooth siphon : pustulose = 1 ; not = ~ 1

3. Not smooth siphon: chitinous discs = 1 ; not = ~ 1
A T\ T .1*1 *11 -4 /"y

4. INot smooth siphon: papillose =1; not == ~ 1

5. Siphon partly sheathed with penostracum= 1 ; not= 1 1

6. Siphon length 6 x body length= 2 ; 1 x b. 1. = 1

;

\ x b. 1.= 1

1 1 1 2

7. Siphon withdrawable within valves = 1 ; not = 1 1 1 1 1

8. Callum present in sessile animal = 1 ; not = 1 1 1 1 1

9. Callum complete = 1 ; not = f 1 1 1

10. Callum extends beyond beak: much = 2; some = 1

;

very litde = 2 2 1 2

1 1 . Siphonoplax present = 1 ; not = 1 1 1

12. Siphonoplax calcified = 2; partly= 1 ; not = 1 2

13. Apophysis present = 1 ; not = 1 1 1 1 1

14. Space between dorsal part of callum and umbonal
reflection wide = 1 ; narrow = 1 1 1

15. Mesoplax present = 2; reduced = 1 ; absent = 2 2 2 2 1

16. Mesoplax of sessile; pointed posteriorly = 2; semi-

pointed = 1 ; rounded = 2 1 1

1 7. Umbonal reflection attached for at least \ length = 1 ;

not = 1 1 1

18. Umbonal reflection wide == 1 ; narrow == 1 1 1 1

19. Anterior ventral edge of valve strongly angled = 1

;

straight = 1 1

20. Adult size at Fossil Point 3-5" = 2; 1-3" = 1 ; less

than 1" = 1 1 2 2
21. Rock boring= 1 ; not usually= 1 1 1 1 1

22. Bores in hard and soft rock= 1 ; soft rock only= 1

23. Burrow cone-shaped = 1 ;
pear-shaped = 1 1 1 1 1

24. Shell fits tightly in burrow = 1 ; not = 1 1 1 1 1

25. Mean number of growth interruption lines in first 4
cm of umbonal ventral sulcus 95= 1 j 67 = 1
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The mesoplax in the adult of all three species changes in

shape by extending anteriorly to form an enclosure for

the posterior part of the anterior adductor muscle. The

mesoplax of the adult P. gabbi and P. turnerae are similar

with a semipointed posterior. They differ from the meso-

plax of P. penita which is sharply pointed posteriorly.

Penitella turnerae is distinguished from P. gabbi by its

closely appressed umbonal reflection (Plate 31, Figure

3 ) and its smooth siphon.

The strongly angled anterior ventral edge of the valve

is the most distinctive feature of Penitella turnerae (Plate

31, Figure 3). This feature can be used to distinguish it

from other Penitella species in both active and sessile

animals of any size.

In an attempt to analyze the position of this new species

in a less intuitive fashion, an analysis was made, using

the numerical taxonomic methods of Sokal & Sneath

(1963). In order to give as broad a frame of reference

as possible, all Pholadidae from Fossil Point were used

plus Penitella conradi, which was found boring into

Haliotis shells collected at Cape Arago.

As many characters as possible were collected which

served to distinguish the species. These were assigned a

numerical value, coded according to the method of Sokal

& Sneath (1963, chapter 5) and arranged in tabular

form (Table 2). Turner's work (1954- 1955) on the

Pholadidae was a great help in the collection of charac-

P.p. P.c. P.g. P.t. N.r. Z.p.

— 0.6

— 0.8

| 1 O
i—

i
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1 1 1 — 1.0 w

— t—i
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— 1.2 r

— 1.4 h

1 —1.6

Figure i : Dendrogram of Taxonomic Distance Matrix

P.p. = Penitella penita; P.c. = Penitella conradi;

P.g. = Penitella gabbi; P.t. = Penitella turnerae

N. r. = Nettastomella rostrata Z. p. — Zirfaea pilsbryi

ters in the case of the rarer forms, such as Penitella conradi

and Nettastomella rostrata.

A computer program was prepared allowing for "no

comparison" characters and taxonomic distances were

calculated from standardized characters.

The results of the taxonomic distance matrix are shown

as a dendrogram (Text figure 1). The dendrogram was

constructed by clustering the most similar groups, aver-

aging their distances, and considering them a new group.

Then again the most similar groups were clustered. In

this case, the difference between Penitella gabbi and P.

turnerae is greater than the difference between the two

presently valid species, P. penita and P. conradi. All the

members of the genus Penitella are clustered separately

from Zirfaea and Nettastomella, here supporting the pre-

sent taxonomic picture at the generic level. The relation-

ships expressed in the dendrogram are phenetic and not

necessarily phylogenetic.

DISCUSSION

Turner {in litt.) suggests that Penitella turnerae may be

an infertile hybrid between P. penita and P. gabbi. No
direct evidence is available to test this hypothesis. The
facts that P. turnerae has a constant set of features,

develops mature looking gonads, possesses characteristics

not shared by either P. penita or P. gabbi, and as an adult

is considerably larger, support the contention that P.

turnerae is a good species. The taxonomic distance matrix

shows that P. turnerae is sufficiently different from the

other species of Penitella to be considered a separate

species. The fact that P. turnerae has so far only been

found in one area may indicate that it is a hybrid.
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A Note on the Feeding Behavior in Tagelus californianus

(Bivalvia : Tellinacea)

BY

ROSS POHLO

Department of Biology, San Fernando Valley State College

Northridge, California

(1 Text figure)

C. M.Yonge (1952, p. 434) states "Tagelus californianus

is a deposit feeder, and this requires long and separate

siphons, bottom material actively taken in through the

inhalant siphon . . .
" My observations do not substan-

tiate an active deposit feeding behavior for T. californianus.

In two other Tellinacea studies (Macoma nasuta and

M. secta) the animals actively feed on deposits as described

by Yonge (1949). In M. nasuta, the inhalant siphon

twists, rips off and ingests bottom material (Figure 1).

Macoma secta does not move the siphons but actively

ingests bottom material as depicted by Yonge (1949,

fig. 16a).

Specimens of Tagelus californianus (Conrad, 1837)

were collected from four different sites ranging from San
Diego to Tomales Bay, California. The animals were ob-

served both in the field and in the laboratory. In the

Figure i:

Movement of Siphon in Macoma nasuta

laboratory the animals were placed in the substratum

and the position of the siphons and feeding behavior were

noted over a period of several weeks. Carmine particles

were placed on the substratum around the inhalant siphon

and these were not drawn into the siphon. The same

experiment was carried out with Macoma nasuta (Con-

rad, 1837), and this animal did actively ingest the

carmine particles.

In the field the siphonal openings of Tagelus californi-

anus were observed, and at no time did the inhalant

siphon appear to ingest bottom deposits. At all times the

inhalant and exhalant siphons were observed flush with

the substratum or contracted below the level of the sub-

stratum. Sweeping movements were never observed.

These observations indicate that Tagelus californianus

is not an active deposit feeder but that it feeds on

suspended material as do the majority of the Bivalvia.
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Escape Responses of North Borneo Strombid Gastropods

Elicited by the Predatory Prosobranchs

Aulica vespertilio and Conus marmoreus

BY

JEFFERSON J. GONOR

Oregon State University Marine Science Laboratory

and the

Departments of Oceanography and Zoology
1

*

INTRODUCTION

Active responses of prosobranch snails to potential

predators, different from their normal slow and limited

activity, caught the notice of biologists long ago. Most of

the early work on this phenomenon was directed toward

identification of the nature of the stimulus which elicited

the response rather than to the role the response might

play in the life of the snail possessing it. Thus, Hoffman
(1930) demonstrated that the escape response in Nassa-

rius reticulatus (Linnaeus, 1758) was normally mediated

by chemoreception of some material from the asteroid

predator, but that it could also be readily induced by arti-

ficial chemical, thermal and electrical means. The specifi-

city of these behavioral patterns was further demonstrated

by Bullock (1953) and Margolin (1964a, b) and the

chemosensory basis of detection of the predator further

confirmed. From these studies emerged the ideas that

these behavior patterns elicited by chemosensory recogni-

tion of specific substances emanating from predators

might serve in nature as avoidance or flight reactions to

the presence of the predator and would therefore be of

selective advantage to those species possessing them.

The lack of information on the effectiveness of these

escape reactions upon spontaneous predator-prey confron-

tations in nature was partially filled by the field observa-

tions of Clark (1958) and Robertson (1961). Later,

Gonor (1965) concluded that since the avoidance behav-
ior had been observed to permit some individuals to

successfully escape from attack by the predator, such
behavior had selective advantage for the species and was
thus adaptive. Consideration of the behavior of both the
prey and predator led to the further conclusion that the
common characteristics of the known escape reactions in

marine invertebrates indicate that these behavior patterns

are successfully evolved by normally slow moving prey

species which are able to detect only by chemosensation

the presence of a predator, itself slow moving and hunting

its prey by chemosensation.

This study presents observations on the behavior of

another set of predator and prey species which support

and further illustrate conclusions previously reached, and

add to the information available about the feeding habits

of the predatory species involved. Two predatory gastro-

pods, a cone and a volute, were observed to capture and

eat two species of Strombus, which exhibited escape

reactions when confronted with them.

OBSERVATIONS

These observations were made during February, 1965, on

Cruise 6 of Stanford University's Te Vega Expeditions,

during a stop at the islands Pulau Gaya and Pulau Man-

tabuan (118° 45' E, 4° 36' N) in Darvell Bay, North Bor-

neo. Wide shallows of clean coral sand bottoms, with

scattered Thalassia clumps, lie just off coral sand beaches

inshore from the fringing reefs of these islands. Among the

most commonly found snails of these shallow areas were

two species of Strombus. Most abundant of the two was

S. gibberulus Linnaeus, 1758 which was often found in

groups. The slightly larger S. luhuanus Linnaeus, 1758

was also readily obtained in numbers although it was not

as common as S. gibberulus. Both of these species are

1 This work was supported through the Te Vega Expeditions of

Stanford University by the National Science Foundation.

1 Present address: Oregon State University Marine Science Labo-

ratory, E O. Box 157, Newport, Oregon 97365
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common in shallow water throughout the West Pacific

(Abbott, 1960). Lambis lambis (Linnaeus, 1758), an-

other strombid with wide Pacific distribution, was also

available in this area and some observations were made on

it. Two large predaceous gastropods, Conus marmoreus
Linnaeus, 1758 and Aulica vespertilio (Linnaeus, 1758)

were also found in this habitat. Both are common Indo-

Pacific species.

REACTIONS OF Aulica vespertilio

Strombus gibberulus AND Strombus luhuanus

During the middle of the day Aulica vespertilio is found

ploughing along just under the surface of the sand, and

also occasionally on the surface. Some individuals were

found under the sand holding a Strombus in the foot and

feeding on it. On one occasion, a group of five Aulica were

found in a tight cluster. When the group was examined,

it was found that in the center there was an Aulica

holding and feeding upon a small Strombus. The other

volutes were also attempting to feed upon the animal

originally captured by the center one, having been attrac-

ted to the site where the prey was being eaten. It was

evident that extensive predation on the Strombus popula-

tions by this and possibly other predators was taking place,

for large numbers of fresh shells of Strombus luhuanus in

good condition and not bored were found in several places,

scattered about the bottom in about 2 meters of water in

an area where Conus marmoreus was also found.

Observations on the capture of Strombus gibberulus by

Aulica vespertilio were made on a level coral sand area in

the late afternoon, as a rising tide began to cover the

higher areas of the flat near the beach. A number of large

A. vespertilio were seen in this area, moving about on the

sand bottom in water about 10 cm deep. Strombus gibber-

ulus was abundant in scattered groups, and appeared to

be just emerging from the sand as the tide rose over the

area. When the movements of the Aulica brought them
near groups of Strombus, they quickened their crawling

and moved rapidly toward the strombs. Upon approach-

ing the prey, the Aulica fully extended the foot, raised

the head and anterior end of the shell, extended the siphon

which had been pointing directly ahead and began to

swing it from side to side. When an Aulica came close to a

Strombus, it spread the propodium of the foot out wider,

lifted it high above the sand and with a forward thrust

brought it down quickly. If the Strombus was missed, as

it often was on the first attempt, the volute quickly tried

the "pouncing" action to each side several times. When
groups of Strombus were approached within about 15

cm by a volute, all of them quickly came out of

the sand, and became very active, moving away by quick

kicks of the foot until they were about 30 cm away.

The volutes pursued the strombs, and often caught them,

but the violent kicking by the strong foot of the Strom-

bus usually broke the hold of the volute, especially if

the foot of the stromb was turned to work against

the foot of the volute. The captured strombid often

upset its much larger captor and escaped by continuing

to kick while the volute attempted to right itself. When
a pounce was successful the Aulica quickly began to

manipulate the prey so that it was held longitudinally

in the foot, but even when the Aulica partially enveloped

the strombid, the foot of the latter is strong enough so that

its violent kicking; can sometimes break the hold before

the volute can completely envelop it.

Capture was observed in more detail by repeatedly

placing the two species together in pans until the pattern

of behavior was understood. Freshly collected Strombus

gibberulus and S. luhuanus were placed in sea water in a

plastic pan with sand on the bottom to permit normal

locomotion. After the strombids had stopped moving and

assumed their normal position, slightly sunk into the sand,

a large Aulica vespertilio (shell length approximately

10 cm) from the group found hunting in the field the

same day was placed in the center of the pan. In a few

seconds, most of the strombids had begun to move,

kicking more quickly and more violently than during

normal locomotion or righting. After 10 minutes, the

strombids not near the volute had stopped kicking, but

those in its immediate vicinity continued to exhibit vigor-

ous escape reactions, usually orienting themselves with the

anterior end away from the volute before kicking them-

selves forward. The volutes began to pursue the strombids

around the periphery of the pan and frequently caught

them, but as in the field the hold was sometimes broken.

When finally a volute obtained a firm grasp with the pro-

podium on the shell of a Strombus, it transferred the prey

along the length of the foot to the posterior trailing por-

tion. This part of the foot was then expanded, enveloping

the strombid in a pocket formed by stretching above the

snail and contracting around it below. The volutes then

carried the enclosed strombid, which formed a large bulge

in the top of the posterior portion of the foot, around for

some hours. Subsequent feeding was not observed, but

partially eaten Strombus were regularly found in the pans

the next morning when the volutes were left overnight

with the Strombus. Cannibalism does not occur when the

Strombs, which are herbivorous (Robertson, 1961), are

kept together alone.
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REACTIONS OF
Conus marmoreus AND Strombus spp.

Conus species feed at night (Kohn, 1959) and conse-

quently predation on Strombus by this species was not

observed in the field. At Pulau Gaya, during the day, C.

marmoreus was found buried, quiescent, beneath the

sand. Simple experiments similar to those performed with

Aulica vespertilio were carried out to determine if this

cone would capture and eat Strombus and to observe the

reaction of Strombus to the presence of the cone. Typical

experiments are described below ; the results were readily

repeatable. Animals were collected the same day they

were used.

Eight Strombus gibberulus and three S. luhuanus were

placed in a plastic pan (28x35 cm) in sea water three

inches deep with the bottom covered with clean coral sand

to permit normal locomotion. After some locomotory ac-

tivity the animals became quiet, and evenly distributed

over the bottom of the pan. A large Conus marmoreus (13

cm shell length) was then placed in the center of the pan
with the Strombus, several of which became very active in

a few seconds. Within one minute all individuals had
become very active, moving rapidly and erratically about

the pan by their strong kicking action. This activity did

not depend upon contact with the cone but was stimulated

by proximity. The cone was removed from the pan after

two minutes but the activity continued, and did not subside

until the water in the pan had been replaced with fresh

sea water several times.

The chemical nature of the sensory clue to the presence
of the cone for the Strombus was demonstrated by another
simple experiment. Fresh sea water slowly added to a
bowl containing four quiet Strombus gibberulus caused no
locomotory activity. However, when 200 ml of sea water
in which a live Conus marmoreus had been kept for two
hours was poured slowly into the bowl containing the
four Strombus in 50 ml of sea water, the strombids began
immediately to kick violently. There was also no response
when fresh sea water was poured into a pan containing
20 S. gibberulus. When 200 ml of water in which a C.
marmoreus had been kept for two hours was slowly poured
into at least 8 times its volume of sea water in the pan
all the Strombus began kicking strongly in a few seconds.
This activity continued for five minutes; the activity
subsided after the water in the pan was repeatedly
changed.

In an attempt to study the hunting activity of Conus
marmoreus at twilight (6 PM in February) ten Strombus
gibberulus were placed in a plastic pan of sea water with
sand on the bottom. A large C. marmoreus

( 10 cm long)

was placed in the pan, causing all of the Strombus to

react strongly within a few seconds. After 10 minutes the

Strombus had become quiet again and the cone had

begun to move slowly through the sand. Individual Strom-

bus resumed activity and leaped away whenever closely

approached by the cone. Capture of a Strombus by C.

marmoreus was not seen during observation of this experi-

ment and subsequent repetitions. However, on this and

two other occasions when cones were left overnight in the

pans with the S. gibberulus, capture and feeding occurred

unobserved. The following morning the cone was found

partially buried in the sand and one of the Strombus

was found dead, with the muscular portions of the body

eaten away. The cones were very sensitive to light and

were found fully expanded and active in the pans only at

night, after the pans had been in darkness and covered

for some hours.

REACTION OF Lambis lambis

TO Conus marmoreus AND Aulica vespertilio

Lambis lambis, a strombid very much larger (shell length

over 15 cm) than the adult Strombus gibberulus (shell

length ca. 5 cm) and the S. luhuanus (shell length ca.

6 cm) was also common in the vicinity of Pulau Gaya,

and its reaction to Aulica vespertilio and Conus mar-

moreus was tested. Lambis lambis is a very sedentary

animal, remaining motionless for long periods when placed

in pans of sea water. When an A. vespertilio was placed in

a pan of sea water containing four L. lambis resting on

a sand layer, limited kicking by the Lambis, sufficient to

move them a short distance, occurred. When a C. mar-

moreus was placed in a pan with the large Lambis, a more
vigorous reaction was produced. The long, thin foot was
extended fully and the Lambis moved themselves about in

the pan by strong thrusts. No predation occurred when
Aulica and Conus were left overnight in the pans with

the Lambis and none was observed in the field.

ESCAPE REACTIONS IN THE STROMBIDAE

DISCUSSION

Escape reactions in the Strombidae were first noticed by
Robertson (1961) who found that a marked escape

reaction was evoked in adult and young Strombus gigas

Linnaeus, 1758, 5". costatus Gmelin, 1790 and S. raninus

Gmelin, 1790 by the presence of Fasciolaria tulipa (Lin-

naeus, 1758). This carnivorous prosobranch was found
by Robertson to be an important predator of young
Strombus spp. at Bimini. Randall (1964) also observed

predation of young S. gigas by F. tulipa at St. Johns, West
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Indies. The present study demonstrated that S. gibberulus

and S. luhuanus, both small species are also subject as

adults to predation by two carnivorous prosobranchs.

It is probable that adults of Strombus gigas and other

large strombids such as Lambis lambis cannot be captured

by predatory snails smaller than themselves even though

such species still show an escape reaction as adults to

such predators. In these large Strombidae, the escape

reaction would therefore be of greatest importance for

survival during the juvenile stages, when predatory gas-

tropods are able to capture the smaller individuals. Escape

reactions to prosobranch predators would be of minor

survival value for the adults of these large snails which are

being subjected to greater predation by swift moving

predators hunting by sight. Randall for example found

that the principal predators of S. gigas were hermit crabs,

spiny lobsters, loggerhead turtles and 15 species of fish

(op. ext. 1964). It was previously indicated (Gonor,

1965) that the known gastropod escape reactions would

be ineffective with predators of this type.

The snail predators are able to capture adults of the

smaller species studied in this investigation, and the escape

reaction, shown by field observations to be effective, is

correspondingly more important as a survival mechanism

throughout the lives of these Strombus species even if

they are preyed upon by other types of predators. The
conclusion previously reached

(
Gonor, 1 965 ) that gastro-

pod escape reactions are functional, i. e. of selective advan-

tage, and are evolved as an adaptive response to predation

by slow moving predators hunting by chemosensation is

upheld.

Speculation on the mode of origin of gastropod escape

reactions is inviting since the reality of their selective

advantage is now well supported. A common feature of

the mechanisms employed by most gastropod species in

escape behavior is that they involve both anatomical and
behavioral features used normally in locomotory activities

and in righting, except that these actions are used at an
accelerated pace to escape a slow moving predator. The
locomotory responses of limpets and turban snails to star-

fish are more striking in their rapidity than in their

uniqueness. The mantle response of Diodora aspera Esch-
scholtz, 1833 and the Naticids (Margolin, 1964a) is

a more specialized behavior but the ability to cover parts

of the shell with the pallium is common in gastropods.

Nassarids are very active snails and use the same actions

for righting, rapid locomotion when roughly handled, and
in escape reactions. Gore (1966) discusses this similarity

in Nassarius vibex (Say, 1822) in detail.

In Strombus the similarity of the normal locomotory
activity (Parker, 1922) and that elicited by the predator

is obvious; they differ only in the frequency and strength

of the leaping. Robertson considered that the leaping

of strombs was principally related to escape from preda-

tors. However, when the escape behavior of other proso-

branchs is considered it seems more probable the behavior

employed in avoidance reactions was not evolved de novo,

but developed from pre-existing locomotory mechanisms.

It would seem that the most significant and novel

feature evolved in the development of these reactions

was not the movements, for they are also part of basic

activities, but the acquisition of the sensory basis for

detection and discrimination of a substance emanating

from the predator. Bullock (1953) noted that the speci-

fic adaptive behavior of the prey species indicated

remarkable recognition of the predator, and subsequent

experimentation (Margolin, 1964a, b, Gore, 1966) has

only further demonstrated how specific and sensitive this

can be. Escape reactions then might be viewed as

primarily not a new behavioral adaptation but rather a

new sensory one coupled to an existing behavioral pattern

capable of acceleration.

Despite an initial marked response to the presence of

Aulica and Conus both Strombus gibberulus and S. luhu-

anus eventually ceased to respond to their continuing

presence, except when contacted more closely. This type

of drop off is characteristic of gastropod escape reactions

under artificial circumstances. Ultimate cessation of the

response upon repeated stimulation was observed by both

Bullock (1953) and Margolin (1964a, b).

FEEDING HABITS OF
Conus marmoreus AND Aulica vespertilio

Species of the genus Conus are specialized predators

usually feeding on one type of prey, and may be divided

into groups according to whether they feed upon fish,

worms or snails. Endean (1963) demonstrated that the

feeding specificity is correlated with differences in the

toxic and paralytic properties of the cone venoms. In

general, the venoms were found to be effective only on
members of the group upon which the species of Conus
normally feed. The venom of Conus marmoreus was found
to be toxic to gastropods and also to produce a flaccid

paralysis in them. Kohn (1959) found that on Hawaii
C. textile Linnaeus, 1758, C. pennaceus Born, 1778 and
C. marmoreus fed upon gastropod species, the latter two
exclusively. He remarked that the most striking aspect of

the food of C. marmoreus was that it appeared to consist

entirely of other species of Conus. However, C. mar-
moreus is at the limit of its range at Hawaii and is not
abundant there. The present results indicate that it will
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prey upon other gastropods in areas where it is more

abundant and in this respect its feeding habits correspond

to those of the other two Conus which are gastropod

predators.

The Volutidae are neogastropods and these highly

evolved prosobranchs are in the main carnivores, so it

is not surprising that Aulica vespertilio like certain buc-

cinids, thaids and fasciolarids was found to be a molluscan

predator. It is more interesting to note the correspondence

between the method employed by A. vespertilio and the

unrelated mesogastropod, Natica unifasciata Lamarck,

1822 (= N. chemnitzii Pfeiffer, 1840) to capture leap-

ing gastropod prey (Gonor, 1965). Both species employ

a "pouncing" movement with the propodium spread wide,

and both manipulate the prey in the foot to the posterior

portion, where it is then enclosed in a pocket and carried

about before being eaten. Such close correspondence

between two unrelated forms makes it probable that this

capture and carrying method is a common feature of

predatory prosobranchs which catch active clams and

snails smaller than themselves. It provides a secure hold

on the prey while allowing normal locomotion, and may
function to kill or weaken the prey by cutting off its

supply of oxygenated water, making subsequent feeding

by the predator easier.

SUMMARY
Escape reactions of Strombus gibberulus, S. luhuanus and
Lambis lambis (Strombidae) produced by the presence of

Aulica vespertilio (Volutidae) and Conus marmoreus
(Conidae) were observed in captured animals at Pulau

Gaya and Pulau Mantabuan, North Borneo (118° 45' E,
4°36'N). The strombids leap away from the predators

more rapidly and further than they do in normal loco-

motion. The escape reaction is mediated by chemosensory
detection of a substance released into the water by the

predators, for water in which C. marmoreus had been
kept also elicited the reaction. Aulica vespertilio and C.
marmoreus captured and ate S. gibberulus when kept
with them in containers overnight. Predation by A. vesper-

tilio on S. gibberulus together with escape behavior of the
Strombus were also observed in the field under undis-
turbed conditions. The avoidance response allows some
individuals to escape when pursued by the predator.

After detecting the Strombus, A. vespertilio rapidly pur-
sues and then captures the prey by throwing the expanded

propodium over it. The captured snail is then enfolded

in the posterior part of the foot, and carried about

before being eaten.
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The Radula, Egg Capsules and Young of

Murex (Chicoreus) torrefactus Sowerby

(Mollusca : Gastropoda)

BY

WALTER O. CERNOHORSKY

Vatukoula - Fiji Islands

(6 Text figures)

The shells and several lots of egg masses of Murex

(Chicoreus) torrefactus Sowerby, 1840, used in this study,

have been collected at various localities in the North of

Viti Levu, Fiji Islands. This species of Murex is rather

common in this particular region and is especially prolific

in muddy sand localities. The species inhabits primarily

the intertidal zone and is found attached to the underside

of coral rocks, in one instance as many as 16 specimens

were found under a single coral boulder.

THE SHELL AND ANIMAL
Murex (Chicoreus) torrefactus Sowerby, 1840

1840. Murex torrefactus Sowerby, Proc. Zool. Soc. London for

1840: 141

1841. Murex torrefactus Sowerby, Conch. Illust., fig. 120

1959. Murex (Chicoreus) torrefactus Sowerby, Kira, Col.

shells Japan 1: 57; pi. 22, fig. 14 (recent colour photograph)

The shells are generally dark grey, blackish-grey or

greyish-brown, with very small specimens often brick-red

or orange-brown in colour. The interior of the aperture

in adults will vary from white to bluish-white, cream or

yellow; in some specimens the edge of the columella and
the prominent teeth on the labrum (10-16) are bright

rose in colour. The species occasionally attains a length of

80 mm in the Fiji Islands; however, the majority of

specimens vary between 55 mm and 60 mm. Fiji specimens
usually have shorter fronds than the specimen depicted
by Kira (1959).

The animal has a strongly muscular foot that is dark
brownish-grey in colour, and carries a solid corneous dark
brown operculum. The siphon is creamy-yellow, stained
with blackish-grey at the distal end; the tentacles are short
and moderately thick, grey mottled with white; the eyes
are simple and black.

Figure i

Operculum of Murex torrefactus Sowerby (in shell 70.0mm long)

THE RADULA

The radula is rhachiglossate and of triserial structure ; the

odontophore is long and narrow, translucent white in

colour, 14mm long and 0.35 mm wide in a shell 70mm in

length. The fully formed rows of teeth number 218 (plus

36 nascentes), and the lateral teeth partly overlap the

rhachidians. The first ten to twelve rows of teeth are

badly worn, with the cusps almost worn down to their

bases. The rhachidians are convex in front, concavely

depressed at the bottom and wider than they are long;

the central plate has three prominent arched cusps and an

intermediate denticle on each side of the large central

cusp; the two side-cusps are equal-sized and slightly

broader than the central cusp. The edges of the plate are

pointed, and most probably function as accessory cutting

edges, in view of their being blunted in the first rows of

the ribbon. Laterals are slightly smaller than the rhachi-

dians, simple, curved and sickle-shaped.

The radula of Murex torrefactus is similar in pattern

to that of M. ramosus Linnaeus, 1758, which is the type

of the subgenus Chicoreus Montfort, 1810.
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Figure 2

Murex torrefactus Sowerby from Vatia Wharf, Fiji Islands

a. half row of radula b. side view of lateral tooth

c. profile of central cusp

OTHER ANATOMICAL FEATURES

The penis is light orange-brown in colour, transversely

irregularly lined and variegated with dark brown; it is

about 10mm long when fully extended, and the distal

end of the verge is 0.5 mm in diameter.

5.5 mm

Figure 3

Penis of Murex torrefactus Sowerby

THE EGG MASS
AND THE EGG CAPSULES

Spawning of Murex torrefactus is not at all seasonal in

Fiji, and observations recorded for the last five years do

not suggest any seasonal peak activity in spawning. Egg

masses are rather abundant in muddy sand localities,

and capsules are attached in small or large clusters to the

underside of coral boulders in the intertidal zone. Egg

clusters include from 30 to 175 capsules, which are firmly

anchored to the substratum; as many as three separate

clusters in various stages of development have been found

under a single rock. The female frequently broods the

egg mass; however, in some instances the females were

assisted by the males of the species.

Figure 4
Dorsal View of Egg Clusters of Murex torrefactus Sowerby

Egg capsules are vase-shaped, 5-7mm in height and

4 - 5mm in width ; the oval or round, centrally placed

"escape hatch" from which the young emerge at the

crawling stage is 1.2- 1.4mm in diameter, and covered

by a strong hymen. The egg capsules are tough and

pliable, cream-coloured and attached by a flange to the

substratum ; one side at the top of the capsule is concavely

depressed and sutures run approximately through the

centre and sides of the capsule. The capsules are moder-

ately translucent, and the eggs can be observed through

the walls.

t- 5.0 mm —1

1.4 mm
I
—

I

Figure 5
Egg Capsule of Murex torrefactus Sowerby

Capsules contain from 30 - 60 spherical creamy-white

eggs, suspended in a nutritive albumen and surrounded
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by a very thin translucent membrane. Fertilized eggs

varied only slightly in size and ranged from 480^ to 520/x,

in diameter; in some spawn clusters, eggs were in an early

|— 1.2 mm —|

Figure 6

Newly Hatched Embryonic Shells of Murex torrejactus Sowerby

stage of cleavage. At the onset of hatching, the hymen

covering the escape hatch dissolves; embryonic shells on

emergence of the animal, were orange-brown to dark

brown in colour, smooth, and consisting of two and one-

half to three and one-third whorls with a produced

anterior canal. Newly hatched shells were extremely fragile,

and measured from 1.8 - 2.0mm in length and from 1.1 to

1.2mm in width. The majority of capsules contained from

6 - 7 embryos, while only a few contained 8 or 12, and
only one capsule produced 5; after hatching there

remained no trace of nurse eggs.
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Philippine Cowries

BY

CRAWFORD N. CATE

12719 San Vicente Boulevard, Los Angeles, California 90049

(Plates 32 to 45; 3 Text figures; 1 Map)

INTRODUCTION

The Philippine Archipelago is a unique, broken land area

separating the Pacific Ocean from the China Sea, and is

situated off the East Asian coast from approximately

4° 30' to 21° 30' north latitude, and from 117° 00' to

126° 35' east longitude. It comprises roughly 7000 islands,

of which 2773 are said to be recognized and named, the

others are considered unimportant and remain unnamed.

The combined land area is approximately 114800 square

miles, inhabited by a population of over 16 million people.

The native inhabitants are made up of many Christian

tribes (Tagalog, Visayan, Bikol, etc.), pagan tribes (Igo-

rot, Ifugao, etc.) and Mohammedan Moros.

To understand the relationship of the many islands to

our knowledge of the Philippine cypraeids, it is necessary

to recall the colonial and industrial development which

has opened up the area, the interest of the people in

mollusks, and their means of transportation and access to

the shelling places. With many bays and stretches of coast-

lines still unexplored today, the present extent of our

knowledge about certain collecting localities is rather lim-

ited. This report will list all of the presently known species

of Cypraea living in Philippine waters; it will also record

localities for them that are known to me as reasonably

accurate.

The Republic of the Philippines is roughly bounded on

the north by the capital island, Luzon; in the south the

main island is Mindanao, although lesser islands and

island groups extend south almost to the northern shores of

Borneo. The central continuity in the chain is provided by

Mindoro, Masbate, Samar, Panay, Leyte, Negros, Cebu,

and Bohol. On the western flank Palawan and the Cala-

mian Group lie in a northeast-southwest line to form a

natural separation for the Sulu and south China Seas; in

a similar manner the Sulu Archipelago separates the Sulu

and Celebes Seas (see Map).

The Philippine Islands provide, perhaps, the world's

most abundant populations of Cypraea species. Approxi-

mately 70 known species live here, some in restricted

niches, some in widely scattered populations, yet other

species seem to be found almost everywhere. Few species

appear to be endemic; Blasicrura dayritiana Cate, 1963,

Lyncina leucodon (Broderip, 1828), and a new species L.

porteri Cate, 1966 described recently may be the excep-

tions. Most appear to be range-continuations from other

Indo-Pacific areas, although it is possible the Philippine

ecology may form the base of origin for many of the forms.

The inter-island marine areas contain surprisingly deep

water; the central Sibuyan Sea, for example, has sound-

ings of from 20 to 985 fathoms, the Mindanao Sea 22 to

1080 fathoms, the Sulu Sea down to 2780 fathoms, while

the depth in Manila Bay ranges only from 12 to 25

fathoms.

It seems reasonable to suspect that the species popula-

tion centers listed in this paper probably only hint at the

extent of the total species distribution and represent only

an initial effort at identifying the localities.

Hidalgo (1904) seems to have been the first major

author to prepare a comprehensive taxonomic list of the

cowries with more or less precise locality data. Some years

later Faustino (1928) repeated Hidalgo's list, adding

few original observations of his own. It is my intention

that this paper will add the knowledge gained since their

work was published, collating their information with what

we presently know about the Philippine Cypraea; that it

will provide additional locality records and range exten-

sions; it will mention additional species previously omit-

ted from the faunal lists, and it will illustrate all of the

presently known Philippine species, to assist in their

identification.

A measurable degree of progress has been made in the

taxonomy of the Cypraeidae during recent years. Because

of this it is now possible to suggest geographic and race

names for these shells. In most instances I have followed

the generic arrangement proposed by Schilder (1965).

Many friends have, in some way or another, contrib-

uted to the information contained herein, - to them I
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express my deep appreciation. I am especially grateful to

Dr. S. Stillman Bern
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Keen, Stanford University, for references to obscure liter-

ature; to James E. Norton and Victor Dan, Manila, for

specimen shells and pertinent locality data ; to Mrs. Emily

Reid for the excellent text figures and the map ; to Robert

M. Lee, Honolulu, for specific collecting details relating

particularly to the island of Palawan and the Calamian

Group; to Joseph A. Porter, Zamboanga City, for photo-

graphs and certain data relating to the less well known

islands in the southern, marginal area of the Sulu-Celebes

seas; and especially to Fernando G. Dayrit, Manila, for

providing shells and for his enthusiasm and willingness to

furnish locality data and other valuable observations con-

cerning all of the Philippine cowrie species
;
finally, to Jean

Cate, without whose encouragement and assistance this

paper would not have become a reality.

SPECIES INDEX
* denotes Synonym

* achatina 243

albuginosa 249

* amoena 248

* amarata 239

* annulata 245

annulus 246

arabica 239

* arenosa 243

argus 242

asellus 255

atomana . . . 254

* aurantium 240

aurora . . . . 240

beckii 247

bistrinotata 245

boizinii 248

brevidentata 260

calxvquina 239

camtio partialis . . . 242

caputserpentis .... 249

carneola 243

caurica 254

childreni 246

chinensis 263

chrysostoma 253

cicercula 245

clandestina 255

* coffea 262

contaminata 256

continent 252

couturieri 238

coxeni 259

cribraria 263

* cruenta 263

cylindrica 253

dayritiana 259

depriesteri 261

eglantina
, 238

erosa 250

errones 253

felina 254

fimbriata 258
* flaveola 248

gangranosa 248

globulus 246

gracilis 257

granulata 251

hamrnondae 258
* harmandiana 246

helvola 249

hesperina 259

hirundo 261

indica 239
* inocellata 250
* intermedia 239

interrupta 260

irrorata 247

isabella 244

kieneri 261

labrolineata 248

lamarcki 250
* latior 260

leucodon 241

leviathan 243

limacina 251

listen 248, 256

luchuana 259

lurida 244

lutea 257

lynx 242

macandrewi 247

mappa 238

mariae 245

marmorata 258

martini 255

mauritiana 239

mediocris 245
* michaelis 242

microdon 258

miliaris 250

moneta 247

moniliaris 255

neglecta 261

nivosa 242

novaebritanniac . . . 252

nucleus 251

onyx 251

orientalis 263

ovum 253

pallidula 260

pardalis 240

pauciguttata 254

phagedaina 250

poraria 249

porteri 243

pulchella 252

punctata 254
* punctulata 260

pyriformis 252

quadrimaculata . . . 259

rashleighana 260

raysummersi 258

reticulum 249

rhinoceros 259

rhomboides 247

rumphii 244

saulae 256

scarabaeui 249

schilderorum 243

scurra 239
* siasiensis 256
* smithi 252

staphylaea 250

stolida 262

summersi 260

surabajensis 252

* tabescens 260

talpa 240

teres 260

testudinaria 244

tigris 240

undata 255

ursellus 262

vanelli 242

variolaria 263

ventriculus 243

vespacea 255

victoriana 254

vitellus 242

walkeri 252

ziczac 257
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33. Real Point 14° 33'

N

120° 38'

E

69. Balangkayan 11°30'N
34. Salvador Island 15°33'N 119°54'E 70. Boron "an 11°30'N
35. San Juan 16°40'N 122°20'E 7.1. Bobon 12°30'N
36. San Nicolas Shoal 14°24'N 120°50'E 71a. Catbalogan 11°46'N
36a. Santa Cruz 15°46'N 119°54'E 72. Dolores 12°06'N
37. Sisiman Cove 15°31'N 122° 17'E 73. Guiuan 11°03'N
38. Sorsogon Bay 12°50'N 123°50'E 74. Maqueda Bay 11°30'N
39. Subic Bay 14°40'N 120° 12'E 74a. Calabayog 12°00'N
40. Talaga Cove 14°27'N 120° 29'

E

74b. BANTAYAN ISLD. 11° 14'N
41. Tayabas Bay 13°45'N 121°40'E 75. LEYTE ISLAND 10°50'N
42. Tagbac 13°45'N 120°45'E 76. Carigara Bay 11°20'N
42a. Ternate 14° 19'N 120°41'E 76a. Palompon 11°03'N
43. Tobaco Bay 13°21'N 123° 41 'E 77. Carigara 11° 17'N
44. Verde Island 13°33'N 121°04'E 77a. Tacloban 11° 13'N
45. MINDORO ISLAND 12°55'N 121° 10'E 78. CEBU ISLAND 10°25'N

121 ° 10' E
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E
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E
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78a. Barrio

79. Cebu 10°18'N 123° 53'

E

80. Daanbantayan 11° 14'

N

124° 00'

E

81. Mandaue 10° 19'N 123° 56'

E

81a. Pinamungajan 10° 15'N 123° 35'

E

82. NEGROS ISLAND 10°00'N 123° 00'

E

83. Dumaguete 9° 18'

N

123° 19'E

83a. PANAY ISLAND lTlO'N 122° 30'

E

83b. Capiz 11°36'N 122°46'E

83c. Pototan 11°30'N 123° 45'

E

83d. Antique

84. ALMAGRO ISLAND 11°56'N 124° 18'

E

85. BOHOL ISLAND 9°50'N 124° 15' E

86. Tagbilarari 9°38'N 123°52'E

87. Koamen Island 9°50'N 124° 15'

E

88. PANGLAO ISLAND 9°35'N 123° 50'

E

89. Panglao 9°35'N 123° 47'

E

90. MACTAN ISLAND 10° 17'N 123° 58'

E

91. Santa Rosa Island 10° 17'N 123° 58'

E

92. HOMONHON ISLD. 10°43'N 125° 43' E
93. DINAGAT ISLD. 10° 10'

N

125° 35'

E

94. Dinagat 10°00'N 125° 34'

E

95. BANTAYAN ISLD. 11° 14'N 123° 44'

E

96. Bantayan 11 ° 13'N 123° 43'

E

97. SIARGAO ISLD. 9°50'N 126° 02'

E

98. Dapa 9°46'N 126° 40'

E

99. MINDANAO ISLD. 8°00'N 124° 30'

E

99a. Ayala

99b. Balauan

99c. Balingasag 8°43'N 124°47'E

99d. Dapitan 8°38'N 123° 27'

E

99e. Calumangan

100. Davao Gulf 6°35'N 125° 45'

E

101. Davao 7°04'N 125°37'E

101a. Balagnan

102. Manay 7° ll'N 126° 32'

E

102a. Caraga Bay 7°20'N 126° 35'

E

103. Misamis (Iligan Bay) 8°09'N 123°51'E

103a. Sacol

104. Santa Cruz Island 6° 52'N 122° 04'

E

104a. Cagayancico

104b. Sarangani Isld. 5°27'N 125° 28'

E

104c. Murcielagos Bay 8°38'N 123°31'E

105. Surigao 9°46'N 125°30'E

105a. Saguisi Island

107. Zamboanga Citv 6°54'N 122° 05'

E

108. BASILAN ISLD. 6°35'N 122° 00'

E

108a Calabaza

108b Lugbutun

109. Basilan City 6°41'N 121° 58'

E

109a Panigayan

110. Malamaui Isld. 6°41'N 121°58'E

110a. Pilas Isld.
6° 38'

N

121°36'E

111. Port Holland 6°32'N 121°53'E

111a. San Rafael Island

112. TOLO ISLAND 6°00'N 121° 10'E

112a. Menusa

113. TAPUL ISLD. GROUP 5°35'N 120° 50'

E

114. Laminusa Isld. 5°34'N 120° 52'

E

115. Lapac Isld. 5°32'N 120° 47'

E

116. Manubul Isld. 5°38'N 120° 47'

E

117. Punnungan Isld. 5°32'N 120° 52'

E

118. Siasi Island 5°32'N 120° 52'

E

119. TAWI TAWI GROUP 5°00'N 120° 00'

E

120. Tawi Tawi Isld. 5° 12'N 120° 00'

E

121 Tnlfc Island 5°00'N 120° 00'

E

1 99ICC Spmhim Island 5°08'N 120° 17'E

1 93 STRTITTI ISLD GROUP 4°45'N 119°22'E

1 94. QlVn ltii T cl q nrlOlUUlU lMa.UU 4°47'N 119° 28'

E

1 9^ ^TTANHKAT TSLAND
(South Lagoon) 4°45'N 119° 22'

E

1 9fi CAT AMTAN GROUP 12°00'N 120° 00'

E

127 Rnsuancra Tsland 12° 10'N 120°05'E

12R TCiitnnan TslnJJU LUl Icll I 1-MU. 11°58'N 120° 07'

E

129 ("lahatan Isld 12°00'N 120° 00'

E

130. Coron Isld. 11°55'N 120° 15'

E

131I O 1 .
r^nlinn TslanH 11°50'N 120° 00'

E

132 Hf»mana TslanH 11°50'N 120° 06' E
133 C^-rt rrK^ tart TslanH 11°56'N 120° 03'

E

134. Inlulucot Isld. 11°47'N 120° 16'

E

135. IVTarilv TslanH 11°58'N 119°58'E

136. CUYO ISLD. GROUP 11°05'N 121° 00'

E

1 37 1:1 i\rr\ TqI anH 10° 50'

N

121° 03'E

138. Acnitava Tsln 10°09'N 120° 58'

E

139. T TJRANG ISLD 13°45'N 120° 45'

E

140 Amh i 1 T si an rl 13°48'N 120° 18'E

141 PqKyo Tsianrl 13° 52'N 120° 02'

E

142. T .11 nan O" 13° 50'

N

120° 07'

E

143. HTa crna c 13°45'N 120° 45'

E

144. Tilir TCav 13°49'N 120° 10' E
145. LINAPACAN ISLAND

(North Bay) 11°25'N 119° 50'

E

146. CABULI ISLD 11° 35'N 119° 38'E

147. PANGULASIAN ISLD. 11°06'N 119°18'E

148. PALAWAN ISLD. 9° 35'N 118° 30'

E

149. Bacuit Bay 11°03'N 119°22'E

150. Borotoan Bay 11°23'N 119°28'E

151. Cacnipa Isld. 10° 28'

N

119°03'E

152. Cape Buliluyan 8°21'N 117° 09'

E

153. Corongcorong Bay iroi'N 119°21'E

154. Crawford Point 11°25'N 119°24'E
155. Liminangcong 10° 52'N 119°17'E
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155a. Paragua

156. St. Paul Bay

157. Ulugan Bay

158. BALABAC ISLD.

159. Balabac

160. TURTLE ISLD.

161. Taganak Island

162. Paragua Isld. (Ulugan Bay)

163. Panagatan Isld. (Adams & Reeve
164. Narbacan (Ilocos Prov., Luzon)

10°22'N 118°55'E

10°03'N 118°47'E

7°57'N 117°00'E

7°59'N 117°00'E

6°15'N 118°10'E

6°04'N 118° 14'

E

Cypraeidae

Cypraeorbinae Schilder, 1939

Mauritia Troschel, 1863

Das Gebiss der Schnecken 1: 205

Type Species: Cypraea mauritiana Linnaeus, 1758

(Leporicypraea) Iredale, 1930

Mem. Queensl. Mus. 10 (1 ) : 83

Type Species: Cypraea mappa Linnaeus, 1758

1. Mauritia (Leporicypraea) mappa mappa
(Linnaeus, 1758)

Systema Naturae, ed. 10: 718

(Plate 34; Figures 7 a, 7b)

Localities: 5, 13, 32, 44, 54, 55, 56, 57, 68, 69, 70, 71, 73,

84, 87, 100, 101, 102, 103, 104, 104c, 107, 108, 109,

114, 117, 118, 119, 120, 121, 145.

Hidalgo (1904) Cypraea mappa: 26 (Meyen), 28a (Ele-

ra),51a, 68, 78 (Elera),99d, 104b, 105, 107.

Faustino (1928) Cypraea mappa: 1,99.

Schilder (1965) Mauritia mappa: Philippines.

(15) rc
2 L W H Lip Col

1

Largest shell

:

91.6 59.5 48.5 43 36

Smallest shell: 70.9 45.2 37.8 35 30

The deep, intense shades of rose and pink on the base of

the Philippine shells easily separate them from those of

' Shell measurements (in millimeters) :

L = length of shell; W = width of shell; H = height of shell

Lip = number of teeth on outer lip: Col = number of teeth on

columella, excluding terminal ridge.

* Numbers in parentheses indicate the number of specimens exam-
ined in this study. The abbreviations refer to the relative abun-

dance of the species in the Philippines: vr = very rare; r =
rare; u - uncommon; rc = reasonably common; c = common.

the central and eastern Pacific Ocean; the latter are

characterized by a paler color and a nearly white base.

Shell large, humped, solid, bulbous; terminals promi-

nent, angled; aperture straight; labial teeth short, well

defined, just reaching to outer lip; columellar teeth longer,

finer, and confined strictly to columella and fossula; fossu-

la wide, shallow, with protruding median ridge; basic

dorsal color pale beige-brown, ornamented with latitu-

dinal lines, occasional light lacunae and wide prominent

meandering mantle line; margins thickly calloused,

marked with large sparse obscure brown spots; terminals

and base usually deep rose-pink, columellar teeth and

interstices mostly pale orange ; labial teeth off-white, inter-

stices pale orange.

(Arabica) Jousseaume, 1884

Naturaliste 1884: 414

Type Species: Cypraea arabica Linnaeus, 1758.

2. Mauritia (Arabica) eglantina couturieri

(Vayssiere, 1905)

Journ. de Conchyl. 53: 13; pit. 1, fig. 3

(Plate 35; Figures 8a, 8b)

Localities: 69, 70, 100, 101, 102, 103, 104, 107, 130, 148.

Hidalgo (1904) Cypraea eglantina: 28a, 68, 78, 99c,

105.

Faustino ( 1928) : Cypraea eglantina: 1, 78, 99.

Schilder (1965) Mauritia eglantina: Palawan, Philip-

pine Islands.

(11) rc L W H Lip Col

Largest shell

:

69.1 43.8 36.1 36 35

Smallest shell

:

44.2 24.0 19.4 33 27

The living range of this species seems to be limited to

the east coast of Asia north of Malaysia, the central and

eastern Pacific Ocean and the west coast of Australia

(see species no. 3 for a discussion on separating these

two forms).

Shell light weight, oblong-ovate, subcylindrical, elon-

gate; terminals thick, strong, semi-produced; aperture

long, narrow; base weakly convex; teeth short, fine, length-

ening onto base only at center of columella
;
margins thick,

rounded, upswept, shouldered; primary dorsal color pale

grey, overlaid with fine compact network of irregularly

broken chestnut-brown lines, numerous lacunae and

mantle line; margins pale beige with numerous large

obscure black spots; base and interstices off-white, teeth

red-brown.
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Figure 2 c

Lyncina leucodon (Broderip, 1828) x J
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3. Mauritia (Arabica) arabica arabica (Linnaeus, 1758)

Systema Naturae, ed. 10: 718

(Plate 35; Figures 9 a, 9b)

Syn.: Cypraea intermedia Gray, 1824, Zool. Joum. 1: 77

Localities: 9, 20, 25, 26, 28, 32, 33, 35, 43, 55, 69, 70, 78,

79, 88, 89, 90, 102, 108, 109, 114, 117, 118, 130, 145,

158, 159.

Hidalgo (1904) Cypraea arabica: 22 (Elera), 2a, 28a,

29 a, 51a, 53 a, 71a, 78, 83 d, 105, 107, 111a, 112, 118,

158, 162.

Faustino (1928) Cypraea arabica: 1,78,99.

Schilder (1965) Mauritia arabica: Palawan, Philippine

Islands.

(9) c L W H Lip Col

Largest shell

:

56.8 37.2 30.1 27 25

Smallest shell

:

34.9 22.4 17.3 26 20

Arabica arabica arabica can easily be separated from

its most closely related form A. eglantina couturieri

(Vayssiere, 1905) by a comparison of the columellar

teeth of the two subspecies; those of A. a. arabica are

larger and heavier and extend well up onto the shell's:

base for its entire length; on A. eglantina couturieri the

columellar teeth are very fine and extend onto the base

only at its center. Shell morphology and other less obvious

differences are also contributing identifying characters.

Shell oblong-ovate, base flattened; apex protruding;!

terminals not protruding
;
margins very thick, heavily cal-

loused, rounded ; dorsal pattern of latitudinal finely broken

parallel lines; dorsum with small lighter colored lacunae

and mantle line; margins, base, and interstices beige,

teeth brownish-red
;
margins dotted with numerous large

black spots.

4. Mauritia (Arabica) scurra indica (Gmelin, 1791)

Systema Naturae, ed. 13: 3412

(Plate 35; Figures 10a, 10b)

Syn.: Cypraea amarata Morch, 1852. Cat. Conch. Yoldi,

p. 114

Localities: 69, 70, 87, 104, 107, 108, 109, 1 14, 1 17, 1 18, 127.

Hidalgo (1904) Cypraea scurra: 139.

Faustino (1928) Cypraea scurra: 139.

Schilder (1965) Mauritia scurra indica: Philippines.

This species is rare in the Philippines as it is in nearly

every Indo-Pacific locality where it is found. Of all the

members of the genus it seems most closely allied morpho-
logically with Arabica eglantina couturieri.

(11) u L W H Lip Col

Largest shell

:

43.7 22.1 18.1 39 38

Smallest shell

:

37.0 19.0 15.7 43 32

Shell solid, cylindrically oblong, abruptly elevated
;
apex

depressed; aperture narrow, straight; margins thickened

but not prominent ; teeth short, fine, crossing both colum-

ella and fossula ; terminals thickened and produced ; basic

dorsal color beige, overlaid with broken chestnut-brown

lines, numerous lacunae, and narrow mantle line
;
margins

a darker brownish-beige with numerous large black spots;

base and interstices brownish-beige, teeth red-brown.

(Mauritia) Troschel, 1863

Das Gebiss der Schnecken 1: 205

Type Species: Cypraea mauritiana Linnaeus, 1758

5. Mauritia (Mauritia) mauritiana calxequina

(Melvill & Standen, 1899)

Journ. Conchol. 9: 236

(Plate 34; Figures 5 a, 5b)

Localities: 32, 33, 43, 45, 46, 47, 55, 56, 57, 64, 65, 69,

70, 114, 117, 118, 130, 136, 137, 138, 145.

Hidalgo (1904) Cypraea mauritiana: 48a, 68, 78 (Ele-

ra), 83 d, 99 d, 103 a, 104a, 105, 107.

Faustino (1928) Cypraea mauritiana: 45, 99.

Schilder ( 1 965 ) Mauritia mauritiana : Philippines.

(7) c L W H Lip Col

Largest shell

:

82.2 56.6 39.7 26 23

Smallest shell: 63.0 45.3 30.8 25 23

These mollusks are usually found living in a rocky

habitat of highly oxygenated, turbulent, pounding surf.

The shells are thick, heavy, and consequently well adapted

to such an environment.

The Philippine shells are fairly large for the species,

thick, strong; apex protruding; aperture wide and curv-

ing; terminals prominent, sharp; teeth large, bold, and

well defined; the high, flat margins sharply angled with

base; primary dorsal color yellow-white overlaid with

medium brown, almost completely covered with lacunae;

sides, base, and external teeth dark brownish-black, ex-
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tension of teeth on columella, fossula and interstices

yellowish white.

Talparia Troschel, 1863

(Talparia) Troschel, 1863

Das Gebiss der Schnecken 1: 204

Type Species: Cypraea talpa Linnaeus, 1758

6. Talparia (Talparia) talpa talpa (Linnaeus, 1758)

Systema Naturae, ed. 10: 720

(Plate 35; Figures 11a, lib)

Localities: 9, 55, 56, 57, 69, 70, 74 a, 78, 79, 87, 100, 102,

104, 107, 114, 117, 118.

Hidalgo (1904) Cypraea talpa: 50, 68 (Elera), 78, 83d,

99 c, 102 a, 104 b, 105, 105 a, 107.

Faustino (1928) Cypraea talpa : 50, 78, 99.

Schilder (1965) Talparia talpa: Philippine Islands.

(27) c L W H Lip Col

Largest shell

:

74.7 40.4 31.9 54 40

Smallest shell

:

53.7 28.0 23.6 44 44

Shell light in weight, cylindrically oblong; terminals

prominent, particularly the right posterior; apex de-

pressed; aperture of medium width, straight; dorsal color

yellow-white, overlaid with four wide indistinct light

brown bands; terminals thickened, right margin, base,

and teeth very dark brown, interstices off-white.

Cypraea Linnaeus, 1758

Systema Naturae, ed. 10: 718

(em.) Montfort, P. Denys de, 1810, Conchyl.

syst. 2: 630

Type Species: Cypraea tigris Linnaeus, 1758

7. Cypraea tigris pardalis Shaw, 1795

Vivar. Natur. Misc. 6: pit. 193

(Plate 34; Figures 6a, 6b)

Localities: 26, 28, 31, 32, 64, 65, 69, 70, 78, 79, 90, 100,

102, 104, 104c, 105, 114, 116, 117, 118, 130, 145, 158,

159.

Hidalgo (1904) Cypraea tigris: 9a, 29a, 45, 50, 71a,

77a, 82, 85 (Elera), 78a, 83b, 83d, 105, 107, 108a,

108 b, 112 a, 118, 162.

Faustino (1928) Cypraea tigris: 1, 78, 99.

Schilder (1965) Cypraea tigris: Philippine Islands.

(15) c L W H Lip Col

Largest shell

:

86.3 59.9 45.5 27 25

Smallest shell

:

65.3 45.3 34.3 24 20

This is a very common species, especially in the Sulu

Sea, where it is collected in large numbers and shipped

in quantity to the world market.

Shell medium-large for the species, ventricosely ovate,

base flatly concave
;
apex smoothly buried

;
aperture wide

;

labial teeth large, well defined, interstices deep, columellar

teeth long, narrow, fine ; dorsal color white, tan or yellow-

ish-orange, with closely spaced large, blurred, black spots

and fine orange mantle line; base, teeth, and interstices

white.

Lyncina Troschel, 1863

Das Gebiss der Schnecken I: 205

Type Species: Cypraea lynx Linnaeus, 1758

8. Lyncina aurora Schroter, 1789

Unterhalt. f. Conchyl. und f. Samml. d. Mineralien,

p. 92; pit. 2, figs. 1, 2 1789

non Lightfoot, John; Cat. Portld. Mus., 1786, pp.

10, 178 (nom. nud.)

(Plate 32; Figures 1 a, lb)

Syn.: Cypraea aurantium Gmelin, 1791. Syst. Nat., ed

13, p. 3403.

1795. Cypraea aurora. Chemnitz, J. H., Neues Syst. Conch. Cab.

11: 34 [Rejected I.C.Z.N., op. 184]

1810. Cypraea aurora. Lamarck, J. B. de, Descr. Genre Porcelaine,

Ann. Mus. Hist. Nat. Paris 15: 452

1817. Cypraea aurora. Dillwyn, L. W. (Solander's MS Portland

Cat. 10, lot 197) Descr. Cat. Recent Shells 1: 441

1823. Cypraea aurora. Donovan, E. Naturalist's Repository (Lon-

don) ; Texto de la lam. 32 (Hidalgo).

1824. Cypraea aurora. Soland. MS!, Gray, J. E., Monogr. Cyprae-

idae, Zool. Joum. 1: 150

1844. Cypraea aurora Solander. Lamarck, J. B. de, Porcelaine

(Cypraea). Anim. s. vert. 10: 502

1844. Cypraea aurora Soland., Kiener, L. C; Spec. Icon. Coq.,

Cypraea, p. 8

1845. Cypraea aurantium, Martyn (Univ. Conchol., vol. 2, f. 59),

Reeve, Lovell A., Conch. Icon., pit. 4, spec. 11

1870. Cypraea aurora, Soland. Sowerby, G. B. (2), Thes. Conch.

4: 20; pit. 293, figs. 7-8
1881. Cypraea aurora (Solander) Chemnitz, Weinkauff, H. G,

Die Gattung Cypraea. Conch. Cab., (ed. 2, Martini-Chem-

nitz, Cypraea, p. 4)
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Figure 4 a Figure 4 b

Chelycypraea testudinaria testudinaria (Linnaeus, i 758) x 1
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1906-07. Cypraea aurantium Martyn. Hidalgo, J. G., Monogr.

d. 1. espec. viv. del Gen. Cypraea, p. 187

1965. Lyncina aurantium (Gmelin, 1791). Schilder, F. A., Geogr.

Distrib. Cowries. The Veliger 7 (3) : 171-183

Localities: 72, 82, 83, 85, 91, 92, 93, 94, 97, 98, 100, 102,

105, 107.

Anonymous (1961b) Cypraea aurantium: Philippines.

Greene (1963) Cypraea aurantium: Philippines.

Kay (1963) Cypraea aurantium: Philippine Islands.

Schilder (1965): Philippines.

(5) r L W H Lip Col

Largest shell

:

101.5 65.0 53.5 36 35

Smallest shell: 80.0 55.7 45.5 35 33

An obscure taxonomic record by Schroter (1789)

appears to have gone unnoticed, due to the rarity of this

published work. Although some of Schroter's writings

have been declared invalid, this work seems completely

binomial, and therefore probably provides the first valid-

ation of Solander's (1786) name for the species. This

name, correctly, should stand unless the International

Commission on Zoological Nomenclature declares the

name a nomen oblitum following a petition, an action

I do not contemplate pursuing at this time. Dr. S. Still-

man Berry, Redlands, California, has a copy of this rare

reference work in his private library and was kind enough

to let me have access to it for this study.

This species must be considered rare although a fairly

large number of shells are known in Philippine collections.

Its distribution in these waters is rather restricted and

it is presently living in a range confined to the east coast

of Mindanao from the Tawi Tawi Group, Tapul Group,

to Davao Gulf and on the east coast of Surigao; it is also

reported from Bohol (Mr. Zambo, Cebu).

Shell ovately-pyriform, heavy, umbilicate; left margin

rounded, thickened, right margin angled, unevenly cal-

loused; aperture wide, straight, curving left adapically;

terminals prominent, heavily formed; base slightly flat-

tened; columellar teeth numerous, fine, extending across

both columella and fossula; labial teeth heavier, more
widely spaced ; neither columellar nor labial teeth extend

onto base; fossula broad, shallow, with a perceptible

median ridge; dorsal color varies from pale orange to

deep burnt-orange; base, margins, and terminals off-white;

teeth, interstices bright orange.

9. Lyncina leucodon (Broderip, 1828)

Zool. Journ. 4: 163; pit. 5

(Plate 32; Figures 2a, 2b, 2c)

Locality: 122.

Clench (1960) Cypraea leucodon: Indian Ocean.

Schilder (1965) Lyncina leucodon : Chagos Archipelago.

Weaver (1965) Cypraea leucodon : Philippines.

(2) vr L W H Lip Col

(Holotype, British Museum)

83.0 71.0 27 28

(Harvard Univ., M. C. Z. no. 38370)

77.5 54.5 43.0 26 22

(J. A. Porter specimen)

82.0 54.0 45.0 25 24

I have had the privilege of examining the specimen at

the Museum of Comparative Zoology, Harvard Univer-

sity. Up to now the species has been considered exceed-

ingly rare as only two shells were known; the holotype

in the British Museum (Natural History), and the M. C.

Z. specimen mentioned. A third specimen recently dis-

covered (Plate 32, Figures 2 a, 2b, 2c) is now located

in the private collection of Mr. Joseph Porter, Zambo-

anga City, Mindanao. The Harvard shell will be referred

to in this paper as Hypotype 1 , and the new Porter speci-

men will be called Hypotype 2 for purposes of identifi-

cation.

The finding of this recent Lyncina leucodon interest-

ingly parallels the rediscovery of Notadusta m. martini

(Schepman, 1907) (see Cate, 1963). Similarly, it was

removed from the stomach of a fish generally considered

to be non-migrating in its living habit, commonly called

a "grouper" (locally referred to as Lapu-Lapu) . The fish,

hooked off Secubun Island (5° 08' N Lat., 120° 17' E
Long.), Tawi Tawi Group, was taken in 10 fathoms of

water, \ mile from the east coast in the Celebes Sea,

during the early spring of 1965.

The habitat of this very rare species has never before

been known; therefore the importance of this discovery

can hardly be overemphasized for it is the first reasonably

accurate locality record of a recently dead specimen.

Clench (1960) points out that one could only speculate

where this obscure species might have lived. The localities

of the holotype and hypotype no. 1 seem never to have

been recorded.
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Although I have not seen Hypotype no. 2, I have exam-

ined photographs (Plate 32, Figures 2a -2c) of the

Secubun Island shell, and am satisfied that it fits the

description by Broderip quite faithfully.

Shell large, heavy, wide, pyriformly ovate
;
apex faintly

depressed; terminals produced, ponderous, constricted in

front, curved toward left posteriorly; margins slightly

thickened, rounded; teeth large, strong, prominent, pro-

duced, with deep interstices; fossula deeply concave,

edged with protruding teeth adaxially; columella broad,

concave; columellar teeth long and prominent; aperture

wide and fairly straight; primary shell color ivory, over-

laid with pinkish fawn; dorsum with wide mantle line

and large ivory lacunae, these becoming indistinct at

margins; portion of base, teeth and interstices ivory.

10. Lyncina argus argus (Linnaeus, 1758)

Systema Naturae, ed. 10: 719

(Plate 33; Figures 3 a, 3 b)

Localities: 55, 57, 68, 69, 70, 93, 94, 97, 98, 102, 107, 108,

109, 110, 114, 117, 118.

Hidalgo (1904) Cypraea argus: 68, 85 (Elera), 105,

105 a, 107.

Fausttno (1928) Cypraea argus: 99.

Schilder (1965) Lyncina argus: Philippines.

(15) rc L W H Lip Col

Largest shell

:

82.4 44.0 33.7 43 44

Smallest shell

:

68.6 37.0 30.0 41 40

This species can be easily identified by the variously

sized brownish-red rings on the dorsal surface and four

very large brown marks at each quarter of the base.

Shell large, relatively light in weight, cylindrically ob-

long, flattened underneath; aperture wide, curving; teeth

short, barely reaching base and edge of lip; terminals

thickly calloused, somewhat prominent; primary shell

color creamy-cocoa, overlaid dorsally with three wide

transverse brown bands and with numerous red-brown

"eyes" or ocellae; some of these small, thin-lined rings,

others larger and more thickly ocellate; four large dark

brown blotches present at each quarter of base; terminals,

narrowly thickened base, teeth, and interstices creamy-

cocoa.

11. Lyncina lynx vanelli (Linnaeus, 1758)

Systema Naturae, ed. 10: 720

(Plate 35; Figures 12a, 12b)

Syn. : Cypraea lynx Linnaeus var. michaelis Melvill,

1905; Journ. Conchol. 11: 192.

Localities: 4, 10, 23, 26, 31, 32, 41, 46, 65, 69, 70, 78, 81,

84, 90, 104, 104c, 107, 108, 109, 114, 117, 118, 130,

144, 145, 153.

Hidalgo (1904) Cypraea lynx: 2a, 31 a, 45 (Elera), 52a,

78 (Elera), 83b, 105, 107, 111a, 112a, 158, 162.

Faustino (1928) Cypraea lynx: 1,83a, 99.

Schilder (1965) Lyncina lynx: Philippines.

(23) c L W H Lip Col

Largest shell: 38.2 21.8 19.3 23 19

Smallest shell: 20.9 14.2 11.5 16 14

Shell elongately ovate, subpyriform; terminals well

developed, especially anteriorly; aperture long, fairly

straight; well formed teeth crossing both columella and
fossula but not extending onto base and lip; base flattened;

margins somewhat thickened; shell color pale ivory,

thickly overlaid dorsally with obscure greyish-mauve spots

and infrequent larger dark brown spots, particularly on

sides and upper margins; fine orange-brown mantle line

dividing length of right dorsum
;
margins, base, and teeth

ivory-white; interstices red-orange.

12. Lyncina vitellus vitellus (Linnaeus, 1758)

Systema Naturae, ed. 10: 721

(Plate 36; Figures 17 a, 17 b)

Localities: 8, 26, 28, 31, 32, 43, 46, 54, 69, 70, 78, 79, 90,

91, 100, 101, 104, 104c, 107, 108, 109, 114, 117, 118,

130, 145, 158, 159.

Hidalgo (1904) Cypraea vitellus: 45 a, 52a, 76a, 78 (El-

era), 83d, 99c, 105, 107, 112a, 162.

Faustino (1928) Cypraea vitellus: 45, 75, 99.

Schilder (1965) Lyncina vitellus: Philippines.

(25) c L W H Lip Col

Largest shell

:

51.3 31.3 25.6 34 23

Smallest shell

:

47.3 29.5 24.9 30 22

A Western Erythraean-Persian species. Lyncina came-

lopardalis (Perry, 1811), has much the same dorsal

appearance but differs decidedly from L. v. vitellus by

its markedly finer columellar teeth and the brownish-

black interstices. Another closely related species from the

Bay of Bengal, L. nivosa (Broderip, 1827), has the fine

columellar teeth without the darkened interstices. In L.

v. vitellus the peculiar grainy, vertical striae on the sides

of the shell are identifying characters not to be found in

L. camclopardalis, although appearing obscurely in L.
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nivosa; it can also be said this latter shell more closely

resembles the Linnaean species.

Shell ovate, ventricose, solid; anterior terminal slightly

attenuated
;
posterior terminal vertically flattened

;
margins

faintly calloused; teeth short, well developed (compara-

tively heavier and stronger than in other species), crossing

both columella and fossula; basic shell color off-white,

overlaid dorsally with varying shades of fawn and spotted

with white; terminals, base, teeth, and interstices off-

white.

13. Lyncina ventriculus (Lamarck, 1810)

Ann. Mus. Hist. Nat. Paris, 15: 452

(Plate 36; Figures 14a, 14b)

Syn. : Cypraea achatina Perry, 1811 (Solander MS)
Conchology 20: 6

Localities: 69, 70, 72.

Hidalgo (1904) Cypraea ventriculus: 78 (Elera), 107;

Cypraea arenosa Gray: 68 (Elera).

Faustino (1928) Cypraea ventriculus: 78, 107.

Schilder (1965) Lyncina ventriculus: Philippines.

(2) r L W H Lip Col

Largest shell: 49.1 33.1 24.0 27 22

Smallest shell: 44.3 29.3 21.1 24 21

As far as we presently know, this species is found in the

Philippines only in deep water on the Pacific coast line of

the most easterly islands, principally Samar. The shell

is solid and heavy for its size.

Shell oblong-ovate, humped, base uneven and somewhat

concave on both lips
;
deep greyish-brown to honey-brown

mantle pattern covering sides of shell to mantle lines,

usually leaving subadult pale grey and brown dorsal

banding exposed on top; base light brownish-beige, teeth

and interstices off-white
;
margins finely vertically striate.

This species, in my experience, appears to be most

abundant in the Cook Islands (Mauke) area, from where

it ranges to Tahiti, Bora Bora, the Leeward Islands, and

Namoluk Atoll in the Caroline Islands. Several early

authors have confused this shell with Lyncina schilder-

orum (Iredale, 1939), as both species are somewhat

alike in dorsal appearance. However, in L. ventriculus,

the shell is easily identified by its larger, heavier shell, less

pyriform shape, wider aperture, and larger, heavier teeth.

14. Lyncina porteri Cate, 1966

The Veliger 8 (3) : 200; pit. 29

(Plate 36; Figures 15a, 15b)

Locality: 116.

Weaver (1965) unnamed: Philippines.

(1) vr L W H Lip Col

(Holotype) 47.0 34.7 25.3 33 32

Shell strong, solid, ovate, broadly flattened; terminals

prominent, thickly outlined; margins heavily calloused,

upswept, angularly shouldered; aperture straight, very

narrow; teeth numerous, fine, sharp, and restricted to

edge of lip, columella, and fossula, completely traversing

these adaxially; fossula small, deep; primary dorsal color

dark cafe-au-lait, and, except for a broad central axial

mantle line, upper surface generally speckled with blurred,

somewhat obscure, light chestnut-brown spots, with an

occasional larger, darker brown marginal spot; terminals

orange, margins and base orange to pale orange; teeth

and interstices off-white.

This species has just recently been described (see Cate,

1966). It was collected during mid-April 1965. The
mollusk was found living in approximately 48 feet of

water just at the entrance to a coral cave. The location

was Manubul Island, a part of the Tapul Group, immedi-

ately south of Lapac and Siasi Islands (5°38'N Lat.,

120° 47' E Long.). The holotype has been deposited in

the California Academy of Sciences Geology Department

Type Collection, where it bears the catalogue number

C. A. S. 12756.

The shell was named in honor of Mr. Joseph A. Porter,

Zamboanga City, who found the shell and first suspected

that it might be new to science.

15. Lyncina carneola carneola (Linnaeus, 1758)

Systema Naturae, ed. 10: 719

(Plate 36; Figures 16 a, 16b)

Localities: 9, 26, 45, 54, 69, 70, 78, 88, 89, 90, 104 c, 107,

114, 117, 118, 145.

Hidalgo (1904) Cypraea carneola: 29a, 78, 99d, 104b,

107, 112, 158.

Faustino (1928) Cypraea carneola: 1,99.

Schilder (1965) Lyncina carneola: Philippines.
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(11) c L W H Lip Col

Largest shell

:

76.6 47.6 38.0 41 29

Smallest shell

:

23.9 13.6 11.1 22 18

Lyncina carneola carneola appears to attain its maximal

shell growth in the southern Philippine waters. The Phil-

ippine shells are unusually light-weight for their size,

nearly bulbous, and thus distinctly unlike the L. leviathan

Schilder & Schilder, 1937, of eastern Polynesia.

Shell nearly bulbous, oblong-ovate; apex area broad,

prominent, though flattened; aperture wide, curving;

terminals weak; margins very lightly calloused; dorsal

color rose to rose-beige, transversely banded with four

(often five) tomato-red dorsal zones; wide marginal area

pale yellow-beige, with a sandy, granular texture; base

pale beige, teeth and interstices dark lavender.

(Luriini) Schilder, 1932

Chelycypraea Schilder, 1927

(Chelycypraea) Schilder, 1927

Arch. Naturgesch. 91 A (10) : 92

Type Species: Cypraea testudinaria Linnaeus, 1758

1 6. Chelycypraea (Chelycypraea) testudinaria testudinaria

(Linnaeus, 1758)

Systema Naturae, ed. 10: 719

(Plate 33; Figures 4a, 4b)

Localities: 55, 56, 57, 69, 70, 74, 74a, 100, 102, 104, 107,

108, 111, 114, 117, 118, 121.

Hidalgo (1904) Cypraea testudinaria: 78, 99 d, 102a,

105, 107.

Faustino (1928) Cypraea testudinaria: 78, 99.

Schilder (1965) Chelycypraea testudinaria: Philippines.

(9) rc L W H Lip Col

Largest shell

:

124.8 61.5 50.8 45 43

Smallest shell: 85.2 44.2 34.7 44 41

Shell large, solid; cylindrically elongately-ovate ; ter-

minals large, thick, prominent; anterior terminal and base

elevated; aperture relatively narrow, straight; broad,

deep fossula and columella prominently and sharply

dentate; color light grey to light grey-beige, with two
square, solid dark brown dorsal patches overlapping at

central corners, large brown spots and splashes covering

remainder of dorsum and sides, usually leaving two uneven

upper areas free of ornament; sides and margins usually

light brown-grey ; entire dorsal surface profusely sprinkled

with fine white specks; base and interstices light brown-

beige, teeth off-white.

Luria Jousseaume, 1884

Bull. Soc. Zool. France 9: 92

(Naturaliste 1884: 414, nom. nud.)

Type Species: Cypraea lurida Linnaeus, 1758

(Basilitrona) Iredale, 1930

Mem. Queensld. Mus. 10 (1) : 83

Type Species: Cypraea isabella Linnaeus, 1758

17. Luria (Basilitrona) isabella rumphii

Schilder & Schilder, 1938

Proc. Malacol. Soc. London 23 (3) : 177

(Plate 35; Figures 13a, 13b)

Localities: 9, 25, 28, 33, 43, 54, 90, 100, 101, 104, 104c,

107, 108, 109, 114, 117, 118.

Hidalgo (1904) Cypraea isabella: 22 (Elera), 51, 68

(Elera), 78, 103, 105, 111a, 112, 158.

Faustino (1928) Cypraea isabella: 1,78,99.

Schilder ( 1 965 ) Luria isabella : Philippines.

(7) c L W H Lip

Largest shell

:

30.7 17.0 14.3 38

Smallest shell: 17.2 9.5 7.6 30

There seems to be no "standard" shell size for this species.

This size variability among adult shells is perhaps the

most outstanding characteristic of the species.

Shell subcylindrical, attenuating abruptly posteriorly,

more gradually toward the front; terminals strong, well

developed, and heavily calloused; teeth weak, very fine,

short, except centrally on a depressed portion of the base;

dorsal color dark beige, overlaid with numerous broken

black lines and dots; base, teeth, and interstices white,

columella sparsely marked with black lines; terminals

irregularly, brightly daubed with red-orange.

Nariinac Schilder, 1932

fPustulariini) Schilder, 1932

Pustularia Swainson, 1840

Lardner's Encycl., p. 324

Type Species: Cypraea cicercula Linnaeus, 1758
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Figure 8 a Figure 8 b

Arabica eglantina couturieri

(Vayssiere, 1905) X I

Figure 1 o a Figure 1 o b

Arabica scurra indica (Gmelin, 1791

x I*

Figure 9 a Figure 9 b

Arabica arabica arabica (Linnaeus, 1758) x 1

Figure 1 1 a Figure 1 1

b

Ta'paria talpa talpa (Linnaeus, 1758) x 1

Figure 1 2 a Figure 1 2 b

Lyncina lynx vanelli (Linnaeus, 1758)

Figure 13 a Figure 13 b

Basilitrona isabella rumphii

SCHILDER & SCHILDER, 1 938 X l\





Vol. 8; No. 4 THE VELICER Page 245

(Annepona) Iredale, 1935

Austral. Zool. 8 (2) : 114

Type Species: Pustularia mariae Schilder, 1927

18. Pustularia (Annepona) mariae Schilder, 1927

Arch. Naturgesch. 91 A (10) : 104

(Plate 36; Figures 18a, 18b)

Syn.: Cypraea annulata Gray, 1825 (nom. nud.), Zool.

Journ. 1: 518

Cypraea annulata Gray, 1828, Zool. Journ. 4: 88

Localities: 5, 69, 70, 78, 79, 93, 94, 104, 114, 117, 118.

Hidalgo (1904) Cypraea annulata: Filipinas (Kiener).

Faustino (1928) Cypraea annulata: Philippines.

Schilder (1965) Annepona mariae: Palawan, Philip-

pines.

(5) r L W H Lip Col

Largest shell

:

17.3 11.3 10.4 39 28

Smallest shell: 13.1 9.3 8.6 38 25

Gray's name Cypraea annulata for this species was
invalid due to prior use of the name for a variety of Mon-
etaria annulus (Linnaeus, 1758). Annepona mariae, a

new name proposed by Schilder (1927), is one of the

rarest Philippine cowries, with very little known of its

living habits and general distribution.

Elsewhere it ranges into the Cook Islands, Anaa Island

in the Tuamoto Group, Tahiti, Hawaii, Guam, Wake Is-

land, Ryukyu Islands, and Japan. Few live-collected

shells are ever taken, most specimens in collections are

usually dead-collected, subfossil, or even beach-rolled.

Annepona mariae is a relatively small shell, globular,

beige-white in color, profusely marked with very light

brown spots whose outer encircling edge is a thin, darker

brown line. The teeth are small, extremely short, and

numerous.

(Pustularia) Swainson, 1840

Lardner's Encycl.. p. 324

Type Species: Cypraea cicercula Linnaeus, 1758

19. Pustularia (Pustularia) cicercula cicercula

(Linnaeus, 1758)

Systema Naturae, ed. 10: 725

(Plate 36; Figures 19a, 19b)

Localities: 54, 69, 70, 78, 79, 104, 107, 114, 117, 118, 123,

124, 130, 145.

Hidalgo (1904) Cypraea cicercula: 2a, 22 (Elera), 55,

78, 99 b, 107, 158.

Faustino (1928) Cypraea cicercula: 1, 78, 99.

Schilder (1965) Pustularia cicercula: Philippines.

(32) uc L W H Lip Col

Largest shell

:

20.5 12.5 11.4 34 25

Smallest shell: 16.6 10.1 9.5 29 19

The dorsum in this species is peculiarly elevated, its

surface completely granulose; shell umbilicate with a

brown spot in the depression ; teeth well defined on either

lip, extending to the margin and reaching from one ter-

minal opening to the other. The major shell color is

light cream, almost off-white; there is a faint dorsal

mantle-groove; minutely, very faintly though thickly

flecked with light brown. There are no large brown marks

at each quarter of the base as seen in Pustularia bistri-

notata mediocris Schilder & Schilder, 1938 and P.

globulus globulus (Linnaeus, 1758).

20. Pustularia (Pustularia) bistrinotata mediocris

Schilder & Schilder, 1938

Proc. Malacol. Soc. London 23 (3) : 126

(Plate 37; Figures 20a, 20b)

Localities: 48, 52, 54, 69, 70, 78, 79, 93, 94, 104, 107. 108,

114, 117, 118, 130, 145.

Schilder (1965) Pustularia bistrinotata: Philippines.

(19) uc L W H Lip Col

Largest shell

:

21.4 13.0 11.9 36 25

Smallest shell: 14.2 8.6 7.8 26 18

Early authors often mistook this species for Pustularia

c. cicercula (Linnaeus, 1758), from which it differs by

the limited number of faint, widely separated granules

that appear along the lateral surface of the shell; the

upper half of the dorsum is smooth and glossy. It also

differs by its obviously darker chestnut-brown coloring,

and the four distinct brown spots at each quarter of the

base, a specific character lacking in P. c. cicercula. This

shell is weakly umbilicate; there may be a very weak
brown spot in the umbilicus or none at all. The mollusk is

found intertidally in and under coral and under rocks.

The living range of Pustularia bistrinotata mediocris

is not as extensive as that of P. c. cicercula, extending
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only as far westward into the Indian Ocean as Timor and
Cocos Keeling Island. However, it seems to be distributed

generally throughout the Central Pacific Ocean, specimens

having been collected from the north Queensland coast;

Namoluk Atoll, Caroline Islands; Jaluit Atoll, Marshall

Islands; East Samoa; the Gilbert Islands; New Caledonia;

Guam
;
Ryukyu Islands ; and Japan. A comparable species

from Hawaiian waters is presently being studied by Dr.

Alison Kay in Honolulu.

21. Pustularia (Pustularia) globulus globulus

(Linnaeus, 1758)

Systema Naturae, ed. 10: 725

(Plate 37; Figures 21a, 21b)

Localities: 45, 46, 54, 69, 70, 104, 107, 108, 109, 114, 117,

118, 119, 120, 121, 130, 139, 142, 145.

Hidalgo (1904) Cypraea globulus: 26 (Besser), 78, 85

(Elera), 107, 110 a, 118.

Faustino (1928) Cypraea globulus: 26, 107.

Schilder (1965) Pustularia globulus: Philippines.

(17) uc L W H Lip Col

Largest shell

:

20.4 12.8 11.6 34 22

Smallest shell

:

15.1 9.1 7.8 33 23

Although Pustularia cicercula cicercula, P. bistrinotata

mediocris, and P. globulus globulus are somewhat similar

in general appearance and form, they are readily separ-

able from one another. Pustularia g. globulus differs from

the others in having a darker chestnut-brown coloring, a

complete lack of any granular dorsal surface, an almost

total lack of umbilication, with no brown spot therein.

Like P. bistrinotata mediocris the species does have the

brown spot at each quarter of the base, but of a much
deeper intensity.

This species' living range extends as far west as Elat,

Israel, in the Red Sea to Mombasa on the East African

coast; Mauritius; Seychelles; Western Australia; Ceylon;

generally throughout the Micronesian Group; Canton Is-

land of the Phoenix Group; Ryukyu Islands; and Japan.

(Ipsa) Jousseaume, 1884

Naturaliste 1884: 415

Type Species: Cypraea childreni Gray, 1825

22. Pustularia (Ipsa) childreni childreni (Gray, 1825)

Zool. Journ. 1: 518

(Plate 37; Figures 22 a, 22 b)

Localities: 69, 70, 114, 117 ,118, 148.

Hidalgo (1904) Cypraea childreni: Filipinas (Melvill).

Faustino (1928) Cypraea childreni: Philippines.

Schilder (1965) Ipsa childreni: Palawan, Philippines.

(7) r L W H Lip Col

Largest shell

:

24.0 15.1 12.1 37 26

Smallest shell

:

23.8 17.4 13.6 35 23

This is one of the rarest species living in Philippine

waters. Like Annepona mariae Schilder, 1927, it is

seldom collected alive. Dead, subfossil, beach shells, or

those from trawl and dredge hauls, for the most part give

the only indication of its living areas. Pustularia childreni

childreni seems to be uniformly scarce throughout its

entire living range, with, perhaps, the possible exception

of the Fiji Islands. The striking appearance of the shell

makes it easy to identify. Very little seems to be known
about it or its living habits.

The specimens used in this study were collected variously

at Mauke, Cook Islands; Canton Island, Phoenix Group;

Honolulu Harbor, Hawaii ; Buckner Bay, Okinawa. Ryu-

kyu Islands; Ashima, Japan; and Guam.

(Nariini) Schilder, 1932

Monetaria Troschel, 1863

Das Gebiss der Schnecken 1: 205

Type Species: Cypraea moneta Linnaeus, 1758

(Ornamentaria) Schilder &

Schilder, 1936

Proc. Zool. Soc. London 1936: 1120

Type Species: Cypraea annulus Linnaeus, 1758

23. Monetaria (Ornamentaria) annulus annulus

(Linnaeus, 1758)

Systema Naturae, ed. 10: 723

(Plate 37; Figures 23 a, 23 b)

Syn.: Monetaria harmandiana Rochebrune, 1884; Bull.

Soc. Malacol. France 1: 90; pit. 2, fig. 5.

Localities: 9, 25, 26, 28, 33, 37, 43, 54, 69, 70, 88, 89, 90,

102, 104, 107, 108, 109, 114, 117, 118, 124, 145, 158, 159.
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Figure 14 a Figure 14 b

Lyncina ventriculus (Lamarck, 1810) x 1

Figure 16 a Figure 16 b

Lyncina c. cameola (Linnaeus, 1758) x 1

Figure 18 a Figure 18 b

Annepona mariae Schilder, 1927 x 3^

v I

Figure 1 5 a Figure 1 5 b

Lyncina porteri Cate, 1966 x i\

• J

Figure 1 7 a Figure 1 7 b

Lyncina v. vitellus (Linnaeus, 1758) x 1

Figure 19 a Figure 19 b

Pustularia c. cicercula (Linnaeus, 1758) x 2
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Hidalgo (1904) Cypraea annulus: 2 a, 6, 10a, 27, 29a,

36 a, 49 b, 51, 55, 61a, 77 a, 78, 85 (Elera), 105, 107,

111a, 112, 118, 158, 162 (Elera).

Faustino (1928) Cypraea annulus: 1, 78, 99.

Schilder (1965) Monetaria annulus: Philippines.

(31) c L W H Lip Col

Largest shell

:

26.2 17.6 13.2 13 11

Smallest shell: 11.4 7.8 6.0 11 9

The species is widely distributed throughout the islands.

Manila Bay has produced some of the smallest adult

specimens I have ever seen, the dimensions recorded

above being an example.

Shell compact, solid, ovate, margins thickened; base

concave ; shell color light beige on top except for a darker,

smoky appearing central area; the latter ringed with an

orange-red line; base and teeth a lighter shade of the

upper coloring.

(Monetaria) Troschel, 1863

Das Gebiss der Schnecken 1: 205

Type Species: Cypraea moneta Linnaeus, 1758

24. Monetaria (Monetaria) moneta rhomboides

Schilder & Schilder, 1938

Zool. Meded. Leiden 16: 163

(Plate 37; Figures 24a, 24b)

Localities: 23, 26, 28, 43, 46, 54, 64, 65, 69, 70, 85, 86, 90,

91, 100, 101, 104, 104 c, 107, 108, 109, 1 14, 1 17, 1 18, 130,

145, 148, 156, 159.

Hidalgo (1904) Cypraea moneta: 2a, 10a, 51, 55, 66,

(68, 78 Elera, 1896), 107, 112, 158.

Faustino (1928) Cypraea moneta: 1,99.

Schilder (1965) Monetaria moneta: Philippines.

(24) c L W H Lip Col

Largest shell: 34.8 23.5 17.3 14 12

Smallest shell: 16.4 10.3 8.0 12 10

This species is, perhaps, along with the preceding

species, one of the best known representatives of the

Cypraeidae. For many years it was used as currency in

some parts of Africa. Because of this economic aspect great

quantities were collected and shipped from the Philip-

pines and elsewhere in the Indo-Pacific, where the shell

occurs most abundantly.

The shell, as the subspecific name implies, is generally

rhomboid and flattened ; dorsal and ventral surfaces vary-

ing from tuberculate to smooth
;
margins very thick, round-

ed; teeth short and strong; color varying from almost

white or pale green to a deep yellow, often with a darker

dorsal shading; narrow transverse bands may also be

present.

Nana Broderip, 1837

Knight, Penny Cyclopaedia 8: 256

Type Species: Cypraea irrorata Gray, 1828

25. Naria irrorata (Gray, 1828)

Zool. Journ. 4: 80 (Solander MS)

(Plate 37; Figures 25 a, 25 b)

Locality: 51.

(2) r L W H Lip Col

Largest shell: 12.8 7.3 6.5 19 19

Smallest shell

:

11.9 6.5 5.0 20 18

Both shells examined have been live-collected, one sub-

adult. Since this may be the first Philippine record for

this species, it must be considered rare pending further

discoveries. Both specimens were collected at Boac, Marin-

duque Island; they were removed from coral in water

two to five fathoms deep, at low tide (collected by Mr.

Pedro de Mesa, Manila, on the Norton Expedition, May
1962). Schilder (1938) records Naria irrorata from

"Polynesia: Henderson Island to Marshall Islands and

Melanesia.'' I have several live-collected specimens from

Mauke, Cook Islands, obtained by Mr. R. J. Dashwood.

Erosaria Troschel, 1863

Das Gebiss der Schnecken 1: 205

Type Species: Cypraea erosa Linnaeus, 1758

(Paulonaria) Iredale, 1930

Mem. Queensld. Mus. 10 (1): 83

Type Species: Cypraea beckii Gaskoin, 1836

26. Erosaria (Paulonaria) beckii beckii (Gaskoin, 1836)

Proc. Zool. Soc. London 3: 203

(Plate 38; Figures 26a, 26b)

Localities: 5, 48, 69, 70, 93, 94, 114, 117, 118.

Schilder (1965) Paulonaria beckii: Palawan, Philip-

pine Islands.
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(10) r L W H Lip Col

Largest shell

:

11.0 6.4 5.5 21 19

Smallest shell

:

8.8 5.0 4.5 22 18

A larger, less rare race of Paulonaria beckii lives in an
apparently isolated far western Red Sea area ; Paulonaria

beckii macandrewi (Sowerby, 1870) is best known from
the Bay of Aqaba, Elat, Israel. The Philippine shells are

comparatively much smaller, and are only occasionally

collected alive. The shell color is cafe-au-lait, with a

dorsal surface generously covered with small white spots,

many of which are ocellated with chestnut-brown centers,

distinguishing this shell, and assisting in the identification

of this species.

(Ravitrona) Iredale, 1930

Mem. Queensld. Mus. 10 (1

)

: 82

Type Species: Cypraea caputserpentis Linnaeus, 1758

27. Erosaria (Ravitrona) labrolineata labrolineata

(Gaskoin, 1849)

Proc. Zool. Soc. London 1849: 97

(Plate 38; Figures 27 a, 27 b)

Syn. : Cypraea flaveola Gray, 1825; Zool. Journ. 1: 502
Localities: 8, 25, 31, 33, 36, 37, 46, 54, 69, 70, 90, 104, 107,

108, 109, 114, 117, 118, 130.

Hidalgo (1904) Cypraea flaveola: Hambulon, cerca de

la isla Mindoro (Adams & Reeve).

Faustino (1928) Cypraea flaveola: 45.

Schilder (1965) Erosaria labrolineata : Philippines.

(80) c L W H Lip Col

Largest shell: 22.2 13.2 10.5 20 15

Smallest shell: 15.0 9.4 7.5 16 12

Great numbers of individuals live in the tidal areas
adjacent to the mouth of Manila Bay.

Shell long, narrow, oblong, grey-green on top, speckled
with numerous, small light-grey spots; off-white to light

beige underneath; terminals light beige at either end,
sharply contrasting with dorsal tint; right margin sharply
angled, shouldered, pitted, and irregularly splashed along
both margins with bright red-brown. Prior to Gaskoin's
description of this species, evidently little was known
about it.

28. Erosaria (Ravitrona) gangranosa gangranosa

(Dillwyn, 1817)

Descr. Catal. Recent Shells 1: 465 (Solander MS)

(Plate 38; Figures 28a, 28b)

Localities: 107, 108, 158, 159.

Hidalgo (1904) Cypraea gangrenosa [sic]: 45, 51, 78,

83c, 99a, 99d, 105, 107, 136, 157 (Rita Island) 158,

162, 163.

Faustino (1928) Cypraea gangrenosa Solander [sic]:

45, 78, 99.

Schilder (1965) Erosaria gangranosa: Philippines.

(5) r L W H Lip Col

Largest shell

:

16.8 10.2 7.8 18 15

Smallest shell

:

12.8 7.9 6.3 17 15

The living range of this species apparently terminates

in the northern reaches of the Sulu Sea and southern

Palawan. It is essentially an Indian Ocean form although

there are collecting records from New Guinea and north-

ern Celebes. Like many other Cypraeids, this species has

had a confused taxonomic history. At one time Ravitrona

gangranosa gangranosa and R. boivinii (Kiener, 1843)

were regarded as variations of one another. Reeve (1846)

appears not to have been aware of Kiener's having sepa-

rated the latter as a clearly distinct species. Ravitrona

g. gangranosa is as yet not well known in the Philippine

fauna; further field work will be necessary to learn more

about the Sulu Sea range of this species.

29. Erosaria (Ravitrona) boivinii (Kiener, 1843)

Icon. Coq., Cypraea, p. 66, pit. 18

(Plate 38; Figures 29 a, 29b)

Syn. : Cypraea gangranosa Dillwyn, var. amoena Schil-

der, 1927; The Nautilus 40: 128

Localities: 8, 36, 38, 46, 54, 69, 70, 87, 90, 104, 104c, 107,

103, 109, 114, 117, 118, 121, 130, 135.

Hidalgo (1904) Cypraea boivini [sic] Kiener "=Cyp-
raca listeri, var. segun mi parecer; los autores la consid-

eran como variedad de la Cypraea gangrenosa."

Schilder ( 1 965 ) Erosaria boivini [sic] : Philippines.

(70) c L W H Lip Col

Largest shell

:

33.3 18.9 15.2 24 22

Smallest shell: 17.5 11.1 8.6 17 13
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Figure 20 a Figure 20 b

Pustularia bistrinotata mediocris

SCHILDER & SCHILDER, I 938 X 2

Figure 22 a Figure 22 b

Ipsa childreni childreni

(Gray, 1825) x i£

Figure 24 a Figure 24 b

Monetaria moneta rhomboides

SCHILDER & SCHILDER, I 938 X I

J

Figure 21 a Figure 21 b

Pustularia globulus globulus

(Linnaeus, 1758) x 2\

to
Figure 23 a Figure 23 b

Ornamentaria annulus annulus

(Linnaeus, 1758) x i£

Figure 25 a Figure 25 b

Naria irrorata

(Gray, 1828) x 3^
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The species lives throughout the Philippine area. Because

it is so common here it might be expected to appear

almost anywhere in the Indo-Pacific area. However, it

seems to live within a relatively narrow range, restricted

to the Asian coast from Japan to Timor, with the Philip-

pines possessing the greater population densities.

Shell usually large, ovate; base, teeth, interstices white;

dorsum light grey, spotted with white and pale lavender;

margins solid, calloused, angled and pitted on the right

side ; a thin brown mantle line, sometimes channelled with

parallel lines, terminates at the rear of each terminal in

a brown yoke curving over the shell to either side.

30. Erosaria (Ravitrona) helvola helvola

(Linnaeus, 1758)

Systema Naturae, ed. 10: 724

(Plate 38; Figures 30a, 30b)

Localities: 8, 31, 36, 69, 70, 78, 79, 87, 104, 104c, 107, 108,

109, 114, 117, 118.

Hidalgo (1904) Cypraea helvola: 10a, 42a, 45, 68, 78

(Elera), 104 b, 107, 112, 158, 164.

Faustino (1928) Cypraea helvola: 1, 78, 99.

Schilder (1965) Erosaria helvola: Philippines.

(37) c L W H Lip Col

Largest shell

:

25.0 15.9 12.0 17 16

Smallest shell: 18.7 12.5 9.6 16 11

Many specimens from various localities have been ex-

amined. It is a common species, more so in some localities

than in others, and is fairly evenly distributed throughout

brown except for the central dorsal area, which has a solid

pattern of light grey spots superimposed upon a darker

grey background; scattered over both are infrequent large

brown spots. The terminal openings at either end of the

shell are pale lavender.

31. Erosaria (Ravitrona) caputserpentis reticulum

(Gmelin, 1791)

Systema Naturae, ed. 13: 3407

(Plate 38; Figures 31a, 31b)

Localities: 6, 22, 25, 26, 32, 33, 35, 37, 56, 57, 64, 65, 69,

70, 102, 104 c, 114, 117, 118, 130, 145.

Hidalgo (1904) Cypraea caputserpentis: 27, 29a, 51a,

55, 71a, 77 a, 78 (Elera)
,
82, 85 ( Elera ) , 99 c, 107, 112,

158.

Faustino (1928) Cypraea caputserpentis: 1,82,99.

Schilder (1965) Erosaria caputserpentis: Philippines.

(25±) c L W H Lip Col

Largest shell

:

31.2 23.9 15.1 15 13

Smallest shell

:

25.9 20.5 13.4 17 14

Many shells of this species have been examined. It is

common, surviving in nearly every kind of habitat, al-

though seeming to prefer coral and coral reef areas.

Shell ovate, comparatively flat; a wide dark band of

brown encircling at least half of the exposed dorsum; top

central area light grey, mottled with brown; the base is

a merging of white, beige, and very pale pink; sides of

shell above lateral margins often broadly concave.

(Erosaria) Troschel, 1863

Das Gebiss der Schnecken 1: 205

Type Species: Cypraea erosa Linnaeus, 1758

32. Erosaria (Erosaria) poraria scarabaeus (Bory, 1827)

Encycl. Meth. 3: 164; Atlas (Valenciennes MS)

(Plate 39; Figures 32 a, 32b)

Localities: 15, 36, 69, 70, 74, 74 a, 78, 79, 114, 117, 118,

145.

Hidalgo (1904) Cypraea poraria: 22 (Elera), 104b, 107,

139.

Faustino (1928) Cypraea poraria: 1, 99.

Schilder (1965) Erosaria poraria: Palawan, Philippines.

(28) rc L W H Lip Col

Largest shell: 17.2 12.8 9.5 17 14

Smallest shell

:

13.3 9.2 7.2 14 13

The shells of this species in this geographical range seem

to be shorter and wider than those from most other

localities. The dorsal coloring is light brown laid down
over dark grey, white spots ocellated with darker brown,

a few without the darker outline, generously covering the

entire upper surface of the shell; base and margins vivid

lavender; teeth and interstices white; margins thickened,

the right angled and thicker and pitted. In color, marking

and general appearance there is a suggestion of the

Panamic Ravitrona albuginosa (Gray, 1825) in this

species.
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33. Erosaria (Erosaria) erosa phagedaina

(Melvill, 1888)

Mem. Manchest. Lit. Soc. 4 (1): 223 ;
fig. 1

1

(Plate 39; Figures 33 a, 33b)

Localities: 4, 5, 6, 7, 9, 10, 11, 24, 25, 26, 28, 29, 32, 34,

36, 37, 39, 40, 41, 43, 55, 60, 66, 67, 69, 70, 78, 79, 104,

104c, 107, 108, 109, 114, 117, 118, 127, 130, 131, 132,

133, 134, 135, 145, 146, 147, 148, 150, 153, 154.

Hidalgo (1904) Cypraea erosa: 2, 26, 48a, 50, 55, 76a,

78, 99 d, 105, 107, 111a, 112a, 126.

Faustino (1928) Cypraea erosa: 1, 78, 99.

Schilder (1965) Erosaria erosa: Philippines.

(37) c L W H Lip Col

Largest shell

:

45.5 30.0 21.6 19. 14

Smallest shell: 30.0 18.9 14.5 20 12

The species is widespread in its distribution and com-
mon at many collecting areas.

Shell ovate-elongate, sides thickened, margins reflected,

pitted and crenated ; teeth large, strong, short on columel-

lar side
;
long, usually extending over the lip to the edge on

the labial side. Dorsum very dark green-grey, eventually

fading to light greenish-beige; upper surface thickly

sprinkled with a mixture of white spots and nearly indis-

tinct brown ones; margins, base, and teeth off-white, with

a large, squarish, dark brown band bisecting the margins.

This characteristic mark is, perhaps, the most notable

feature used in identifying the species.

34. Erosaria (Erosaria) miliaris miliaris (Gmelin, 1791)

Systema Naturae, ed. 13: 3420

(Plate 39; Figures 34a, 34b)

Syn. : Cypraea inocellata Gray, 1828; Zool Journ. 1: 504

Localities: 5, 8, 25, 26, 31, 33, 36, 37. 39, 41, 64, 65, 75,

76, 77.

Hidalgo (1904) Cypraea miliaris: 38, 41, 45 (Elera), 51,

68, 78, 85, 107.

Faustino (1928) Cypraea miliaris: 1, 78, 99.

Schilder (1965) Erosaria miliaris: Philippines.

(18) c L W H Lip Col

Largest shell: 39.8 25.3 19.8 20 14

Smallest shell

:

19.8 13.0 9.8 15 10

I have examined a great number of these shells and

have compared them with those from other localities;

they seem representative of the typical species.

Shell glossy, solid and pyriform; both terminals well

developed; dorsal coloring may vary from beige-yellow

to greyish-green, covered thickly with small white spots of

different diameter; margins white, calloused, angled and

pitted on the right; base, teeth, and interstices white.

Years ago this species was lumped with the closely

related Erosaria lamarckii (Gray, 1825). While there is

some morphological and color resemblance, the distinc-

tion between them is clear enough.

The shells are collected on rocks and in coral and their

distribution is rather widespread.

Staphylaea Jousseaume, 1884

(Staphylaea) Jousseaume, 1884

Naturaliste 1884: 415

Type Species: Cypraea staphylaea Linnaeus, 1758

35. Staphylaea (Staphylaea) staphylaea staphylaea

(Linnaeus, 1758)

Systema Naturae, ed. 10: 725

(Plate 39; Figures 35 a, 35b)

Localities: 54, 69, 70, 104, 107, 114, 117, 118, 145.

Hidalgo (1904) Cypraea staphylaea: 22 (Elera), 50,

78, 83 c, 105, 107.

Faustino (1928) Cypraea staphylaea: 1,78,99.

Schilder (1965) Staphylaea staphylaea: Philippines.

(70) c L W H Lip Col

Largest shell

:

23.5 13.2 11.1 22 19

Smallest shell : 13.3 8.0 7.0 20 18

It is a common species here, being collected generally

throughout the Philippine Islands, perhaps being found

most commonly among the Sulu-Celebes Sea Islands. For

many years this species and Staphylaea limacina limacina

(Lamarck, 1810) were confused with one another and

many early authors (such as Reeve, 1845, sp. 82, figs. 82a,

82b) either lumped them together or ignored the alter-

nate. These two species are completely distinct and should

pose no problem in identification. Staphylaea s. staphylaea

is nearly always a smaller shell, has very small light grey

pustules heavily concentrated upon a darker grey dorsal

background ; the mantle line in this species is more prom-

inent, the smaller, finer, longer, brown-edged teeth extend

completely out from both lips to the shell margins where

the base and sides join. The teeth, reaching to the outer

edge of the base, furnish a very obvious identifying char-

acter for this species.
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Figure 26 a Figure 26 b

Paulonaria beckii beckii

(GaskoiNj 1836) x 3^

Figure 28 a Figure 28 b

Ravitrona gangranosa gangranosa

(Dillwvn, 181 7) x2\

Figure 30 a Figure 30 b

Ravitrona helvola helvola

(Linnaeus, 1758) x i£

• .- •*
i

Figure 27 a Figure 27 b

Ravitrona labrolineata labrolineata

(Gaskoin, 1849) x 1

Figure 29 a Figure 29 b

Ravitrona boivinii

(Kiener, 1843) x 2

Figure 3 1 a Figure 3 1 b

Ravitrona caputserpentis reticulum

(Gmelin, 1 791 ) x i£
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36. Staphylaea (Staphylaea) limacina limacina

(Lamarck, 1810)

Ann. Mus. Hist. Nat. Paris 15: 101

(Plate 39; Figures 36 a, 36 b)

Localities: 9, 23, 31, 65, 69, 70, 81, 90, 108, 109, 114,

117, 118, 125, 130, 135.

Hidalgo (1904) Cypraea limacina: 58, 78, 83b (Elera),

83 c, 105, 107, 112.

Faustino (1928) Cypraea limacina: 58, 78, 99.

Schilder (1965) Staphylaea limacina : Philippines.

(85) c L W H Lip Col

Largest shell: 32.0 17.3 14.4 24 23
Smallest shell

:

23.8 19.3 11.4 23 21

The shells of this species are generally significantly

larger than those of Staphylaea s. staphylaea. It is easy to

identify because of its greater length, breadth, and height;

it is usually without any dorsal pustules. The smooth,

glossy white base, a feature entirely lacking in S. s. staphy-

laea, may vary somewhat in breadth on the base, being

broken only by large, bold, comparatively heavy columel-

lar teeth, longer at each end - more so to the rear - and

nearly absent in the middle-columellar area, almost never

reaching the shell's outer margins. The presence of the

white base and the short, larger teeth are the distin-

guishing features for this species.

(Nuclearia) Jousseaume, 1884

Bull. Soc. Zool. France 9: 98

(Naturaliste 1884: 415, nom. nud.)

Type Species: Cypraea nucleus Linnaeus, 1758

37. Staphylaea (Nuclearia) nucleus nucleus

(Linnaeus, 1758)

Systema Naturae, ed. 10: 724

(Plate 39; Figures 37 a, 37 b)

Localities: 8, 45, 46, 47, 69, 70, 104, 104 c, 107, 108. 109,

114, 117, 118, 130.

Hidalgo (1904) Cypraea nucleus: 22, 45 (Elera), 51a,

55, 66, (68, 85 Elera), 78, 83c, 105, 107, 108, 112.

Faustino (1928) Cypraea nucleus: 1, 78, 99

Schilder (1965) Nuclearia nucleus: Philippines.

The species in Philippine waters differs from the Hawai-

ian Nuclearia granulata (Pease, 1862) by the smaller,

narrower, more pyriform, more humped shape, and more

(50) rc L W H Lip Col

Largest shell

:

24.0 14.0 11.3 24 18

Smallest shell

:

19.7 12.2 10.2 26 15

deeply grooved sulcus; color beige-white rather than faded

brick-red. Elsewhere in the Indo-Pacific area N. nucleus

is recorded from New Caledonia, Hawaii, and Japan.

Shells in this study were compared with those from

Madang, New Guinea; Namoluk Atoll; Canton Island,

Phoenix Group; and Okinawa, Ryukyu Islands. There

seemed to be no significant difference in their size or

morphology.

(Erroneini) Schilder, 1932

Erronea Troschel, 1863

Das Gebiss der Schnecken 1: 205

Type Species: Cypraea errones Linnaeus, 1758

(Adusta) Jousseaume, 1884

Naturaliste 1884: 414

Type Species: Cypraea adusta Lamarck, 1810= Cypraea

onyx Linnaeus, 1758

38. .Erronea (Adusta) onyx onyx (Linnaeus, 1758)

Systema Naturae, ed. 10: 722

(Plate 40; Figures 38a, 38b)

Localities: 26, 36, 39, 43, 80, 93, 94, 107, 108, 109, 111,

114, 117, 118, 125.

Hidalgo (1904) Cypraea onyx: 26(Besser), 50, 74b,

83 b, 105, 107, 111a, 112a.

Faustino (1928) Cypraea onyx: 1,99.

Schilder (1965) Adusta onyx: Philippines.

(27) c L W H Lip Col

Largest shell

:

42.3 26.3 21.5 19 16

Smallest shell

:

30.7 20.2 16.3 18 16

Shell ovately pyriform, inflatedly-humped toward the

rear, umbilicate; aperture noticeably wide; grey-white

dorsal coloring divided by irregularly parallel mande
lines, thus exposing very wide transverse brown color-

bands upon a lighter background
;

sides, margins, base,

teeth, and interstices dark brown; interior of shell is

off-white.
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(Gratiadusta) Iredale, 1930

Mem. Queensld. Mus. 10 (1) : 82

Type Species: Cypraea pyriformis Gray, 1824

39. Erronea (Gratiadusta) pyriformis (Gray, 1824)

Zool. Journ. 1: 371

(Plate 40; Figures 39a, 39b)

Syn.
: Cypraea smithi Sowerby, 1881, Proc. Zool. Soc.

London 1881: 638; pit. 56, fig. 8

Localities: 26, 27, 41, 47, 74, 75, 76, 77, 160, 161.

Schilder (1965) Gratiadusta pyriformis: Philippines.

(11) uc L W H Lip Col

Largest shell: 31.2 17.7 15.3 16 20
Smallest shell

:

27.5 16.7 13.9 19 22

This species is usually more abundant in the waters of

east and northeast Australia. In appearance it resembles

Erronea pulchella (Swainson, 1823), especially in its

morphology and in the color and arrangement of the

teeth. It differs radically in having the brown teeth finer

and confined to the columella only; it is never as large

a shell as E. pulchella.

Shell pyriform, rather thin, lightweight, umbilicate;

anterior terminal somewhat produced; margins well de-

veloped, rounded; base swollen though depressed abapi-

cally; teeth on columella long, fine, brown, shorter and
with less color in front; interstices light beige; labial teeth

very short, stronger and without color; dorsal coloring

delicate sea-green overlaid on light green ; dorsum freckled

with minute light chestnut-brown specks, under which a

wide transverse interrupted band of darker coloring

crosses from margin to margin; large brown spots mark
either margin, both sides of anterior opening, and in the

umbilicus; base light beige.

40. Erronta (Gratiadusta) pulchella pulchella

(Swainson, 1823)

Tilloch's Phil. Mag. 61: 376

(Plate 40; Figures 40a, 40b)

Localities: 41, 74, 75, 76, 77, 148.

Schilder (1965) Gratiadusta pulchella: Palawan, Phil-

ippine Islands.

This species is trawled from deep water, sometimes

brought up in the same dredge-haul as shells of the pre-

ceding species, Gratiadusta pyriformis (Gray, 1824).

(7) r L W H Lip Col

Largest shell

:

37.4 20.9 17.7 29 26

Smallest shell

:

31.7 19.1 16.3 20 19

Shell beige-grey, lightweight, pyriform, front terminal

collar somewhat beaked
;
teeth, unlike those of Gratiadusta

pyriformis, brown on both lips and covering most of the

base. This species has only relatively recently been dis-

covered in the Philippines, although it has previously been

known to live along the southeast coast of China south

of Hong Kong. Schilder (1937) gave the subspecific

name Adusta pulchella novaebritanniae to a form living

at New Britain, Bismarck Archipelago. Gratiadusta p.

pulchella has also been taken recently by deep water

trawlers off the Taiwan coast.

41. Erronea (Gratiadusta) walkeri surabajensis

(Schilder, 1937)

Ingen. Nederl. Indie 4 (4) : 195

(Plate 40; Figures 41 a, 41 b)

Localities: 36, 71, 87, 104, 107, 108, 109, 114, 117, 118.

Hidalgo (1904) Cypraea walkeri: 85 (Paetel), 99a, 107.

Faustino (1928) Cypraea walkeri: 85,99.

Schilder (1965) Gratiadusta walkeri: Philippines.

(60) c L W H Lip Col

Largest shell

:

38.6 20.6 17.0 29 32

Smallest shell

:

20.4 12.3 9.7 19 21

This race of Erronea walkeri (Sowerby, 1832), al-

though recognized since Schilder (1937) described it,

has been rediscovered only relatively recently. Mr. G. P
Robinson of Zamboanga City, Mindanao, in the early

spring of 1956 sent me specimens from Siasi Island that

had been collected from a sandy bottom in 3 feet of

water. Prior to that date it appears little had been known
of these shells even though faded specimens were to be

seen in some old collections. Since then (1956) many
shells have been collected, and the once rare form is now
regarded as common. These shells are very large as

compared with the neighboring northeast Australian race

E. w. continens (Iredale, 1935).

The Philippine shells are ovate-subpyriform, light-

weight, umbilicate; left margin rounded, thickened, right

margin also thickened, subangulate; aperture straight;

terminal openings wide, blunt; base swollen, rounded;

columellar teeth numerous, very fine except for the larger

first 4 or 5 in front; labial teeth short, less numerous,
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Figure 32 a Figure 32 b

Erosaria poraria scarabaeus

(Bory, 1827) x 2

Figure 33 a Figure 33 b

Erosaria erosa phagedaina

(Melvill, 1888) x
1

J

Figure 34 a Figure 34 b

Erosaria miliaris miliaris

(Gmelin, i 791) XI
Figure 35 a Figure 35 b

Staphylaea staphylaea staphylaea

(Linnaeus, 1758) x 2

Figure 36 a Figure 36 b

Staphylaea limacina limacina

(Lamarck, 1810) x i£

Figure 37 a Figure 37 b

Nuclearia nucleus nucleus

(Linnaeus, 1758) x 2



>
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strong; dorsal color light grey-brown, with a very wide
transverse dark brown band ; terminals ringed with brown,
base light beige-brown, lips and interstices deep lavender,

teeth paler, brown spots marking both margins.

(Erronea) Troschel, 1863

Type Species: Cypraea errones Linnaeus, 1758

42. Erronea (Erronea) errones errones (Linnaeus, 1758)

Systema Naturae, ed. 10: 723

(Plate 40; Figures 42 a, 42 b)

Localities: 2, 6, 8, 20, 23, 24, 25, 28, 33, 34, 37, 38, 43,

45, 54, 69, 70, 74a, 88, 89, 90, 100, 101, 104, 104c, 107,

108, 109, 114,117,118,120,130,131,139,142,158,159.

Hidalgo (1904) Cypraea errones: 28a, 29a, 45, 49a
(Elera), 52a, 81a, 105, 107, 109a, 111a, 112a, 139, 158.

Faustino (1928) Cypraea errones: 1, 78, 99.

Schilder (1965) Erronea errones: Philippines.

(38) c L W H Lip Col

Largest shell: 33.1 17.0 14.3 17 16

Smallest shell: 20.4 11.3 9.4 14 15

Erronea errones errones usually has a large central chest-

nut-brown dorsal spot in fully adult shells; there are,

however, exceptions. Otherwise these shells almost invari-

ably have a dark brown spot on either one side or the

other, or on both sides simultaneously, of the abapical

terminal collar. Also, three wide dark transverse dorsal

color-bands seem to be more prominent in these shells.

The aperture is noticeably wider in front, as well.

Shell generally oblong-ovate, bluish-green-grey, thickly

speckled with pale brown spots; a brown-black apex is also

usually visible; margins, base teeth, and interstices light

beige.

43. Erronea (Erronea) ovum ovum (Gmelin, 1791)

Systema Naturae, ed. 13: 3412

(Plate 40; Figures 43 a, 43 b)

Localities: 8, 9. 28, 34, 45, 46, 100, 101, 130, 139, 142,

148, 150, 151, 158, 159.

Schilder (1965) Erronea ovum : Philippines.

(9) rc L W H Lip Col

Largest shell

:

37.0 19.1 16.1 17 18

Smallest shell: 19.8 12.0 9.9 16 17

This species is fairly common in certain localities. It and

Erronea errones errones have been considered inseparable

by some authors, such as Reeve, 1845. Although Gmelin

( 1791 )
recogized it as distinct it is still frequently confused

with the more common and widely ranging E. e. errones

(Linnaeus, 1758) because of the similar brown dorsal

blotch. In considering E. ovum ovum from widely sepa-

rate localities it would seem that the coastal area of

Madang, New Guinea, more closely approaches a typical

locality for this species, as it is here the shells exhibit all

of the typical morphological and color characteristics of

the species. Erronea ovum chrysostoma Schilder, 1927

is a subspecific name identifying these Moluccan shells.

Even though the mollusk does range further north into

Japan, the species undergoes some morphic and color

change in its southern range. The typical New Guinea

shell is pyriform, though more rounded, is pale sea-snren

on the dorsum, thickly flecked with minute li^ht brown

specks, no other marking on top; base and teeth are

rosy flesh-colored, and the interstices are bright, deep

orange. The Philippine shells, in contrast, are more slen-

derly pyriform, and have a large chestnut-brown blotch on

the dorsum; base and teeth are flesh-colored, with the

interstices pale yellow. The most easily distinguishable

feature to be used in identifying E. o. ovum is the pale

yellow to deep orange color between the teeth on both lip

and columella. Otherwise, in E. e. errones the base, teeth,

and interstices are always beige-white, the shell is more

cylindrical, and the aperture is much broader, especially

anteriorly.

44. Erronea (Erronea) cylindrica cylindrica (Born, 1778)

Index Mus. Caes. Vindob. 1: 169

(Plate 41; Figures 46a, 46b)

Localities: 6, 24, 28, 34, 43, 54, 69, 70, 100, 102, 104, 107,

114, 117, 118, 120, 130, 148.

Hidalgo (1904) Cypraea cylindrica: 2a, 6 (Elera), 50a,

68 (Elera), 78, 83c, 107.

Faustino (1928) Cypraea cylindrica: 1, 78, 99.

Schilder (1965) Erronea cylindrica: Philippines.

(27) rc L W H Lip Col

Largest shell

:

33.6 15.6 13.2 20 21

Smallest shell: 18.5 9.7 7.6 15 18

This species is easily identified; the shell is elongate,

narrow, somewhat cylindrical, elevated abruptly adapi-

cally, sloping sharply to the front; peculiarly umbilicate.

flattened, ridged ; both front and rear terminals somewhat
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flanged and reflexed; aperture long, straight, and dilated

in front; labial teeth large, columellar teeth fine, long,

reaching nearly to left margin; opposite margin thick,

angled, the left side only slightly calloused and rounded.

Dorsum medium to dark grey, finely speckled with pale

brown spots and a large, central dorsal blotch, sometimes

irregularly arranged upon the surface
;
margins, umbilical

area, base, teeth, and interstices off-white, nuclear apex

dark brown; medium sized brown spots mark either side

of front terminal collar, a single brown spot on the right

adapical margin; smaller brown spots loosely mark the

edge of the angle on the right side.

45. Erronea (Erronea) caurica caurica (Linnaeus, 1758)

Systema Naturae, ed. 10: 723

(Plate 41; Figures 44a, 44b)

(Plate 41 ;
Figures 45a, 45b - Variant)

Localities: 4, 7, 8, 23, 28, 31, 32, 39, 41, 46, 65, 69, 70, 78,

79, 90, 107, 108, 109, 114, 117, 118, 130, 139, 142, 143,

145.

Hidalgo (1904) Cypraea caurica: 50, 78, 105, 107, 112a.

Faustino (1928) Cypraea caurica: 50, 78, 99.

Schii.der (1965) Erronea errones: Philippines.

(39) c L W H Lip Col

Largest shell

:

53.5 26.2 21.4 21 20

Smallest shell

:

25.2 13.0 10.5 16 16

Many of these shells have been examined from several

different Philippine localities. They vary from thin and

lightweight to heavy, from long, rounded forms to shorter,

depressed shells with cylindrical, thickened margins. It is

usually, however, a long, lightweight and somewhat um-

bilicate shell. Aperture straight, wide especially anteriorly;

fossula weak ; teeth large and long on the outer lip, very-

fine and long on the columella; dorsum faintly tri-banded,

overlaid with a thick cover of very small, light-brown

flecks of color, a large, weak, chestnut-brown tint of

darker brown marks the top of shell; margins, base, and

teeth beige, interstices medium orange; a few scattered

brown spots on both margins.

(Melicerona) Iredale, 1930

Mem. Queensld. Mus. 10 (1): 83

Type Species: Cypraea listeri Gray, 1824

(
— Cypraea felina Gmelin, 1791)

46. Erronea (Melicerona) felina pauciguttata

(SCHILDER & SCHILDER, 1938)

Proc. Malacol. Soc. London 23 (3) : 161

(Plate 41; Figures 47 a, 47 b)

Localities: 8, 78, 79, 114, 117, 118, 130, 148, 158.

Hidalgo (1904) Cypraea felina: (Elera=C ursellus, p
367).

Faustino (1928) Cypraea listeri: Philippines.

Schilder (1965) Melicerona felina listeri: Philippines.

(14) uc L W H Lip Col

Largest shell

:

17.2 10.9 8.4 16 13

Smallest shell: 13.1 7.0 5.3 13 12

This species is easily recognized by the conspicuous large

black spots evenly spaced on either side of the terminal

openings, especially on the right margin; more numerous

and less evenly so on the left side. There is a single yellow-

beige mark on top of shell just beyond the front terminal

area.

Shell ovately elongate, somewhat rounded at both ends,

flattened; terminals rather obscure from above; right

margin thickened, left only slightly so; aperture long and

narrow; dorsal color, much darker when newly collected,

basically dark to medium grey, with a single short medium-

wide band of yellow-beige one-third of the distance from

abapical terminal opening to posterior end; very small

light brown flecks thickly sprinkled over all; margins,

apical region, base, teeth, and interstices yellow-beige;

large, conspicuous black spots on either side of both termi-

nals (quadrimaculate) , and along margins.

Notadusta Schilder, 1935

Proc. Malacol. Soc. London 21 (4) : 350

Type Species: Notadusta victoriana Schilder, 1935

47. Notadusta punctata atomaria (Gmelin, 1791)

Systema Naturae, ed. 13: 3412

(Plate 41; Figures 48a, 48b)

Localities: 8, 18, 38, 54, 69, 70, 87, 104, 104 c, 107, 114,

117, 118, 130, 139, 142, 144, 145.

Hidalgo (1904) Cypraea punctata: 26 (Besser), 2 (El-

era), 78, 136.

Faustino (1928) Cypraea punctata : 26, 78.

Schilder (1965) Notadusta punctata: Philippines.



Figure 40 a Figure 40 b Figure 41 a Figure 41 b

Gratiadusta pulchella pulchella Gratiadusta walkeri surahajensis

(SwAINSON, 1823) X I J (SCHILDER, 1 937 ) x *4

Figure 42 a Figure 42 b Figure 43 a Figure 43 b

Erronea errones errones Erronea ovum ovum
(Linnaeus, 1758) x i£ (Gmelin, 1 791 ) x i£

1
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(15) uc L W H Lip Col

Largest shell

:

21.6 11.6 9.7 24 24
Smallest shell

:

9.1 5.1 4.5 19 17

The species is uncommon in the Philippines, as it is in

most other geographical localities. Shells comparatively

large for the species, oblong-ovate, spire concave, almost

umbilicate, covered; right margin thickened, shouldered,

angled; aperture straight; entire shell milk-white, with

entire dorsal surface loosely covered with small, round,

chestnut-brown spots; teeth on outer lip large, widely

spaced, straw-yellow in color; columellar teeth finer, more
numerous, short, appearing to be much longer because

of the long rays of straw-yellow coloring extending from

each denticle at least halfway across base; terminal ridge

has same color, and angles to left.

48. Notadusta martini martini (Schepman, 1907)

Samml. Geol. Reichsmus. 8: 184; pit. 1 1, fig. 4

(Plate 41; Figures 49 a, 49 b)

Localities: 52, 104.

Cate (1963) Cypraea (Notadusta) martini martini: 52.

Clover (1964) Cypraea martini: 104.

Schilder (1965) Notadusta martini: Philippine Islands.

(3) vr L W H Lip Col

Largest shell : 15.6

(Clover Collection)

Smallest shell: 14.0 7.4 6.4 22 27

(Cate Collection no. 1635)

The species is presently very rare, though one might

reasonably expect to find the mollusk at almost any point

between the two localities (52 and 104) mentioned above;

further, the Clover report would seem to indicate a

fairly shallow (15 feet) habitat. See Cate (1963) for a

more detailed report on Notadusta m. martini, and Cate

( 1966) for a full-color photograph of this rare shell.

Palmadusta Iredale, 1930

(Palmadusta) Iredale, 1930

Mem. Queensld. Mus. 10 (1) : 82

Type Species: Cypraea clandestina Linnaeus, 1758

49. Palmadusta (Palmadusta) asellus vespacea

(Melvill, 1905)

Journ. Conchol. 11: 192

(Plate 42; Figures 50 a, 50b)

Localities: 8, 43, 45, 54, 69, 70, 78, 79, 88, 89, 90, 100,

101, 104, 104 c, 107, 108, 109, 114, 117, 118, 130, 135,

145, 158, 159.

Hidalgo (1904) Cypraea asellus: 22, 45, 51a, 78, 99a,

105, 107, 139, 158.

Faustino (1928) Cypraea asellus: 1, 78, 99.

Schilder (1965) Palmadusta asellus: Philippines.

(22) rc L W H Lip Col

Largest shell

:

19.7 12.1 9.1 21 16

Smallest shell

:

10.6 6.0 4.9 17 13

The dorsal color pattern of this species is very striking,

and it is interesting to observe that the brownish-black

bands seem not to be the final deposit of color pigment as

is usually the case; in a series of shells these can be

observed in all growth stages from juvenile to adult.

Shell oblong-ovate, both sides calloused, more so on the

right; aperture straight, narrow; teeth well defined, strong,

longer on the columella adapically; dorsum, base, teeth,

interstices white; three wide, brownish-black, transverse

bands on the dorsal surface.

50. Palmadusta (Palmadusta) clandestina moniliaris

(Lamarck, 1810)

Ann. Mus. Hist. Nat. Paris 16: 98

(Plate 42; Figures 51a, 51b)

Localities: 8, 46, 54, 69, 70, 78, 79, 90, 114, 117, 118, 135,

145, 148.

Hidalgo (1904) Cypraea clandestina: 22(Elera), 67a,

78, 99 e, 158.

Faustino (1928) Cypraea clandestina: 1,78,99.

Schilder (1965) Palmadusta clandestina: Philippines.

(26) rc L W H Lip Col

Largest shell

:

20.7 11.7 10.1 20 18

Smallest shell

:

13.8 8.6 7.0 18 14

According to Gray (1824) very little seems to have

been known about these shells since they were described
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by Linnaeus (1767). As recorded by Dillwyn (1817)

Solander (MS) considered it to be a variety of Palm-

adusta ziczac (Linnaeus, 1758), as figured by Martini

(1769), which is the P. undata of Lamarck (1810 p. 96),

showing a spotted base. Lamarck (1810) described it as

a new species, Cypraea moniliaris, apparently without ob-

serving the straw-colored lines; he did, however, refer to

the exceptional figure by Pettver (1702), in which these

lines are very clear. Dillwyn (1817) identified this

species as a variety of Cypraea asellus Linnaeus, 1758

with which it appears both Linnaeus and Lamarck had
compared it, but from which there are many character-

istic differences, not only in coloring, but in the develop-

ment of the teeth as well. However, Lamarck was actually

working with shells from "l'Ocean Asiatique," which is

geographically far removed from the western Indian

Ocean locality of P. c. clandestina (Linnaeus, 1767).

The Philippine shell is oblong-ovate, apex depressed;

margins thickened, on the right side more so; aperture

narrow, curving; labial teeth short, strong; columellar*

teeth cross the shallow fossula and extend well onto the

base; shell, including base, teeth and interstices, milk-

white, widely tri-banded with faint pale grey-mauve;

many fine, nearly obscure, straw-colored, transverse,

thread-like lines irregularly cross the dorsum.

51. Palmadusta (Palmadusta) saulae saulae

(Gaskoin, 1843)

Proc. Zool. Soc. London 1843: 23

(Plate 42; Figures 52a, 52b)

Syn.: Cypraea saulae siasiensis Cate, 1960; The Veliger

4 (2): 34; pit. 5

Localities: 8, 11, 15, 26, 27, 37, 78, 80, 81, 87, 107, 113

114, 117, 118.

Hidalgo (1904) Cypraea saulae: 11 (Cuming), 78.

Faustino (1928) Cypraea saulae: 26

Schilder (1965) Palmadusta saulae: Palawan, Philip-

pine Islands.

(19) re L W H Lip Col

Largest shell

:

28.7 15.3 12.9 21 20

Smallest shell

:

17.3 9.8 7.7 18 15

This species was once very rare (see Schilder, 1952;

Cate, 1960). However, today it is being collected in new
localities and in increasing numbers, so that it is now fairly

common. It is found in both shallow and deep water (10

to 60 feet ) on rocks and in coral. At a recently discovered

collecting station (Cabcaben, Bataan) these mollusks

were found together with Palmadusta gracilis (Gaskoin,

1849), intermingling freely. When large numbers of shells

of both these species are considered together, it is almost

impossible to distinguish one from the other without

examining the ventral sides; in P. s. saulae the interstices

are orange, while in P. gracilis they are uncolored.

Other obvious characters for separating Palmadusta s.

saulae are the solid color banding on the terminal collars,

rather than maculated as in P. gracilis, and the generally

larger shell. The primary color of the shell is light

grey, with a large irregular brown central dorsal blotch;

each side and margin is thickly spotted with variously

sized brown spots; the terminal openings are burnt-orange.

Prior to 1957 records of this species were vague, but

during the last eight years it has been collected more

frequently and with the new locality records for this

species now known more or less continuously from Manila

Bay as far south as the Tapul Group, it now seems best to

consider Palmadusta saulae siasiensis (Cate, 1960) syn-

onymous with P. s. saulae (Gaskoin). The range for this

species has now been extended to Western Australia (see

Cate, 1964, p. 17) where it is apparently recorded for

the first time.

52. Palmadusta (Palmadusta) contaminata contaminata

(Sowerby, 1832)

Conch. Illustr. (London), fig. 21

(Plate 42; Figures 53 a, 53 b)

(Gray, 1832, p. 1 1 ; Descr. Catal. Shells, proof sheet)

.

Localities: 54, 69, 70, 104, 114, 117, 118.

Hidalgo (1904) Cypraea contaminata: Filipinas (Elera).

Faustino (1928) Cypraea contaminata: Philippines.

Schilder (1965) Palmadusta contaminata: Palawan,

Philippines.

(11) uc L W H Lip Col

Largest shell

:

13.5 8.0 6.6 21 21

Smallest shell

:

9.9 5.5 4.7 20 18

This is another of the Philippine cowries that has long

existed as a rare and otherwise obscure species until 1957,

when Moro collectors on Siasi Island began collecting

shells as a part of their livelihood. It was in the latter part

of 1957 that many islands of the Tapul and Tawi Tawi

Groups began to provide specimen shells for the commer-

cial market.
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Figure 44 a Figure 44 b Figure 45 a Figure 45 b

Erronea caurica caurica Erronea caurica caurica

(Linnaeus, 1758) x 1 (Linnaeus, 1 758) , variant x i\

Figure 48 a Figure 48 b Figure 49 a Figure 49 b

Notadusta punctata atomaria Notadusta martini martini

(GlUELIN, 1 79l) X 2 (SCHEPMAN, I9O7) X 3^
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Shell small, pyriformly-ovate, apex depressed; right

margin calloused, thickened, angled, reflected; both ter-

minals prominently produced ; color pale, light grey except

for outer lip which is lighter off-white ; dorsum very pale

grey-brown, widely segmented, banded, spotted with

minute brown flecks around a large, central chestnut-

brown blotch ; medium brown spots on margins, apex, and

much of lip and base.

53. Palmadusta (Palmadusta) lutea lutea (Gmelin, 1791

)

Systema Naturae, ed. 13: 3414

(Plate 42; Figures 54 a, 54b)

Localities: 8, 39, 45, 48, 54, 69, 70, 78, 80, 87, 104, 104 c,

107, 114, 117, 118, 119, 120, 121, 125, 130, 135, 140.

Hidalgo (1904) Cypraea lutea: 51a, 68 (Elera), 78, 99a.

Faustino (1928) Cypraea lutea: 50, 78, 99.

Schilder (1965) Palmadusta lutea : Philippines.

(21) c L W H Lip Col

Largest shell

:

21.8 11.9 10.0 23 18

Smallest shell: 13.5 7.7 6.5 16 14

Gronovius (1781) was perhaps the first author to

illustrate this very old species and give it a name. However,

because most of his names were not binomial they have

been invalidated in Opinion 89 of the International Com-
mission on Zoological Nomenclature. Gmelin (1791) ap-

pears to have been the first subsequent author to validate

the name.

Shell medium small, pyriformly-ovate; apex depressed;

right margin thickened, narrowly shouldered, semi-

reflexed; terminals weakly produced; dorsal color olive-

beige, loosely sprinkled with small brown specks; two

narrow white parallel bands dividing dorsum into three

nearly equal portions; margins, terminals, base, teeth and

interstices bright burnt-orange; most of base and lip

copiously marked with medium-sized brown spots.

54. Palmadusta (Palmadusta) ziczac ziczac

(Linnaeus, 1758)

Systema Naturae, ed. 10: 722

(Plate 42; Figures 55 a, 55b)

Localities: 6, 69, 70, 78, 79, 85, 86, 88, 89, 90, 91, 104,

104c, 107, 114, 117, 118, 120, 121, 130, 153.

Hidalgo (1904) Cypraea ziczac: 22 (Elera) , 51 a, 78,

99 a, 107.

Faustino (1928) Cypraea ziczac: 1, 78, 99.

Schilder (1965) Palmadusta ziczac: Palawan, Philip-

pine Islands.

(17) c L W H Lip Col

Largest shell

:

21.6 12.8 10.5 22 18

Smallest shell

:

13.4 8.5 6.9 19 16

This is regarded as a common species, especially in the

Siasi Island area. This species is so distinctive it can hardly

be mistaken for any other. Its dorsal pattern of color bands

and wavy lines is unique among cowrie shells. It is further

interesting to note the wide variety of ways in which these

characteristic lines are arranged on the upper shell

surface.

Shell pyriformly ovate; apex depressed; right margin

only perceptibly thickened, vaguely shouldered and re-

flexed; terminals delicately prominent; dorsal color pale

beige-brown, divided by three medium-wide white bands

upon which are more or less evenly spaced, wavy, Z-shaped

lines of the dorsal color; margins, base, teeth, and inter-

stices bright burnt-orange thickly overlaid with medium
sized brown spots; a semi-circle of evenly spaced brown

spots encompassing outer perimeter of the depressed white

apex.

(Purpuradusta) Schilder, 1939

Arch. Molluskenk. 71: 165

Type Species: Cypraea fimbriata Gmelin, 1791

55. Palmadusta (Purpuradusta) gracilis gracilis

(Gaskoin, 1849)

Proc. Zool. Soc. London 1849: 93

(Plate 43; Figures 56a, 56b)

Localities: 8, 15, 31, 33, 36, 43, 45, 46, 74a, 90, 114, 117,

118, 148.

Hidalgo (1904) Cypraea gracilis: 45 (Elera), Especie de

China.

Schilder (1965) Purpuradusta gracilis: Philippines.

(29) c L W H Lip Col

Largest shell

:

19.1 11.6 9.6 16 14

Smallest shell

:

13.6 8.0 6.5 16 17

I have already discussed and compared these shells

under the species heading Palmadusta saulae saulae ( Gas-
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koin, 1843). It is interesting to note that Sowerby
(1870) also referred to the similarity of these two species.

He said, "There is no danger of confounding these two

shells, although somewhat similar in form. In saulae there

is no distinct columellar groove, it is less pyriform than

gracilis, and is marked by a conspicuous dorsal spot." It is

not known from what locality his specimen was collected,

but it should be pointed out here that all of the adult

Philippine P. g. gracilis do have very conspicuous dorsal

spots, the shells from Cabcaben, Bataan, Luzon revealing

a dorsal similarity to P. s. saulae that is very striking

indeed.

Shell pyriformly ovate; apex depressed; right margin

thickened, curving up, the left margin and base only

slightly so; terminals strong and prominent; basic dorsal

color pale blue-grey, thickly covered with fine, light brown

flecks, with a large, darker, irregular central blotch as

well ; terminals, margins, outer lip and teeth light orange-

beige, columellar teeth and base a paler shade; terminals

conspicuously dark brown; margins and part of base and

lip spotted with medium brown spots.

56. Palmadusta (Purpuradusta) hammondae raysummersi

(Schilder, 1960)

Arch. Molluskenk. 89 (4/6) : 190; pit. 15, fig. 5

(Plate 43; Figures 57 a, 57 b)

Localities: 104, 107, 109, 111, 114, 117, 118.

Anonymous (1961a) Purpuradusta raysummersi: Lamin-

usa, Punnungan, Sulu Sea.

Griffiths (1964) Cypraea hammondae: Queensland,

Stradbroke Island. "All raysummersi came from La-

minusa, Siasi, Philippines."

Schilder (1965) Purpuradusta hammondae raysummersi

Palawan, Philippines.

(17) rc L W H Lip Col

Largest shell

:

16.6 9.0 7.7 19 18

Smallest shell: 12.1 6.8 5.5 19 15

The range of this species seems to be restricted to the

islands of the Sulu Sea. Although this form has somewhat

the same appearance as Palmadusta fimbriata marmorata

(Schroter, 1804) it can easily be separated from that

species by the more numerous (usually four) fine inter-

rupted transverse lines. In P. fimbriata marmorata there is

only one band and this is much broader; the shells, too,

are generally much smaller.

Shell oblong-ovate, with faint latitudinal growth lines,

more or less evenly spaced, on dorsal surface of most shells;

apex depressed; right margin thickened ; aperture straight;

shell color off-white to light beige with an overlay of

darker color on top, and numerous though loosely scattered

fine brown spots distributed over surface; margins spar-

sely outlined with larger, very dark spots; four narrow

evenly spaced light-brown interrupted transverse lines

mark dorsum longitudinally from columella to right mar-

gin; medium lavender color blotches on either side of

front terminal opening, only faintly so adapically; apex

brown
;
lip, teeth, and interstices off-white to pale beige.

57. Palmadusta (Purpuradusta) fimbriata marmorata

(Schroter, 1804)

Wiedem. Arch. Zool. 4(1): 14

(Plate 43; Figures 58a, 58b)

Localities: 8, 54, 69, 70, 114, 117, 118, 145, 148, 151.

Hidalgo (1904) Cypraea fimbriata: la, 62, 67b, 78,

101a, 139.

Faustino (1928) Cypraea fimbriata: la, 78, 99.

Schilder (1965) Purpuradusta fimbriata: Palawan, Phil-

ippine Islands.

(19) rc L W H Lip Col

Largest shell

:

13.7 7.4 6.2 19 19

Smallest shell

:

10.9 6.0 5.0 16 15

An interesting aspect in this species is the variation in

size of adult shells from different island localities. Those

from Palawan, as an example, are usually smaller, darker

brown, and the central dorsal band is more solidly colored

and with less pattern than specimens collected farther

north.

Shell oblong-ovate, sometimes nearly cylindrical; apex

depressed; right margin thickened, rounded, shouldered;

aperture narrow, widening anteriorly; dorsal color off-

white, overlaid with numerous fine brown flecks; a wide

darker brown interrupted band of color traverses top of

shell centrally from columella to right margin; dark

lavender stains edge of front terminal opening, rear outer

edge of lip, and always the apex
;
right margin, base, teeth

and interstices off-white.

y

58. Palmadusta (Purpuradusta) microdon microdon

(Gray, 1828)

Zool. Journ. 4: 71

(Plate 43; Figures 59a, 59b)

Localities: 100, 101, 114, 117, 118. 145.

Hidalgo (1904) Cypraea microdon: 64 (Cuming).

Faustino (1928) Cypraea microdon: 64.
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Figure 50 a Figure 50 b Figure 5 1 a Figure 5 1 b

Palmadusta asellus vespacea Palmadusta clandestina moniliaris

(Melvill, 1905) x 2 (Lamarck, 1810) x 2

Figure 54 a Figure 54 b Figure 55 a Figure 55 b

Palmadusta lutea lutea Palmadusta ziczac ziczac

(Gmelin, 1 79 1
) x 2 (Linnaeus, 1758) x2
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Schilder (1965) Purpuradusta microdon: Palawan, Phil-

ippine Islands.

(14) rc L W H Lip Col

Largest shell

:

14.1 8.0 6.5 24 22
Smallest shell

:

12.5 6.7 5.5 22 24

This species is fairly common in the Philippines at

restricted localities. These shells can be identified, usually,

by their narrow, elongate, somewhat pyriform shape and,

secondly, by the distinctive, though pale dorsal markings.

The rear lip portion of the terminal is more beaked and
the base is more bubous than in the two preceding species.

On the dorsal surface this species has three wide color

zones, each of which is outlined with faint brown spots or

dashes of darker color. A few specimens from Laminusa
Island, Siasi, Sulu Sea, are light olive-green in color due
possibly to the effect of some local condition, food, or the

involvement of some pollution in the nacreous deposit of

the shell.

Shell usually narrow, oblong-ovate, right lip moderately

beaked posteriorly, base convexly inflated, apical area flat-

tened, vaguely depressed
;
right margin weakly thickened

;

aperture narrow, curving left somewhat abruptly abapi-

cally; shell color usually pale off-white to very pale light-

beige, dorsally marked with three broad pale brown trans-

verse color zones, each longitudinally outlined with pale,

though darker brown dashes of color; dark lavender on
either side of front terminal opening, only faintly so on the

rear beak of the lip
;
apex brown ; most of base, lip, teeth,

and interstices off-white.

Bistolida Cossmann, 1920

Rev. Crit. Paleozool. 24: 83 (April 1920)

Type Species: Cypraea stolida Linnaeus, 1758

(Blasicrura) Iredale, 1930

Mem. Queensld. Mus. 10 (1) : 84

Type Species: Pallidula rhinoceros (Souverbie, 1865)

59. Bistolida (Blasicrura) quadrimaculata quadrimaculata

(Gray, 1824)

Zool. Journ. 1: 376

(Plate 43; Figures 60 a, 60b)

Localities: 5, 53, 54, 69, 70, 104, 107, 114, 117, 118, 120,

121, 130, 148.

Hidalgo (1904) Cypraea quadrimaculata: 26(Besser),

66, 78, 105.

Faustino (1928) Cypraea quadrimaculata: 26, 78, 99.

Schilder (1965) Blasicrura quadrimaculata: Philippines.

(16) rc L W H Lip Col

Largest shell

:

29.4 14.6 12.1 22 22

Smallest shell

:

16.2 8.4 7.2 16 17

The shells of this species arc easy to identify because of

the characteristic shape of the shell, its greenish-grey

appearance, and the familiar four large brown spots, two

at each end of the shell.

Shell elongately oblong-ovate; terminals prominent,

anteriorly produced and vaguely recurved
;
apex depressed

;

both margins thickened, calloused high on the right side;

base, teeth, and interstices unpolished, dull; dorsal color

grey, zoned with four indistinct darker grey bands,

scattered with numerous light brown flecks; four large

dark brown spots, two at each end of the shell, one on

either side of front terminal collar, one above the right

rear lip protrusion, another on apex; margins, base, teeth,

and interstices dull, off-white in color.

60. Bistolida (Blasicrura) coxeni hesperina

Schilder & Summers, 1963

The Cowry 1 (5) : 68; pit. 5, figs, d, e, and f

(Plate 43; Figures 61a, 61b)

Localities: 108, 109, 111.

(2) r L W H Lip Col

Largest shell

:

18.2 9.8 7.8 17 16

Smallest shell: 14.6 7.5 6.4 14 13

This species, reasonably common at certain localities

in the Moluccas and Melanesia, is rare in the Philippines,

where its present known range is restricted to the coast-

line of Basilan Island, Moro Gulf. There appears to be no

previous record of this species collected in Philippine

waters.

Shell narrow, elongately ovate
;
apex flattened, centrally

concave
;
margins rounded, thick ; dorsal color beige-grey,

overlaid with chestnut-brown spots and irregular smears

of same color; sides, terminals, base, teeth, and interstices

light beige; base, teeth, and interstices without gloss, dull.

61. Bistolida (Blasicrura) dayritiana (Cate, 1963)

The Veliger 5 (4) : 140; pit. 15, figs. 1, 2, 3

(Plate 44; Figures 62 a, 62 b)

Localities: 127, 129, 130, 131. 132, 133, 134, 135.
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Schilder (1965) Blasicrura luchuana dayritiana: Pala-

wan, Philippine Islands.

(35) rc L W H Lip Col

Largest shell

:

18.2 11.6 9.4 16 15

Smallest shell

:

15.2 9.1 7.8 15 14

This species is fairly common, though relatively new to

the Philippine fauna. It was first discovered in 1963 by an
expedition sponsored by Mr. James E. Norton, Manila.

So far as is presently known, it lives more or less restricted-

ly in island waters north of Palawan, more specifically

the Calamian Group. Further search and discovery may
well extend this currently restricted range.

Shell pyriformly ovate, short, broad, narrowing quickly

anteriorly
;
apex depressed

;
margins thickened ; teeth long,

strong, prominent; basic dorsal color grey-blue, zoned in-

distinctly with four narrow bands of darker color, over-

laid with a loose pattern of light brown spots, some
confluent; sides, base, teeth, and interstices light beige,

darker on columella and lip; base, teeth, and interstices

without gloss, dull.

62. Bistolida (Blasicrura) pallidula pallidula

(Gaskoin, 1849)

Proc. Zool. Soc. London 1849: 97

(Plate 44; Figures 63 a, 63b)

Localities: 69, 70, 114, 117, 118, 130, 148, 154, 155, 157,

158, 159.

Hidalgo (1904) Cypraea interrupta: 78.

Faustino ( 1928 1 Cypraea interrupta: 78.

Schii.dfr (1965) Blasicrura pallidula: Philippines.

(25) uc L W H Lip Col

Largest shell

:

23.0 12.4 10.0 21 17

Smallest shell: 15.0 8.0 6.5 17 14

This species is uncommon, although fair numbers of

shells have been collected in certain limited areas. The
species is a distinctive one and is easily separated from

Blasicrura interrupta (Gray, 1824), with which it is often

confused. In B. p. pallidula four fairly wide evenly spaced

discontinuous dark bands traverse the dorsum from margin

io margin upon a light blue background, all overlaid with

numerous brown flecks. In B. interrupta four narrow

brown transverse bands, the adapical of these directed

tf> the right nearly 45°; centrally two fine, narrow,

parallel, interrupted brown lines reach from margin to

margin; two similar, indistinct broken bands on dorsal

area posterior to abapical terminal collar. The two species

appear to be very closely related. Schilder (1932, p.

192) considered the Philippine species a subspecies of B.

interrupta, but later raised it to full species level (1938).

Blasicrura interrupta appears to be restricted to Ceylon,

Western Malaysia, and the Andaman Islands; thus B. p.

pallidula is the northern form, with a clearly significant

geographical separation between the two species. The

dorsal markings and morphological differences in both ap-

pear to be constant.

63. Bistolida (Blasicrura) pallidula summersi

(Schilder, 1958)

Arch. Molluskenk. 87 (1/3): 85

(Plate 44; Figures 65 a, 65 b)

Locality: 114.

(3) r L W H Lip Col

Largest shell

:

18.6 10.4 8.5 19 18

Smallest shell

:

16.7 9.7 7.7 20 17

This species is rare in the Philippine region. Its known

range here is presently restricted to Laminusa Island,

Siasi, Tapul Group. So far as I have been able to deter-

mine this is the first record of the species in Philippine

waters.

Shell oblong-ovate, with a peculiar callus rising above

front terminal collar; margins thickly calloused; apex

depressed; teeth long and strong; dorsal coloring off-white,

almost pale grey, thickly overlaid with light brown flecks;

margins, terminals, base, teeth, and interstices pale beige-

white.

64. Bistolida (Blasicrura) teres teres (Gmelin, 1791)

Systema Naturae, ed. 13: 3405

(Plate 44; Figures 66a, 66b)

Syn. : Cypraea tabescens Dillwyn, 1817

Cypraea latior Melvill, 1888

Cypraea punctulata Hidalgo, 1907

Localities: 54, 64, 65, 69, 70, 78, 79. 84. 85, 86, 104, 107.

Hidalgo (1904) Cypraea tabescens: 22 (Elera). 50a, 78,

83 c, 111a, 139, 158.

Faustino (1928) Cypraea tabescens: 1, 78, 108.

Schilder (1965) Blasicrura teres: Philippines.

This is a fairly common species, not only in the Philip-

pines, but in most localities where it is collected. It is
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Figure 56 a Figure 56 b

Purpuradusta gracilis gracilis

(Gaskoin, 1849) x 2

Figure 58 a Figure 58 b

Purpuradusta fimbriata marmorata

(Schroter, 1804) 3^

Figure 60 a Figure 60 b

Blasicrura quadrimaculata quadrimaculata

(Gray, 1824) x 2

Figure 57 a Figure 57 b

Purpuradusta hammondae raysummersi

(Schilder, i960) x 3

Figure 59 a Figure 59 b

Purpuradusta microdon microdon

(Gray, 1828) x 3£

Figure 61 a Figure 61 b

Blasicrura coxeni hesperina

Schilder & Summers, 1963 x 2
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(20) rc L W H Lip Col

Largest shell

:

33.2 17.7 14.1 26 29

Smallest shell

:

20.6 11.2 8.9 22 23

extremely variable as a species. This morphological varia-

tion has resulted in several new names for the species,

listed here as synonyms. Blasicrura latior (Melvill, 1888)

is here thought to be a variety of B. teres teres since it was

collected living in the same population
(
Kekaha, Kauai,

Hawaii; leg. Ditlev Thaanum, 1939) with other mollusks

of the same species. Under these living conditions it

seems improper to separate them at this time. Schilder

(1965) lists B. latior as a race of Blasicrura rashleighana

(Melvill, 1888).

Shell elongate, cylindrically ovate; apex deeply de-

pressed; terminals prominent; right margin very thickly

calloused, rounded, shouldered; left margin rounded,

scarcely thickened
;
primary dorsal color light grey, thickly

covered with solid light brown color pattern; three inter-

rupted brown bands traverse upper surface of shell from

right margin to columella; loosely placed large brown

spots on right margin, frequently a large, central, chest-

nut-brown blotch on dorsum
;
aperture wide, curving gently

left; lip, teeth and interstices beige-white, base paler,

exposing ends of brown dorsal bands.

(Derstolida) Iredale, 1935

Austral. Zool. 8 (2) : 121

Type Species: Cypraea brevidentata Sowerby, 1870

65. Bistolida (Derstolida) kieneri depriesteri

(Schilder, 1933)

Journ. Conchol. 19: 355

(Plate 44; Figures 67a, 67 b; Text figure 1)

Localities: 54, 69, 70, 114, 117, 118, 130, 148.

Schilder 1 1 965 ) Bistolida kieneri depriesteri : Philippines.

(16) uc L W H Lip Col

Largest shell

:

15.6 8.6 6.8 18 16

Smallest shell

:

9.5 5.5 4.2 14 12

This species is relatively easy to separate from Bistolida

hirundo neglecta (Sowerby, 1837) with which it is often

confused. The important distinguishing character is the

arrangement of the columellar teeth in their relation to

the shell's base. In B. kieneri depriesteri the teeth on the

front half of the base are short and do not extend onto

the base or only perceptibly so (see Text figure 1 ) ;
other-

wise, the shell is usually smaller than that of B. hirundo

neglecta.

i cm

Figure i

Bistolida (Derstolida) kieneri depriesteri (Schilder, 1933)

Shell ovate, flattened; bnth margins calloused, right side

more so; apex depressed; labial teeth well defined, con-

tinuous ; columellar teeth somewhat smaller, extending to

margin, crossing over rear half of base, front half of base

smooth, glossy, teeth barely reaching base; primary shell

color off-white, overlaid dorsally with three large dark

grey-green irregular color zones, each separated from the

other by narrow, uneven bands of pale yellow; a dark

brown spot at either side of front and rear terminal open-

ings; margins sparingly marked with fine brown spots;

two faint interrupted narrow brown bands traverse the

shell from dorsum across base to columella, sometimes

producing a faint brown dorsal mark; base, teeth, and

interstices off-white.

66. Bistolida (Derstolida) hirundo neglecta

(Sowerby, 1837)

Catal. Recent Cypraeid.l: 6 (London)

(Plate 45; Figures 68 a, 68b; Text figure 2)

Localities: 54, 69, 70, 104, 107, 114, 117, 118, 130, 148.

Hidalgo (1904) Cypraea hirundo: 107; Cypraea neg-

lecta: 2 a, 6, 50 a, 78, 105, 112.

Fxustino (1928) Cypraea hirundo: 107; Cypraea neg-

lecta: 1, 78, 99.

Schilder (1965) Bistolida hirundo: Philippines.

As mentioned under the remarks on Bistolida kieneri

depriesteri (Schilder, 1933) that species is often mis-

taken for this one (see Text figure 2).
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(15) uc L W H Lip Col

Largest shell: 19.8 11.2 9.0 22 18

Smallest shell: 15.2 8.6 7.0 19 15

Shell ovate, somewhat humped; apex depressed; right

margin heavily calloused, upswept, sharply shouldered;

both labial and columellar teeth sharply defined, long, in

each case reaching to outer margin full length of base;

Figure 3

Bistolida (Derstolida) hirundo neglecla (Sowerby, 1837)

primary shell color off-white to pale beige, dorsally over-

laid with three large dark grey-green irregularly shaped

color zones, separated by narrow, uneven pale beige bands;

front band (in Philippine shells particularly) often dis-

continuous, having appearance of a figure 7 lying on its

side; fairly large chestnut-brown dorsal blotch usually

present; large dark brown spots on either side of front

and rear terminal openings; sides and part of base loosely,

finely spotted with brown; base, teeth and interstices off-

white.

67. Bistolida (Derstolida) ursellus ursellus (Gmelin, 1791

)

Systema Naturae, ed. 13: 3411

(Plate 45; Figures 69 a, 69b; Text figure 3)

Syn. : Cypraea coffea Sowerby, 1870

Localities: 69, 70, 114 ,117, 118, 130, 139, 142, 148, 149,

154.

Hidalgo (1904) Cyparca ursellus: 2a. 6, 107.

Faustino (1928) Cypaea ursellus: 1, 99.

Schilder r 1 965 ) Bistolida ursellus: Philippines.

Dead, subfossil, and beach specimens are uncommon,

live-collected specimens are rare. Despite the close simi-

(7) r L W H Lip Col

Largest shell

:

14.4 8.5 6.9 21 17

Smallest shell: 12.0 7.0 6.0 19 18

larity between this and the two preceding species, Bisto-

lida ursellus ursellus is very easily identified. In these shells

the shape and arrangement of the dorsal color pattern

is unfailingly constant, in my experience, and distinctive

in appearance (see Text figure 3) ;
also, the shape of the

shell is shorter, broader, more abruptly pyriform.

Figure 3
Bistolida (Derstolida) ursellus ursellus (Gmelin, i 791

)

Shell pyriformly-ovate
;
apex depressed; right margin

calloused, upswept, the left side thickened, rounded; teeth

distinct, long, reaching both sides of shell; primary shell

color pale beige-white, more noticeable on dorsum than in

preceding two species; dorsum marked by three mauve-

colored zones of peculiar design (Text figure 3); sides

loosely flecked with fine brown spots ; broad areas of dorsal

surface, margins, base, teeth, and interstices pale beige-

white.

(Bistolida) Cossmann, 1920

Rev. Crit. Paleozool. 24: 83 (April 1920)

Type Species: Cypraea stolida Linnaeus, 1758

68. Bistolida (Bistolida) stolida stolida (Linnaeus, 1758)

Systema Naturae, ed. 10: 724

(Plate 45; Figures 70a, 70b)

Localities: 46, 49, 69, 70, 107, 108, 109, 111, 114, 117,

118, 130.
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Figure 62 a Figure 62 b Figure 63 a Figure 63 b

Blasicrura dayritiana Blasicrura pallidula pallidula

(Cate, 1963) x 2\ (Gaskoin, 1849) x 2

Figure 66 a Figure 66 b Figure 67 a Figure 67 b

Blasicrura teres teres Derstolida kieneri depriesteri

(GMELIN, 1 79 1 ) X l\ (ScHILDER, IQ33) X 3
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Hidalgo (1904) Cypraea stolida: 22(Elera), 51a, 78,

155 a (Elera).

Faustino (1928) Cypraea stolida: 1, 78, 148.

Schilder (1965) Bistolida stolida: Palawan, Philippines.

(11) uc L W H Lip Col

Largest shell

:

28.3 16.5 13.2 22 18

Smallest shell

:

24.8 15.3 11.9 22 17

Bistolida stolida stolida, uncommon in the Philippines,

otherwise ranges from Japan southward through the

western Pacific, West Australia, and along the east

African coast. However, it seems to occur most plenti-

fully in the vicinity of the Ryukyu Islands, just south of

Japan.

Shell rectangularly ovate, abruptly humped anteriorly

and posteriorly, sharply angled at each crest; dorsum

flattened, sides equally steep; apex depressed; terminals

sharply produced; right margin thickly calloused, up-

swept, angled, shouldered ; left margin thickened, rounded

;

aperture irregularly straight, reflexed to the left adapi-

cally; teeth numerous, elongate across base, interstices

sharply, deeply grooved ; basic dorsal color light grey, over-

laid with a large central chestnut-brown square blotch,

with additional brown squares at each corner, resembling

a checkerboard pattern; sides and margins pale orange,

becoming darker and brighter at each terminal; entire

shell covered with very fine, loosely scattered brown spots

;

margins, base, teeth, and interstices beige-white.

Cribraria Jousseaume, 1884

Bull. Soc. Zool. France 9: 94

Type Species: Cypraea cribraria Linnaeus, 1758

(Ovatipsa) Iredale, 1931

Rec. Austral. Mus. 18 (4) : 219

Type Species: Cypraea chinensis Gmelin, 1791

69. Cribraria (Ovatipsa) chinensis chinensis

(Gmelin, 1791)

Systema Naturae, ed. 13: 3421

(Plate 45; Figures 71a, 71b)

Syn. : Cypraea cruenta Dillwyn, 1817

Localities: 2, 43, 54, 74 a, 90, 108, 109, 114, 117, 118.

Hidalgo (1904) Cypraea cruenta: Auct. non Gmelin =
Cypraea variolaria Lamarck. 52 a, 99, 112.

Faustino (1928) Cypraea variolaria: 12, 50, 99.

Schilder (1965) Ovatipsa chinensis: Palawan, Philip-

pine Islands.

(35) c L W H Lip Col

Largest shell

:

39.5 21.2 17.0 21 19

Smallest shell

:

23.3 12.7 10.1 18 18

Gmelin (1791) in describing the shells of this species

referred to d'Argenville (1757), plate 18, figure Z, to

illustrate the species. While there is likely to be found some

morphic variation in nearly all populations, the Philip-

pine shells for the most part seem to agree generally in

form with the type figure. The Hawaiian subspecies

Cribraria chinensis amiges (Melvill & Standen, 1915)

(see Cate, 1962), appears more constantly distinctive

than any other colonial group of this species I have

worked with.

Shell elongately-ovate, terminals somewhat produced;

apex depressed; right margin heavily calloused, rounded,

uneven, bumpy along upper surface; left margin nearly

always without callus; left side an even curve from base

to top of shell; aperture wide and straight; teeth large

and strong; dorsal color pale yellow-brown, divided on

the right by a fine mantle line, and irregularly spotted

with numerous pale beige lacunae; both sides speckled

with fairly large obscure pale lavender spots; margins,,

base and teeth light beige, interstices bright orange.

(Cribraria) Jousseaume, 1884

Bull. Soc. Zool. France 9: 94

Type Species: Cypraea cribraria Linnaeus, 1758

70. Cribraria (Cribraria) cribraria orientalis

Schilder & Schilder, 1940

Arch. Molluskenk. 72 (2/3) : 43

(Plate 45; Figures 72a, 72b)

Localities: 8, 54, 68, 69, 70, 79, 87, 114, 117, 118, 130.

Hidalgo (1904) Cypraea cribraria

:

22 (Elera), 38, 78,

105, 105 a.

Faustino (1928
)
Cypraea cribraria

:

1, 78, 99.

Schilder (1965) Cribraria cribraria

:

Philippines.

(19) rc L W H Lip Col

Largest shell

:

31.7 18.0 14.5 20 18

Smallest shell

:

18.2 10.1 8.2 17 15
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This species is easily identified because of the white

shell with its light brown dorsum covered with large white

lacunae.

Shell ovate; apex depressed; margins, terminals, base,

and lips thickly calloused; right margin granular along

shoulder; primary shell color white, overlaid dorsally

with chestnut-brown and numerous large white lacunae;

margins, base, teeth, and interstices white.
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Figure 68 a Figure 68 b

Derstolida hirundo neglecta

(Sowerby, 1837) x i\

mi
Figure 70 a Figure 70 b

Bistolida stolida stolida

(Linnaeus, 1758) x if

Figure 72 a Figure 72 b

Cribraria cribraria orientalis

SCHILDER & SCHILDER, I94O X 2

^^^^^^^^^^^^^^

Figure 69 a Figure 69 b

Derstolida ursellus ursellus

(Gmelin, 1 791 ) x 4

Figure 7 1 a Figure 7 1 b

Ovatipsa chinensis chinensis

(Gmelin, 1 791 ) x 1

1

Figure 73 a Figure 73 b

Blasicrura latior

'Melvill, 1888), see Notes & News herein. x 1J
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West American Mollusk Types

in the British Museum (Natural History)

II. Species Described by R. B. Hinds

BY

A. MYRA KEEN

Department of Geology, Stanford University, California

(Plates 46, 47; 6 Text figures)

Little has been said about Richard Brinsley Hinds

in the literature, and the dates of his birth and death still

elude me. His principal monument is in the quality of

the publications he produced in three short years. He had

the post of surgeon on H. M. S. Sulphur, stationed in the

Pacific from 1836 to 1842. Then when the ship returned

to England he was charged with the task of working up

reports on zoological and botanical collections. His publi-

cations between 1842 and 1845 amounted to some 20

books and papers. So many were the new species Hinds

described that we of the present century have come to

feel he was the principal collector of the Sulphur material.

Actually, however (as he made clear in the titles of

papers), the real responsibility for the collections rested

with the ship's commander, Captain (later Sir) Edward
Belcher. Hinds, however, with a talent for systematic

work, proved an able lieutenant who kept locality records

and unusually detailed and perceptive notes on distribu-

tion. In addition to his publications on Mollusca he edited

the volume on botany and prepared an essay on plant

distribution for Belcher's "Narrative" of the voyage. Per-

haps it was the strain of such continuous effort that under-

mined his health. At any rate, "early death," as Carpen-

ter remarked in 1857, removed a worker of great promise

just at the peak of his career. One assumes, then, that he

died soon after 1845.

Captain Edward Belcher had started out as surveyor

in 1825 on the Blossom, a British vessel commanded by

Captain Frederick Beechey, which was sent to explore

Bering Strait and the Arctic Ocean as part of a search

for a navigable Northwest Passage. Probably on this

expedition he began collecting. Beechey entrusted the ex-

pedition's collections to Dr. J. E. Gray, curator at the

British Museum, but Gray was so long in finishing the

molluscan part (9 years) that the material was recalled

and the manuscript handed over to G. B. Sowerby for

completion (it was published in 1839). Belcher, mean-

while, was given command of a surveying ship working

off West Africa, and in 1836 was put in charge of the

Sulphur, to complete the work left unfinished by the

Blossom along the west coasts of South and North Amer-

ica, from Peru to southern Alaska. In 1839 the vessel was

ordered back to Britain via the trans-Pacific route. What

with side-trips and delays due to war in China, it did

not get to England until early 1842. By October of that

year the first of Hinds' papers was printed. Obviously,

then, Belcher had enlisted the help of a less-procrasti-

nating report-writer than had Beechey. Belcher, who was

knighted in 1843, set out for the Pacific again in the

Samarang, and Hinds was left the task of working up

the collection. He had for comparison the magnificent

collection made along the South and Central American

coast by Hugh Cuming, and he described a part of this

along with the Sulphur and other Belcher material.

Issuing piecemeal descriptions and supervising the pre-

paration of plates for the two large volumes on Zoology

and Botany of the voyage must have occupied Hinds'

full time.

The registry numbers of the Sulphur material at the

British Museum (Natural History) tell an interesting

story in themselves. The first entry is in February, 1842,

which must have been immediately upon arrival of the

expedition. This is listed as a donation by Hinds. For most

lots generic names only are given, but localities are

indicated; the registry numbers are 1842.2.21.37-

.

In June of 1844 Captain Belcher is credited with 40

lots: 1844.6.7.33-72, although he would by that time have

been on his way to the Pacific. A biographical sketch on
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the dealer Lovell Reeve (Melvill, 1900, p. 349) pro-

vides evidence that Belcher put his collection on the

market soon after he had returned from the Samarang

voyage and even before Adams and Reeve had published

the "Zoology of the Samarang" in 1850. One of the

collectors favored by Reeve because he had a proper

appreciation of fine shells was Thomas Lombe Taylor.

After the private sales through specialty dealers such as

Reeve and - probably - Sowerby, the material went up
for general sale at Stevens' Auction Rooms. An entry

in the British Museum register for 1851 says, "Purchased

at Stephens' sale from Captain Belcher's collection: 51.

11.3.106-715." All of the lots in this acquisition that I

traced were without locality data or specific identification.

Numbers 127-129, for example, were labelled merely

Columbella; the shells were identifiable as Anachis nigro-

fusca (Carpenter, 1857), which shows that, thorough

as Hinds was, he had not exhausted the potentialities

of Belcher's material.

Many of the types and figured specimens were among
the lots sold to favored collectors, and a fairly large

number of these found their way eventually to the British

Museum. After the death of T Lombe Taylor in 1874,

his wife gave the Museum many of the Belcher types and

figured specimens; these are items bearing the registry

numbers 74.12.11 The British Museum purchased

other of the Taylor material later ; these have such registry

numbers as 79.2.26 A few other types came in

from time to time as donations from other purchasers.

S. Hanley seems to have had some that went to H. Har-

vey, Esq. These have registry numbers in the 1900's. The
material that was exchanged or given to Hugh Cuming
by Belcher came to the British Museum with the Cuming
collection in the 1860's but was not, in the main, assigned

separate registry numbers.

All of the Belcher material reported upon by Hinds
would be syntypic according to modern type terminology.

Any specimens that can be shown to have been among the

Sulphur material would have been seen by Hinds during

the preparations of his descriptions. Because he did not

set the figured shells aside as "holotypes," these, too, must

be considered as syntypes, although, when detected, they

would be the logical selections as lectotypes, if such

precision at any time seems advisable.

In the following census I have recorded what I was
able to locate in my six months of search at the British

Museum, mainly during late 1964, with a re-check in

August 1965. I may well have overlooked some lots,

especially among the Cuming shells. Other West Ameri-
can material may also remain undetected because de-

scribed under incorrect locality labels; at least two forms

described as from Africa have turned out to be West

American. The fact that Belcher collected in West Africa

before his transfer to the Sulphur makes it the more plausi-

ble that he could have mixed labels and shells in his cabinet.

More syntypic specimens may be found - though this

becomes less and less likely - in the private collections

of Europe, purchased during the sales of the Belcher

material.

My first plan was to list Hinds' material in the order

of mention in the "Voyage of the Sulphur," but this ran

into so many complexities because of his several publica-

tions that I decided upon a systematic order instead. Each

paragraph comprises the following: name of species, orig-

inal generic assignment; exact date; first reference; refer-

ence in the "Voyage of the Sulphur" (abbreviated to

"VS"), with a colon instead of "p." and the exact date

of the publication of the illustration; type locality as given

by Hinds; number of specimens, if stated; dimensions;

present status of type material; modern allocation, if

different, and notes on nomenclature; and reference to

any figures in this paper.

Hinds stated the length of specimens in "lines" (ap-

proximately one-tenth of an inch), and I have here also

given the metric equivalent, thus: "5 lin. (13mm)."

Additional comments, in square brackets, correct errors

as to size for presumed holotype specimens or indicate the

largest syntype size in the British Museum collection,

thus: "[actually . . . mm]."

Some of the specific names that Hinds proposed had

already been used. These homonyms are indicated here

by the use of square brackets for insertion of author and

date of the earlier usage and any subsequent replacement

names between the date for Hinds' name and his first

reference.

The Conchologia Iconica of Reeve was just getting

under way at the time Hinds was preparing his reports.

Reeve, of course, gave full credit to Hinds, and neither

He was generous in lending shells to Reeve for illustration,

could know that when the nomenclatural code would later

be formulated, the Law of Priority would rob Hinds of

the credit of authorship for a number of the names, for a

few of Reeve's plates came out in advance of the publica-

tion by Hinds.

While at the British Museum I made photographs of

most of the Hinds types for my own records. Only those

are reproduced here that are needed to supplement the

original figures for the recognition of some of the species.

There seems no point in refiguring forms so well known

as, for example, Nassarius perpinguis or Mitrella carinaia

if the type material proves to have been correctly identi-

fied by modern workers. I am reproducing here some of
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Hinds' figures that should have been used in my book; I

also include two camera lucida sketches that I made to

supplement photographs.

Systematic List of West American Species

Described by Hinds

PELECYPODA

NUCULACEA

castrensis, Nucula. Dec. 1843. PZS H843) : 98. VS, Jan.

1845: 63, pi. 18, f. 5. Sitka, Alaska, 7 fms. 1 only.

3 lin. (8 mm). Not found. Acila (Truncacila)

.

caelata, Nucula. Dec. 1843 [Non Conrad, 1833; ? = Nu-

culana taphria (Dall, 1897)]. PZS (1843) : 99. VS,

Jan. 1845: 64, pi. 18, f. 13. California: Bodegas, San
Francisco, and Santa Barbara, 6-10 fms. 7 lin.

(18 mm). Not found. Nuculana.

crispa, Nucula. Dec. 1843. PZS (1843): 100. VS, Jan.

1845: 64, pi. 18, f. 14. Gulf of Nicoya, 36 fms. 3 lin.

(8 mm ) . Not found. Nuculana.

excavata, Nucula. Dec. 1843. [Non Goldfuss, 1837].

PZS (1843) : 100. VS: 64, pi. 18, f.17. Panama, 30

fms. 4 lin (10 mm) . Not found.

lyrata, Nucula. Dec. 1843. PZS (1843): 100. VS, Jan.

1845: 64, pi. 18, f. 12. Panama, 30 fms. 9.5 lin

(24 mm). Not found. = Nuculana eburnea

( SOWERBY, 1833).

Pectinacea

digitatus, Pecten. Jan. 1845. [Non Perry, 1811; = P.

zeteki Hertlein, 1935]. VS: 61, pi. 17, f. 2. Bay of

Guayaquil, 23 fms. B. M. no. 79.2.26.190. = Semi-
pallium vexillum (Reeve, 1853), an Indo-Pacific

species, fide Grau, 1959 (Allan Hancock Pac. Ex-
peditions, vol. 23: 122).

fasciculatus, Pecten. Jan. 1845. VS: 61, pi. 17, f. 4.

Veragua, 17 fms. Not found.

floridus, Pecten. Jan. 1845. [Non Gmelin, 1791; = P.

diegensis Dall, 1898]. VS: 60, pi. 17, f. 6. San
Diego, California, 5 fms. B. M. no. 79.2.26.241, 1

specimen, probably holotype.

rubidus, Pecten. Jan. 1845. VS: 61, pi. 17, f. 5. Alaska,

33 fms. B. M., 3 syntypes, unnumbered. Chlamys.
(Not preoccupied by Martyn, 1784 [non-binomial]
and needlessly renamed P. hindsii navarchus Dall
1898).

sericeus, Pecten. Jan. 1845. VS: 60, pi. 17, f. 1. Panama,

53 fms., 1 only. Not found. Pecten (Pecten)

Lucin acea

fenestrata, Lucina. Jan. 1845. VS: 66, pi. 19, f. 2. Monte

Christi; San Bias, 7-14 fms. Not found. (Text-figure

1. Hind's original figure; the form shown in Keen,

1958, fig. 189, may prove distinct).

2

Figure i

Lucina fenestrata Hinds. Copy of Original Figure. x 0.8

Venerace

a

kellettii, Venus. Jan. 1845. VS: 65, pi. 19, f. 5. Quibo;

Veragua, 30-34 fms. Not found. Chione (Liro-

phora). (Text-figure 2. Hind's original figure, better

drafted than that of Lowe copied in Keen, 1958,

fig. 330).

Figure i

Venus kellettii Hinds. Copy of Original Figure x 0.8

Tellinacea

bodegensis, Tellina. Jan. 1845. VS: 67, pi. 21, f. 2. Rus-

sian Bodegas, 7 fms. B. M. holotype, no. 74.12.11.372.
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fucata, Tellina. Jan. 1845. VS. 67, pi. 21, f. 4. Bay of Mag-

dalena. B. M. holotype, no. 79.2.26.192. Gari.

(Plate 46, Figure 4).

decora, Psammobia. Oct. 1842. Ann. Mag. Nat. Hist. 10:

81, pi. 6, f. 1; VS, Jan. 1845: 66, pi. 19, f. 6-7. San

Diego. Not found. = Sanguinolaria nuttallii

Conrad, 1837.

Myacea

fragilis, Corbula. Nov. 1843. PZS (1843): 56; VS, Jan.

1845 : 68, pi. 20, f. 1 1 (also figured by Reeve, Conch.

Icon., vol. 2, Jan. 1844, pi. 3, f. 19). West coast of

Veragua, 18 fms. 7 lin (18 mm). B. M. syntype, un-

numbered. [= C. nasuta Sowerby, 1833, fide

Olsson, 1961]. (Plate 46, Figure 3).

marmorata, Corbula. Nov. 1843. PZS (1843): 58; VS,

Jan. 1845: 69, pi. 20, f. 13. West coast of Veragua,

26 fms. 2 lin. (5mm). Not found.

obesa, Corbula. Nov. 1843. PZS (1843): 57; VS, Jan.

1845: 68, pi. 20, f. 12 (also figured by Reeve, 1844,

Conch. Icon., vol. 2, pi. 5, f. 38). Panama, Veragua,

and San Bias, 22-33 fms. Not found (an identified

specimen in B. M. coll. is C. nasuta).

speciosa, Corbula. Reeve, Aug. 1843 (Conch. Icon., vol.

2, Corbula, pi. 1, sp. 6). Hinds.. PZS for 1843, p.

57, Nov. 1843; VS, Jan. 1845: 68, pi. 20, f. 7-8.

Panama, 6 fms; Gulf of Nicoya. 9 fin. (23mm).
B. M. holotype, no. 79.2.26.191. (Although Reeve
points out that this is the form called by Sowerby
in 1833 C. radiata, a name preoccupied by Deshayes,
he makes it clear that this is not a replacement

name, that he is instead characterizing and figuring

Hinds' material - unfortunately in advance of

Hinds' publication).

PoROM YACEA

didyma, Neaera. Dec. 1843. PZS (1843): 78; VS, Jan.

1845: 70, pi. 20, f. 19. West coast of Veragua, 26 fms.

3 lin. (8mm). Not found. Cuspidaria.

AMPHINEURA

magdalenensis, Chiton. Jan. 1845. VS: 54, pi. 19, f. 1.

Bay of Magdalena. B. M., 2 specimens in type collec-

tion, with query, no. 42.2.21.37-38. Stenoplax.

GASTROPODA

Patellacea

depicta, Patelloida. Oct. 1842. Ann. Mag. Nat. Hist., vol.

10: 82, pi. 6, f. 4. San Diego, California. B. M., 2

syntypes, 42.2.21.193-195 ("one smashed").

Acmaea.

insessa, Patella. Oct. 1842. Ann. Mag. Nat. Hist., vol. 10:

82, pi. 6, f. 3. San Diego, California. B. M., 4 syn-

types, from Cuming collection, unnumbered.

Acmaea.

Epitoniacea

aciculina,Scalaria. Mar. 1844. PZS (1843) : 125; figured,

Sowerby, Thes. Conch., Jan. 1845, vol. 1: 100, pi.

34, f. 100. West Central America. 3.5 lin. (9mm).

Not found. Epitonium.

dianae, Scalaria. Mar. 1844. PZS (1843) : 125; figured,

Explanation of Plate 46

- All specimens in British Museum (Natural History)

Figure i. Daphnella casta. Holotype. x 7.

Figure 2. Phos crassus. Syntype (largest of three, the two smaller

with mature lips) . x O.8.

Figure 3. Corbula fragilis. Syntype (on cardboard mount; millimeter

scale below) . x 2.5.

Figure 4. Tellina fucata. Above, left valve (broken), interior x 1.2.

exterior, x 1,1. Below, right valve, interior, x 1.2.

Figure 5. Solarium placentale. Syntypes. Left, figured specimen:

right, dead shell from Belcher coll. x 1.7.

Figure 6. Cancellaria urceolata. Syntype (largest of four specimens).

x 0.8.

Figure 7. Cancellaria corrugata. Syntypes. Left, from Cuming Mus.,

right, figured specimen, x 1.4. ?

Figure 8. Cancellaria ventricosa. Syntype (larger of two specimens)

.

x 0.8.

Figure 9. Cancellaria cremata. Syntype (larger of two specimens),

x 1.4.

Figure 10. Clavatula sculpta. Holotype. x 5.

Figure 1 1 . Murex hamatus. Syntype. x 1 .3.

Figure 1 2. Clavatula micans. Holotype. x 7.

Figure 13. Clavatula rigida. Holotype. x 8.

Figure 14. Cancellaria elata. Apertural and back view of holotype

(outer lip broken) . x 4.
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Sowerby, Thes. Conch., Jan. 1845, vol. 1: 102, pi.

35, f. 124-125. Gulf of Nicoya, 36 fms. 5 lin. ( 13 mm)
[actually 8mm], B. M, holotype, no. 1950.4.18.3.

Epitonium (Sthenorytis). (Plate 47, Figure 3).

vulpina, Scalaria. Mar. 1844. PZS (1843) : 126; figured,

Sowerby, Thes. Conch., Jan. 1845, vol. 1 : 106, pi.

35, f. 117-118. Quibo, Veragua, 30 fms. 3 lin.

(7.5mm). Not found. Epitonium.

TURRITELLACEA

placentale, Solarium. July 1844. PZS (1844): 22; VS,

Jan. 1845: 50, pi. 14, f. 5-6. Bay of Magdalena, 7

fms. B. M., 2 syntypes: one dead shell from Belcher,

no. 1844.6.7.33; figured specimen from Taylor coll.,

no. 74.12.11.200. No dimensions given; figure size,

15 mm, shell 15.5 mm. Architectonica. (Plate

46, Figure 5 )

.

quadriceps, Solarium. July 1844. PZS (1844): 23; VS,

Jan. 1845: 50, pi. 14, f. 7-8. Panama, 5 fms. Not
found. = Architectonica nobilis Roding, 1798, of

authors.

Cerithiacea

gemmatum, Cerithium. Oct. 1844. VS: 27, pi. 11, f. 5-6.

Panama, 2-7 fms. B. M., 3 syntypes, unnumbered.

(Type of subgenus Ochetoclava Woodring, 1928, by

original designation).

Hipponicacea

cancellata, Trichotropis. July 1843. PZS (1843) : 17; VS,
Oct. 1844: 39, pi. 11, f. 11-12. Sitka, 5-7 fms. 8 lin.

(21 mm). Not found.

inermis, Trichotropis. July 1843. PZS (1843): 18; VS,
Oct. 1844: 40, pi. 11, f. 13-14. Sitka, 5-7 fms. 7.5 lin.

(19mm). Not found.

Calyptraeacea

solida, Crepidula. Jan. 1845. VS: 53, pi. 16, f. 7-8. Bode-

gas, 6-10 fms. Not found.

Cypraeacea

vitellina, Erato. Oct. 1844. VS: 46, pi. 13, f.22-23. Bay of

Magdalena, 7 fms. B. M., 3 syntypes, one possibly

the figured shell, unnumbered.

Cym ATIACEA

californica, Ranella. Apr. 1843. Ann. Mag. Nat. Hist. 11

:

255; VS, July 1844: 12, pi. 2, f. 4-5. San Diego,

California. Not found. Bursa.

pectinata, Ranella. See under M uric ace a.

anomala, Triton. See under Buccinacea.
vestitus, Triton. July 1844. PZS (1844): 21; VS, July

1844: 1 1, pi. 4, f. 1-2. Gulf of Nicoya, Realejo, Bay of

Honda. Not found. Lampusia. [Septa Perry,

1810, recommended as an earlier generic name by

Clench & Turner, 1957, Johnsonia, vol. 3, no. 36:

214).

Muricacea

belcheri, Murex. Mar. 1844. PZS (1843) : 127; VS, July

1844: 8, pi. 2, f. 1-3. San Diego, California. 66 lin.

( 168 mm) . Not found. Forreria.

californicus, Murex. Mar. 1844. PZS (1843): 128; VS,

July 1844: 8, pi. 3, f. 9-10. California. 18 lin. (46

mm). B. M., 3 syntypes, one possibly the figured

shell [a note says, "figured shell in Mus. Cum."],

unnumbered. = Pterynotus erinaceoides (Valen-

ciennes, 1832).

centrifuga, Murex. Mar. 1844. PZS (1843): 126; VS,

July 1844: 8, pi. 3, f. 7-8. West coast of Veragua, 52

fms. 16 lin. (40mm). Not found. Pterynotus (Cen-

trifuga)

.

festivus, Murex. Mar. 1844. PZS (1843) : 127; VS, July

1844: 9, pi. 3, f. 13-14. Bay of Magdalena, 7 fms.

13 lin. (33mm). B. M., 2 syntypes, no. 44.6.7.91-2,

not figured specimen. Shaskyus Burch & Camp-
bell, 1963)

foveolatus, Murex. Mar. 1844. PZS (1843): 127; VS,

July 1844: 9, pi. 3, f. 15-16. Bay of Magdalena. 12.5

lin. (31mm). Not found. Ocenebra.

hamatus, Murex. Mar. 1844. PZS (1843): 128; VS,

July 1844: 8, pi. 3, f. 11-12. Bay of Guayaquil, 21

fms. 13.5 lin. (34mm) [actually 30mm]. B. M., no.

1907.12.30.134 (figured syntype, from Belcher coll.

to S. Hanley to H.Harvey; also figured by Reeve;
a second specimen in the general collection as a

topotype may be also a syntype, although labelled

"Murex, sp." by Hinds in 1842). Ceratostoma.

(Not a synonym of Ocenebra lugubris (Broderip.

1833); both specimens show a small tooth in the

outer lip at the inner edge of an indentation; shell

light yellow, canal brown; lip varix with a deep notch;
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lip wider and more sloping than in O. lugubris,

spire higher, varices one less per whorl). (Plate 46,

Figure 11).

peritus, Murex. Mar. 1844. PZS (1843) : 129; VS, July

1844: 9, pi. 3, f. 23-24. Bay of Magdalena. 9.5 lin.

(24mm). B. M., no. 1902.2.13.2, one specimen,

probably the holotype. Ocenebra.

radicatus, Murex. Mar. 1844. PZS (1843): 128; VS,

July 1844: 9, pi. 3, f. 21-22. San Bias, Mexico, 11 fms.

10 lin. (25mm). B. M., one specimen, probably

the holotype, no. 1907.10.28.136. Ocenebra.

pectinata, Ranella. July 1844. VS: 13, pi. 4, f. 17-18. San

Bias, Mexico, 7 fms. Not found. (Also figured by

Reeve, July 1844, Conch. Icon., vol. 2, pi. 7, f.

35 ) . Eupleura.

muricatus, Trophon. July 1844. VS: 14, pi. 1, f. 16-17.

Panama, 19 fms. Not found. Coralliophita.

(Palmer, 1958, Geol. Soc. Amer. Mem. 76: 209,

points out that the name is not preoccupied by

Murex muricatus Montagu, 1803, as Carpenter

assumed, and therefore Trophon hindsii Carpenter,

1857, was an unnecessary replacement.)

quadratus, Typhis. July 1843. PZS (1843) : 18; VS, July

1844: 10, pi. 3, f. 3-4. Gulf of Nicoya and Bay of

Guayaquil. 11 lin. (28mm). B. M., syntype (not the

figured shell) , no. 1844.6.7.35. — T. coronata Brode-

rip, 1833, fide Keen & Campbell, 1964, (Veliger,

vol. 7:49).

Buccinacea

carinata, Columbella. Oct. 1844. VS: 39, pi. 10, f. 15-16.

Bodegas and San Diego, California, 7 fms. and less.

B. M., syntype lot, no. 44.9.23.18-20. Mitrella.

fusiformis, Columbella. Oct. 1844. [Non Anton, 1839; ==

Strombina fusinoidea Dall, 1916]. VS: 38, pi. 10,

f. 17-18. Veragua, 24 fms. B. M., 3 syntypes, un-

numbered. Strombina.

lentiginosa, Columbella. Oct. 1844. VS: 39, pi. 10, f. 21-

22. Gulf of Nicoya, under stones on beach. B. M., 4

syntypes, no. 44.9.23.6-9. Anachis (PGlyptanachis).

(Plate 47, Figure 2).

pardalis, Clavatula. Oct. 1843. PZS (1843): 42; VS,

July 1844: 22, pi. 7, f 1. Gulf of Nicoya, under

stones at low water. 2 lin. (5mm) [actually 6.5 mm].
B. M., 1 syntype (not the figured shell), no. 1844.6.

7.56. Anachis, possibly identical with A. carmen
Pilsbry & Lowe, 1932. (Plate 47, Figure 1 )

.

pavonina, Columbella. Oct. 1844. VS: 38, pi. 10, f. 19-20.

Locality label lost; "probably West Central Amer-
ica." B. M., 1 syntype (not the figured shell), no.

44.9.23.21. Strombina.

anomalus, Triton. July 1844. PZS (1844) : 22. VS, July

1844: 12, pi. 4, f. 13-14. Island of Quibo, Veragua,

on shore. Not found. Bailya.

metula, Buccinum. Oct. 1844. VS: 31, pi. 16, f. 13-14.

West coast of Veragua, in a few fathoms. Not found.

Metula.

articulatus, Phos. Oct. 1844. VS: 38: pi. 10, f. 7-8. Pana-

ma. B. M., 3 probable syntypes from Cuming Coll.,

unnumbered. Phos (Antillophos). [Antillophos

Woodring, 1928].

crassus, Phos. Apr. 1843. Ann. Mag. Nat. Hist. 11: 257;

VS, Oct. 1844: 37, pi. 10, f. 1-2. Panama; Gulf of

Fonseca, 3-14 fms. B. M., 3 probable syntypes from

Cuming coll., unnumbered. Phos (Cymatophos)

.

[Cymatophos Pilsbry & Olsson, 1941]. (Plate 46,

Figure 2).

gaudens, Phos. Oct. 1844. VS: 38, pi. 10, f. 5-6. Gulf of

Tehuantepec, 13 fms. B. M., 3 probable syntypes,

no. 1844.1.24.133-134. Phos (Antillophos).

veraguensis, Phos. Apr. 1843. Ann. Mag. Nat. Hist. 11:

257; VS, Oct. 1844: 37, pi. 10, f. 13-14. Pueblo"

Nueva, west coast of Veragua, 26 fms. B. M., 4 syn-

types, 3 from Cuming coll., 1 from Belcher, no. 1844.

9.23.14. Phos (Antillophos).

moesta, Nassa. Oct. 1844. VS: 36, pi. 9, f. 18-19. Gulf of

Papagayo, 8-14 fms. Not found. Nassarius (Arcu-

laria).

myristicata, Nassa. Oct. 1844. VS: 36, pi. 9, f. 10-11.

"Cape of Good Hope" [actually, as recognized by

Pilsbry & Lowe, 1932 (Proc. Acad. Nat. Sci. Phila-

delphia, vol. 84: 68), from West Central America].

B. M., 1 specimen, probably the holotype, no. 44.9.

23.11. Nassarius.

perpinguis, Nassa. Oct. 1844. VS: 36, pi. 9, f. 12-13. Bay

of Magdalena [probably from a California locality,

instead]. B. M., holotype, no. 44.9.23.5. Nassarius

(Caesia). [type of subgenus].

VOLUTACEA

belcheri, Mitra. Apr. 1843. Ann. Mag. Nat. Hist. 11:

255 ;
VS, Oct. 1844 : 40, pi. 11, f. 1-2. Gulf of Nicoya

and Gulf of Papagayo, 17 fms. Not found. (Also

figured by Reeve, Conch. Icon., vol. 2, Sept. 1844,

pi. 13, f. 93).

imbricata, Marginella. Sept. 1844. PZS (1844): 76; fig-

ured by Reeve, Conch. Icon. vol. 15, Jan. 1865, pi.

14, f. 59. Acapulco. B. M., 3 syntypes, Cuming Coll.

(For a figure and lectotype designation, see Coan &

Roth, 1966, Veliger, vol. 8, no. 4, this issue, p. 283,

pi. 48, f. 19-20). Persicula.
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sapotilla, Marginella. Sept. 1844. PZS (1844): 74; VS,

Oct. 1844: 45, pi. 13, f. 10-11. Panama, 5-13 fms.

B. M., 2 lots of 3 each, none the exact size of the

figure, i.e., 6 unnumbered syntypes. (For a figure

and lectotype designation see Coan & Roth, 1966,

Veliger, vol. 8, no. 4, this issue, p. 279, pi. 48, f. 1-2.

Marginella (Prunum).

toxoglossa

Cancellarudae

albida, Cancellaria. Oct. 1843. PZS (1843) : 47; VS, Oct.

1844: 42, pi. 12, f. 9-10. Bay of Guayaquil; Panama;
Veragua, 7-23 fms. 13 lin. (33mm). B. M., 3 syntypes

of which one may be the figured shell; unnumbered.

corrugata, Cancellaria. Oct. 1843. PZS (1843) : 48; VS,

Oct. 1844 : 42, pi. 12, f.1-2. Bay of Guayaquil, 7 fms.

8 lin. (21mm) [actually, figured shell 16mm, an-

other 21 mm]. B. M., 2 syntypes, the smaller figured,

no. 79.2.26.118, the larger from Cuming Coll., un-

numbered. (Plate 46, Figure 7).

cremata, Cancellaria. Oct. 1843. PZS (1843) : 48. Name
based on fig. 9 in Sowerby, 1832, Conchological

Illustrations, Cancellaria. Panama, 4-10 fms. 10 lin.

(25mm). B. M., 2 syntypes, Cuming Coll., unnum-
bered. (Plate 46, Figure 9).

data, Cancellaria. Oct. 1843. PZS (1843) : 48; VS, Oct.

1844: 42, pi. 12, f. 3-4. Panama, 30 fms. 9 lin. (23

mm) [actually, 15 mm]. B. M., holotvpe, no. 79.2.26.

120. (Plate 46, Figure 14).

funiculata, Cancellaria. Oct. 1843. PZS (1843) : 48; VS,
Oct. 1844: 43, pi. 12, f. 5-6. Gulf of Magdalena, 7

fms. 8 lin. (21 mm). "Single specimen." The only

candidate specimen in B. M. collection is similar to

but not positively identifiable with the figure. The
labelling is contradictory, on the face of the board,

"C. lyrata Adams & Reeve, China seas, Belcher." On

Figures 3 and .4

Cancellaria funiculata Hinds. Copy of Original Figures. x 0.8

figure 3: apertural view figure 4: back view

the back of the board in the handwriting of E. A.

Smith, "Not elata Hinds. = funiculata Hinds. Mus.

Cum." Identification of the species must therefore be

on the basis of the original figures, reproduced here.

A modern figure may be that by Shasky, 1961, Veli-

ger, vol. 4, no. 1 : 19, pi. 4, f. 6. If so, the figure in

Keen, 1958, fig. 709 is of C. campbelli Shasky,

1961, ibid., p. 20, pi. 4, f. 5. (Text-figures 3, 4)

.

urceolata, Cancellaria. Oct. 1843. PZS (1843): 47; VS,

Oct. 1844: 41, pi. 12, f. 7-8. Gulf of Papagayo, 8-14

fms.; San Bias, 7 fms. 16 lin. (41mm). B. M., 4

syntypes, none the figured shell. (Plate 46, Figure 6)

.

ventricosa, Cancellaria. Oct. 1843. PZS (1843) : 47; VS,

Oct. 1844: 41, pi. 12, f. 11-12. Realejo, 60-70 fms.;

San Bias; Gulf of Magdalena, 7 fms. 15 lin. (38

mm) [actually 27mm]. B. M., 4 syntypes, one figured

(Plate 46, Figure 8)

.

Turridae

aspera, Clavatula. Oct. 1843. PZS (1843) : 40; VS, July

1844: 19, pi. 6, f. 7-8. Guayaquil 5 fms.; also North

Coast of New Guinea. 4 lin. (10 mm) [length of

figure, 14 mm]. Cited in B. M. register as no. 1844.6.

7.72 (not found upon search of West American

material; perhaps filed as Indo-Pacific )

.

? Clathurella.

bella, Clavatula. Oct. 1843. PZS (1843): 41; VS, July

1844: 19; pi. 6, f. 13. West coast of Veragua, 30 fms.;

Gulf of Papagayo, 8-14 fms. 5.5 lin. (14mm). B.

M„ 3 syntypes, nos. 1844.6.7.68-69 and 79.2.26.64

(the figured specimen). (Also figured by Reeve,

Conch. Icon, Dec. 1843, vol. 1, pi. 18, f. 146).

Mangelia. (Plate 47, Figure 5).

Candida, Clavatula. Oct. 1843. PZS (1843) : 42; VS, July

1844: 20, pi. 6, f. 18. Magnetic I, west coast of

Veragua. 5.5 lin. (14mm). B. M, 3 syntypes, 1844.

6.7.67 (with Hinds' label) and 79.2.26.69 (the fig-

ured specimen) . Clathurella.

casta, Daphnella: see under Acteonidae

coelata, Clavatula. Oct. 1843. PZS ( 1843) : 42; VS, July

1844: 22, pi. 7, f. 6. Gulf of Fonseca, 20 fms. 3 lin.

(8mm). Not found. (Specific name spelled coelata

in original description and VS text, caelata in VS
plate explanation; recorded as caelata by Reeve in

Conch. Icon, Nov. 1845; not preoccupied by Pleuro-

toma coelata Lea, 1833). Mangelia.

cricca, Clavatula. Oct. 1843. PZS (1843): 39; VS, July

3844: 17, pi. 5, f. 15. Magnetic I, Veragua, 26 fms.

5 lin. (13 mm) [actually, 11mm]. B. M, 2 syntypes,

no. 79.2.26.54. Mangelia. (Plate 47, Figure 4)

.
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gemmata, Pleurotoma, Reeve, Apr. 1843, Conch. Icon.,

vol. 1, sp. 83. [Non Conrad, 1835 = Gemmula
hindsiana Berry, 1958]. Hinds, PZS (1843): 37,

Oct. 1843; VS, July 1844: 15, pi. 5, f. 4. Gulf of

Magdalena, 7 fms. 9 lin. (23 mm) [actually, 21

mm]. B. M., holotype no. 79.2.26.34.

impressa, Clavatula. Oct. 1843. PZS (1843): 44; VS,

July 1844 : 21, pi. 6, f. 23-24. Gulf of Papagayo, 8-14

fms. 4.5 fin. (11 mm) . Not found. Clavus (Elaeo-

cyma).

inermis, Pleurotoma, Reeve, Mar. 1843, Conch. Icon.,

vol. 1, pi. 8, no. 64. HrNDS, Oct. 1843, PZS (1843)

:

37; VS, July 1844: 16, pi. 5, f. 7. 15 lin. (37mm)
[actually, 32 mm]. Bay of Magdalena, 7 fms. B. M.,

holotype, no. 79.2.26.98. Ophiodermella Bartsch,
1944. (Plate 47, Figure 9).

luctuosa, Clavatula. Oct. 1843. PZS (1843): 40; VS,
July 1844: 18, pi. 6, f. 4. Bay of Guayaquil; Gulf

of Magdalena, 5-22 fms. 7.5 lin. (19mm). B. M., 3

syntypes, nos. 1844.6.7.58-59 and 79.2.26.61 (the fig-

ured specimen). Crassispira. (Also figured by
Reeve, Dec. 1843, Conch. Icon., vol. 1, as Pleuro-

toma, no. 149).

merita, Clavatula. Oct. 1843. PZS (1843) : 42; VS, July

1844: 21, pi. 6, f. 20. Gulf of Nicoya, under stones,

low water. 4 lin. (10mm) [actually, 8mm]. B. M.,

2 syntypes, 1844.6.7.60 (with Hinds' label) and 79.

2.26.71 (the figured shell). Mangelia. (Also fig-

ured by Reeve, Conch. Icon., vol. 1, Dec. 1843, as

Pleurotoma, no. 148). (Plate 47, Figure 10).
micans, Clavatula. Oct. 1843. PZS (1843) : 43; VS, July

1844: 23, pi. 7, f. 11. Gulf of Papagayo, 14 fms.

3.5 lin. (9mm) [actually, 8mm]. Holotype, B. M.,

no. 79.2.26.78. Clavus (Elaeocyma). (Plate 46,

Figure 12).

militaris, Pleurotoma, Reeve, Mar. 1843, Conch. Icon.,

vol. 1, pi. 7, no. 55. Hinds, Oct. 1843, PZS (1843)

:

38; VS, July 1844: 16, pi. 5, f. 10, as Clavatula.

Veragua, 18 fms.; Panama, 8-30 fms. 20 lin. (51

mm). Not found. Hindsiclava.

neglecta, Clavatula. Oct. 1843. PZS (1843): 45; VS,

July 1844: 20, pi. 6, f. 14. Gulf of Nicoya, under

stones, low water. 5 lin. (13mm). B. M., 2 syn-

types, nos. 1844.6.7.61 (Hinds' label) and 79.2.26.66

(the figured shell). Clathurella. (Plate 47, Fig-

ure 7 )

.

nobilis, Pleurotoma. Oct. 1843. PZS (1843): 37; VS,

July 1844: 15, pi. 5, f. 1-2. San Bias, Mexico, 7 fms.

44 lin. (112mm). Not found. Pleuroliria. (Also

cited by authors as Polystira Woodring, 1928).

occata, Clavatula. Oct. 1843. PZS (1843) : 41; VS, July

1844: 19, pi. 6, f. 10. Magnetic I., west coast of

Veragua. 4.5 lin. (11mm). B. M., holotype, no.

79.2.26.63. (Type species of Diptychophlia Berry,

1964, Leaflets in Malac. no. 24, p. 150; the two folds

on the columella of the holotype were concealed

by a sand grain, the camera lucida sketch here given

having been made after its removal). (Text-figure

5).

pardalis, Clavatula: see under Buccinacea, family

COLUMBELLIDAE.

plumbea, Clavatula. Oct. 1843. PZS (1843): 41; VS,

July 1844: 19, pi. 6, f. 9. Bay of Magdalena, 5 fms.

5 lin. (12 mm) [actually, 8 mm]. B. M., 2 syntypes,

nos. 1844.6.7.65-66, with Hinds' label (one figured).

Mangelia. (Original figure not accurate as to

Explanation of Plate 47

- All specimens in British Museum (Natural History)

Figure i. Clavatula pardalis. Syntype (not figured by Hinds), x 6.

Figure 2. Columbella lentiginosa. Syntype. x 7.

Figure 3. Scalaria dianae. Holotype. x 3.3.

Figure 4. Clavatula ericea. Syntypes. x 4.

Figure 5. Clavatula bella. Syntype figured by Hinds, x 2.5.

Figure 6. Clavatula plumbea. Two syntypes, specimen at right

figured by Hinds, x 5.

Figure 7. Clavatula neglecta. Two syntypes (specimen at left the one
figured, the other with a Hinds label) . x 4.

Figure 8. Clavatula pudica. Holotype. x 4.

Figure 9. Pleurotoma inermis. Holotype. x 1.8.

Figure 10. Clavatula merita. Rack view of unfigured syntype. x 6.

Figure 1 1
.
Terebra larvaeformis. Two largest of three syntypes. x 0.8.

Figure 12. Terebra varicosa. Larger of two syntypes. x 1.7

Figure 13. Terebra tuberculosa. Largest of three syntypes. x 1.4.

Figure 14. Terebra elata. Smallest and most slender of three syn-

types. x 2.5 (Size range 32-35111111, height; 5.2-6.4mm diameter).

Figure 15. Terebra radula. Holotype. x 1.3.

Figure 16. Terebra glauca. Larger of two syntypes. x 1.7.

Figure 17. Terebra specillata. Questionably the holotype, as labelled

by E. A. Smith, x 1.3.

Figure 18. Terebra armillata. Three syntypes, on board mount, two

specimens from Cuming collection, one presented by Belcher

marked with an "x" not now visible, x 0.8.

Figure 19. Terebra aspera. Three syntypes, Cuming collection, pho-

tographed on a Cuming original label (note the bold "H. C." at

lower right of label, characteristic sample of Cuming's hand-

writing) . x 0.8.
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Fisjure 5

Clauatula occata Hinds. Camera lucida Sketch of Holotype x 8.0

details of ribbing; also figured by Reeve, Conch.

Icon., Dec. 1843, as Phurotoma, no. 151). (Plate

47, Figure 6).

pudica, Clavatula. Oct. 1843. PZS (1843): 41; VS,

July 1844: 20, pi. 6, f. 11-12. Gulf of Papagayo,

8-14 fms. 6 lin. (15 mm). B. M., 2 syntypes, nos.

1844.6.7.64 (the figured shell, labelled "type" by E.

A. Smith) and 79.2.26.64, labelled "type?". Clavus.

(Plate 47, Figure 8).

quisqualis, Clavatula. Oct. 1843. PZS (1843): 44; VS,

July, 1844: 19, pi. 6, f. 5. West coast, Central Amer-

ica; Gulf of Papagayo. 8-14 fms. 4.5 lin. (11mm).
B. M., 3 syntypes, nos. 1844.6.7.54-55 and 79.2.26.

96 (the figured shell). Clavus (Cymatosyrinx)

.

rava, Clavatula. Oct. 1843. PZS (1843) : 39; VS, July

1844: 17, pi. 5, f. 18. Nicoya, 18 fms. 5 lin. (13

mm) . B. M., holotype. no. 79.2.26.57. Clathurella.

rigida, Clavatula. Oct. 1843. PZS (1843) : 45; VS, July

1844: 24, pi. 7, f. 18. Panama. 2.5 lin. (6mm)
[actually, 8.5 mm]. B. M., holotype, no. 79.2.26.86.

Clathurella. (Original figure not accurate as to

details of ribbing). Plate 46. Figure 13).

sculpta, Clavatula. Oct. 1843. PZS (1843) : 39; VS, July

1844: 17, pi. 5, f. 17. Panama, 7 fms. 7 lin. (18mm)
[actually, 15 mm]. B. M., Pholotype or figured syn-

type, no. 79.2.26.58. 'Also figured by Reeve, Dec.

1843, Conch. Icon., vol. 1, Plcurotoma, no. 154).

Clathurella (?). (Specimen with incomplete outer

lip). (Plate 46, Figure 10).

CONIDAE

call]ornicus, Conus, Reeve, Jan. 1844, Conch. Icon., vol.

1, no. 224. Hinds, July 1844, VS: 7, pi. 1, f. 3-5. Bay

of Magdalcna, 7 fms. B. M., syntype, 44.6.7.89.

patricius, Conus. Apr. 1843. Ann. Mag. Nat. Hist. 11:

256; VS, July 1844: 7, pi. 1, f. 1-2. Gulf of Nicoya.

7 fms. B. M., syntype no. 1900.2.13.55.

Terebrtdae

armillata, Terebra. June 1844. PZS (1843) : 154; figured,

Hinds in Sowerby, Thes Conch., vol. 1. Jan. 1845:

173, pi. 43, f. 49. Panama to Bay of Magdalena, 5-13

fms.; also fossil in cliffs at latter locality. 22 lin.

(56mm) [actually, 45mm]. B. M., 3 syntypes, one

presented by Belcher 44.6.7.83 but "x" mark now

invisible. (Plate 47. Figure 18).

aspera, Terebra. June 1844. PZS (1843): 154. [Non

Bosc, 1801]. Figured, Hinds in Sowerby, Thes.

Conch., vol. 1, Jan. 1845: 174, pi. 43, f. 44. Panama,

Monte Christi, Sta. Elena, 6-10 fms. 23 lin. (58

mm) [actually, 55mm]. B. M., 3 syntypes, Cuming
coll., unnumbered (label in handwriting of Hugh
Cuming) . [Name preoccupied; possibly a variant of

T. glauca Hinds, teste Bruce Campbell, 1966, in litt}.

(Plate 47, Figure 19).

elata, Terebra. June 1844. PZS (1843): 156. Figured,

Hinds in Sowerby, Thes. Conch., vol. 1, Jan. 1845:

177, pi. 44, f. 68-69. Bay of Montijo, 15 fms. 12 lin.

(30 mm) [actually, length 32-35 mm, diameter

5.2-6.4 mm]. B. M., 3 syntypes, from Cuming Coll.,

unnumbered. [Possibly a prior name for T. sanjuan-

ensis Pilsbry & Lowe, 1932, teste Bruce Campbell,

1966, in litt.]. (Plate 47, Figure 14).

glauca, Terebra. June 1844. PZS (1843): 155. Figured,

Hinds in Sowerby, Thes. Conch., vol. 1, Jan. 1845:

175, pi. 44, f. 85, as "probably the young of T.

radula." Locality unknown. 14 lin. (35 mm) [actually,

25 mm]. B. M., 2 syntypes, Cuming Coll., unnum-

bered. (Plate 47, Figure 16).

intertincta, Terebra. June 1844. PZS (1843) : 155. "Gam-
bia"" [Africa]. 20 lin. (51mm). Figured, Hinds in

Sowerby, Thes. Conch., vol. 1, Jan. 1845: 173,

pi. 44, f. 81. B. M., holotype, recognized as West

American by Tomlin, 1944 (Min. Conch. Club So.

lin, 1844 (op. cit.) [probably a prior name for T.
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isopleura Pilsbry & Lowe, 1932, teste Bruce Camp-

bell, 1966, in litt.]. (Plate 47, Figure 11).

larvaeformis, Terebra. June 1844. PZS (1843) : 155; fig-

ured, Hinds in Sowerby, Thes. Conch., vol. 1, Jan.

1845 : 176, pi. 43, f. 46-47. Sta. Elena; Monte Christi,

6-15 fms. 23 lin. (58mm) [actually, 52mm]. B. M.,

3 syntypes, Cuming coll., unnumbered; label in

Cuming handwriting, not Hinds' as stated by Tom-
lin, 1844 (op. cit. ) . (Plate 47, Figure 11).

lingualis, Terebra. June 1844. PZS (1843) : 153; figured,

Hinds in Sowerby, Thes. Conch., vol. 1, Jan. 1845:

167, pi. 43, f. 50. Gulf of Papagayo; Montijo, 10-17

fms. 30 lin. (76mm). B. M., 3 syntypes, Cuming
Coll. (Cuming label), unnumbered. [One syntype

figured as "type" by Campbell, 1963, Veliger, vol.

5. no. 3, pi. 13, f. 1].

luctuosa, Terebra. June 1844. PZS (1843) : 157; figured,

Hinds in Sowerby, Thes. Conch., vol. 1, Jan. 1845:

181, pi. 45, f. 121. 17 lin. (43 mm) [actually, 40
mm]. Gulf of Nicoya; Puerto Portrero; 12 fms. B.

M., 3 syntypes. Hastula.

radula, Terebra. June 1844. [Non Gravenhorst, 1807].

PZS (1843) : 153; figured. Hinds in Sowerby, Thes.

Conch., vol. 1, Jan. 1845: 174, pi. 44, f. 95. 19 lin.

(48 mm) [actually, 44 mm]. Puerto Portrero, 13 fms.

B. M., holotype, Cuming Coll.. unnumbered. [= T.

panamensis Dall, 1908, teste Bruce Campbell, 1966,

in litt.}. (Plate 47, Figure 15).

robusta, Terebra. June 1844. PZS (1843) : 149; figured,

Hinds in Sowerby, Thes. Conch., vol. 1, Jan. 1845:

152; pi. 42, f. 35. Gulf of Nicoya, Gulf of Papagayo,
San Bias, Panama. 57 lin. (145 mm). B. M.. 3 syn-

types from Panama, Cuming Coll., unnumbered, [one

of these, marked "x", length 115 mm, was figured as

"type" by Campbell, 1963, Veliger, vol. 5, no. 3, pi.

13, f. 2].

specillata, Terebra. June 1844. PZS (1843) : 155; figured,

Hinds in Sowerby, Thes. Conch., vol. 1, Jan. 1845:

163, pi. 44, f. 96; pi. 45, f. 116. San Bias, 7 fms. 20
Hn. (51mm). B. M.. one specimen, no. 44.6.7.84,

catalogued as "type" but queried by E.A.Smith
(probably a syntype; length 41mm). (Plate 47,
Figure 17).

tuberculosa, Terebra. June 1844. PZS (1843): 154; fig-

ured, Hinds in Sowerby, Thes. Conch., vol. 1, Jan.
1845: 175, pi. 43, f. 48. Panama, Gulf of Papagayo,
San Bias, 4-11 fms. 24 lin. (61 mm). B. M.. 3 syn-
types, stated to be from "Collection of Sir Edw. Bel-
cher" but labelled in the handwriting of a Cuming
assistant (the largest specimen 56mm in length).
(Plate 47, Figure 13).

varicosa, Terebra. June 1844. [Non Gmelin, 1791]. PZS

(1843): 152; figured, Hinds in Sowerby, Thes.

Conch., vol. 1, Jan. 1845: 163, text-figure. Papagayo,

23 fms. 11 lin. (28mm). B. M., 2 syntypes, "the

smaller specimen presented by Sir Edw. Belcher,"

no. 1844.6.7.88; larger shell probably from Cuming
Coll., unnumbered. [=T brunneocincta Pilsbry

& Lowe, 1932, teste Bruce Campbell, 1966, in litt.}.

(Plate 47, Figure 12).

Acteonidae

casta, Daphnella. Oct. 1844. VS: 25, pi. 7, f. 20. Gulf of

Nicoya, 23 fms. B. M., holotype, no. 79.2.26.89.

Length of original figure, 14 mm; actual length of

shell 6 mm. [The broken outer lip led to a wrong

allocation to Turridae. The apex is immersed and

the spiral sculpture pitted as in some members of

Figure 6

Daphnella casta Hinds. Camera lucida Sketch of Holotype,

with suggested original outline of broken outer lip. x 13

Pyramidellidae
;
except for its larger size the shell

could pass as Odostomia (Menestho) . However, no

Menestho has so weak a columellar fold. Thus, the

form would seem to be a slender Acteon. It is not the

abyssal A. panamensis Dall, 1908, which is propor-
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tionately much wider. The holotype is mounted much
as it was when Hinds' artist drew it; thus the photo-

graph shows the distortion that led to Hinds' assign-

ment in Turridae. I attempted in a camera lucida

drawing to tilt the mount to the correct angle to

show the aperture
;
although there is still some distor-

tion of oudine, this permits a suggestion as to the

original outline of the lip. Acteon. (Plate 46,

Figure 1; Text-figure 6).

LOCALITY INDEX

Because some of Hinds' localities are not shown on

modern maps, I have attempted to construe them from

various other sources.

Bay of Guayaquil: Gulf of Guayaquil, Ecuador

Bay of Honda : Bahia Honda, western Panama, north of

Montijo Bay

Bodegas, Russian Bodegas: California coast north of San

Francisco

Magnetic Island : Off Veragua Province, western Panama
Monte Christi: Near Manta, Ecuador

Papagayo, Gulf of : Costa Rica

Pueblo Nuevo or Nueva: Apparently in Bahia Honda
area, 8° N. Lat., although Carpenter mentions such

a place at 9° N. Lat.

Puerto Portrero: Apparently an error for "Potrero."

There is a Bahia Potrero in northwestern Costa Rica

and a Potrero Grande at 9°N. Lat. in southwestern

Costa Rica.

Quibn I. : Isla Coiba, Panama
Veragua : a province in western Panama
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The West American Marginellidae

BY

EUGENE COAN
Department of Biological Sciences, Stanford University, Stanford, California 94305

AND

BARRY ROTH
2140 Middlefield Road, Palo Alto , California 94301

(Plates 48 to 51 ; 5 Text figures)

INTRODUCTION

The generic names of the Marginellidae were recently

outlined by Coan ( 1965) in preparation for the treatment

of the family in the Treatise on Invertebrate Paleontology.

At the time of that study, we began a survey of the West

American Pleistocene and Recent species. Coan (I.e.)

included a brief, preliminary account of our thoughts on

the classification of these forms, with the opinion that

our final analysis would probably differ significantly.

This has proved to be the case.

Generic and suprageneric allocations for the West Coast

species discussed in this report are based on the above-men-

tioned review. In that paper, the genus Kogomea Habe,

1951, was used for certain of our species for the first time;

we continue that usage and introduce to West American

literature the generic name Volvarinella Habe, 1951. Ref-

erences to the original descriptions of genera may be

found in Coan (1965), while references to most of their

type species may be located through the reviews of Tom-
lin (1917 and 1919). References to all other species

discussed in this report are included in the literature

cited.

Because most of the previously published records of

the marginellids on this coast are unreliable - owing to

many misinterpretations of the species - we have based

our range reports almost entirely on material we have

actually examined. We have inspected over 950 lots of

marginellids, including all in the following collections:

Stanford University. Paleontology Division

California Academy of Sciences, Department of Geology

United States National Museum, Division of Mollusks

Santa Barbara Museum of Natural History

San Diego Natural History Museum

Los Angeles County Museum, Departments of Inverte-

brate Paleontology and Invertebrate Zoology

The Allan Hancock Foundation, University of Southern

California

and the private collections of Dr. S. Stillman Berry, Mr.

and Mrs. Crawford N. Cate, Eugene Coan, Mr.

George E Kanakoff, Mr. James H. McLean, Barry-

Roth, Dr. Donald R. Shasky, and Mr. Allyn G. Smith.

Various other persons loaned us individual lots from

their collections. Dr. Myra Keen examined, on our behalf,

the material in the Mollusca Section of the British Muse-

um (Natural History) and that in the Academy of

Natural Sciences of Philadelphia. Dr. Ruth Turner exam-

ined some lots in the Museum of Comparative Zoology,

Harvard University.

In the course of this research, we discovered a new
species of Persicula in material at the California Academy

of Sciences and at the Los Angeles County Museum.

Because the commentary we wished to make about it

was too long to fit into the present format, we published

its description in an earlier article (Coan & Roth, 1965).

The other undescribed forms which came to light during

our study were available in such small numbers that they

are not formally named, but are mentioned (and two are

illustrated) in order to alert collectors and workers. They

should not be named until adequate material is available.

We now recognize about 22 species of Marginellidae in

the Eastern Pacific, but this number will probably increase

to as many as 25 when the Panamic and Peruvian faunal

provinces are better known. Table 1 lists the genera and

summarizes the information presently available about

them.

We compare many of the West American forms to

Caribbean species, as most of the West Coast Marginel-
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lidae seem to have arrived through the once-submerged

Central American area from their probable point of

origin in the Eocene Tethys Sea of Eurasia. Many Carib-

bean forms are closely related to West American species;

in a few cases, the same species has been reported on

both sides of Central America. The Pacific Ocean islands

have few marginellids, and seem not to have contributed

to the West American fauna. There is, however, the

possibility of migrants from Japan and China around the

North Pacific, especially with regard to members of the

genera of the Cystiscinae.

We have included brief synonymies, listing original des-

criptions, first illustrations, and other papers that have

contributed new information to our knowledge of the spe-

cies in question. Measurements of type material are given,

first in millimeters, then in the units originally utilized.

We have omitted mention of several species reported

from the Eastern Pacific in error and of two species

described without locality data which Tomlin (1917)

incorrectly synonymies with West American forms.

Reviewing the West American Marginellidae has been

far more difficult than wc anticipated when we began.

Virtually every species has posed one or more problems,

some of which we could solve by studying the type speci-

mens. (Illustrations of two of Morch's types have been

provided through the courtesy of the Zoological Museum
of the University of Copenhagen. Illustrations of most of

Morch's West American types, including these two, will

be published by Dr. Myra Keen of Stanford University.)

Many forms arc rare, however, and pose questions that

must remain open until more material becomes available.

By illustrating type specimens, many for the first time,

we believe we have provided a good foundation for

further work on this family.

KEY TO THE WEST AMERICAN
MARGINELLIDAE

This key is intended for use in identifying mature, rela-

tively unworn specimens. A mature specimen is recogniz-

able by its thickened outer lip. A magnifying glass or a

binocular dissecting microscope is necessary to identify

the small members of the subfamily Cystiscinae. The key

is only partly dichotomous and consists of a part leading

to the genera followed by separate keys to identify the

species of the genera.

Table 1

Quaternary Species of West American Marginellidae, Data summarized by Genera

name
number of

species geographic range geologic range

bathymetric range

meters

Marginellinae

Marginella (Prunum)

Persicula

Volvarina (Volvarina) 2

Volvarinella

Cystiscinae

Cystiscus

Kogomea (Kogomea)

Cypraeolina

5 Guatemala to Chile

5 (6?) So. Baja Calif, to Ecuador;

Galapagos Islands

So. Calif, to Costa Rica;

Galapagos Islands

1 Galapagos Islands

4 Central Calif, to So. Baja

California

3 Central Calif, to Ecuador;

Galapagos Islands

1 Alaska to Panama

Plio. to Recent

Plio. to Recent

Low. Pleist. to Recent

Recent only

Low. Pleist. to Recent

Low. Pleist. to Recent

Low. Pleist. to Recent

Intertidal to 60

Intertidal to 80

Intertidal to 40

80 to 1300

Intertidal to 60

Intertidal to 120

Intertidal to 110

(? to 1700)

Total: 21 (22?)

Abbreviations:

Calif.

Low,

- California

— Lower

Pleist. = Pleistocene

Plio. = Pliocene

So. — Southern
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1. Spire high, a little less than half of total length

Volvarinella eremus

-. Spire low to absent 2

2. Apertuie with a distinct anterior notch, visible from dorsal

(back) view 3

- Anterior end of aperture rounded 4
3. Shell medium-sized, over 6 mm long, colored Persicula

- Shell small to minute, less than 6 mm long, white .... Kogomea
4. Shell small to medium-sized but over 6 mm long, usually

colored <•. 5
- Shell minute to small, less than 6 mm long, white 6

5. Shell more than 10 mm long, globose to ovate-elongate ....

Marginella (Prunum)
- Shell less than 10 mm long, cylindrical .... Volvarina taeniolata

6. Outer lip denticulate within, posterior end of outer lip

covering spire Cypraeolina margaritula

- Outer lip smooth within, spire low, but not covered by

outer lip Cystiscus

Persicula

1 Shell unicolored (may have faint darker banding anteriorly)

Persicula hilli

- Shell with a distinct pattern 2

2. Pattern of evenly-spaced, spiral color lines . . . Persicula bandera

- Pattern of rows of rectangular spots Persicula porcellana

- Pattern of horseshoe-shaped markings Persicula phrygia

- Pattern of wavy axial lines Persicula "frumentum"
- Pattern of spiral rows of short dashes Persicula imbricata

Kogomea

1. Spire rounded, outer lip sometimes with obscure denticles;

Costa Rica to Ecuador Kogomea minor

- Spire slightly elevated 2

2. Outer lip smooth within; San Pedro to Costa Rica

Kogomea polita

- Outer lip with denticles; Monterey to Cabo San Lucas . .

Kogomea subtrigona

Marginella (Prunum)

1. Shell pure white, globose . . . Marginella (Prunum) albuminosa

- Shell colored, ovate to ovate-elongate 2

2. Shell with brown spiral banding . . Marginella (P.) woodbridgei

- Shell without distinct banding 3

3. Shell elongate-ovate (length usually more than 1.8 times

width), outer lip smooth Marginella (P.) sapotilla

- Shell ovate, length usually less than 1.8 times width 4

4. Outer lip with teeth Marginella (P.) sp.

- Outer lip smooth Marginella (P.) curta

Volvarina taeniolata

1. Shell tinged pink; Galapagos Islands . . Volvarina taeniolata rosa

- Shell not pink; California to Costa Rica

Volvarina taeniolata taeniolata

Cystiscus

1. Shell ovate, length no more than 1.7 times width, spire low . . 2

Guatemala.

Explanation of Plate 48

Figure ii. Marginella (Prunum) albuminosa Dall. Holotype.

USNM 101068, "West Mexico," x i.i (ventral view) [USNM]
Figures 12, 13. Persicula porcellana (Gmelin), Chemnitz (1788),

figures 1419 and 1420, Spengler collection, x 1 (?) (ventral and
dorsal views) [COPIES]

Figures 14, 15. Persicula porcellana, Neotype of Voluta porcellana

Gmelin and Lectotype ot Marginella tessellata Lamarck, Mus.
Hist. Nat. Geneva. Lamarckian collection, no locality given in

original, x 2.4 (ventral and dorsal views) [EB-PM]
Figures 16, 17. Persicula porcellana. Hypotype, SUPTC 9840, Isla

Coiba, Panama, coll. by James Zetek, x 2.8 (ventral and dorsal

views) [JM]

Figure 18. Persicula imbricata (Hinds). Lectotype (in center) and
2 paralectotypes, BM (NH), Acapulco, Guerrero, Mexico, x I <?

[MK]
Figures 19, 20. Persicula imbricata. Holotype (?) of Marginella

vautieri Bernardi. Loc. unknown, Bernardi (1853: figs. 13, 14).
X2 (ventral and dorsal views) [COPIES]

Abbreviations in Plate Explanations

Academy of Natural Sciences, Philadelphia, lot no. [EB-PM] _ photographs courtesy of Dr. Eugene Binder, pro-
cessed by Mr. Perfecto Mary

[JM] - photograph (s) by Mr. James H. McLean
[KVWPJ - photograph (s) courtesy of Dr. Katherine Van

Winkle Palmer

LACM - Los Angeles County Museum, type lot no.
[LGH] - photographs courtesy of Dr. Leo G. Hertlein

Figure 1. Marginella (Prunum) sapotilla Hinds. Lectotype, British

Museum (Natural History). Panama, x 1.3 (ventral view) [MK|
Figures 2, 3. Marginella (Prunum) sapotilla. Hypotype, SUPTC

9839, Balboa Yacht Club, sandbar, Balboa, Canal Zone, Panama,
coll. by Mr. Beil, Feb. 1954, x 2.0 (ventral and dorsal views) [JM]

Figure 4. Marginella (Prunum) curta Sowerby, Hypotype, BM
(NH), Paita, Peru, d'Orbigny collection, x 1 (?) (ventral view)

[MK]

Figures 5, 6. Marginella (Prunum) curta, Hypotype, CASGTC
12748, CAS Loc. 36671, Paita. Peru, coll. by Don L. Frizzell,

'937-'938 . x 2.1 (ventral and dorsal views) [MK]
Figures 7, 8. Marginella (Prunum) sp. Hypotype, CASGTC 12749,
CAS Loc. 27557, off Puntarenas, Costa Rica, x 2.1 (ventral and
dorsal views) [MK]

Figures 9, 10. Marginella (Prunum) woodbridgei Hertlein &
Strong, Holotype, CASGTC 7253, CAS Loc. 29042, San Jose,

1.8 (ventral and dorsal views) [LGH]

ANSP
BM (NH) - British Museum (Natural History,

CAS Loc. - California Academy of Sciences Locality no.

CASGTC - California Academy of Sciences Geology Typ
Collection no.

[COPIES] - original illustrations reproduced by photocopy
machine
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- Shell elongate, almost cylindrical, length twice width or

more, spire slightly elevated 3

2. Shell thick; Monterey to Pacific coast of Baja California

Cystiscus jewettii

- Shell thin, translucent; southern Gulf of California

Cystiscus sp.

3. Outer lip most thickened posterior to center of aperture;

Santa Barbara to Cabo San Lucas (common)

Cystiscus politulus

- Outer lip thickest near center of aperture; San Diego .

.

(rare) Cystiscus myrmecoon

volutacea

Marginellidae Fleming, 1828

Shells medium-sized to minute; spire absent to variable

in height; surface smooth, highly polished in most; white

or brightly colored
;
sculpture wanting or limited to axial

plications on shoulder; aperture normally narrow, but

sometimes flaring; outer lip thickened in most, smooth,

dentate, or even serrate; anterior canal variable in depth;

columella with about four folds, mainly on anterior half,

but often grading into denticles posteriorly. Operculum

wanting. Foot of animal large
;
siphon long, without modi-

fications; tentacles variable in length; eyes on bases of

tentacles; extended mantle covering most of shell; pro-

boscis extensible. Radula reduced to a single rachidian

plate, either flat or arched, with few to many cusps;

cusps somew hat variable in size ; Eocene to Recent.

Marginellinae Fleming, 1828

Shells medium-sized to small; radular tooth with fewer

than 50 cusps; usually brightly colored.

Marginella Lamarck, 1799

Type species: Voluta glabella Linnaeus, 1758; mono-

typy.

Spire medium to low, outer lip smooth or denticulate.

(Prunum) Herrmannsen, 1852

Type species: Voluta prunum Gmelin, 1791; monotypy

and tautonymy.

Spire present but low; aperture relatively narrow; outer

lip thick, smooth or denticulate within; anterior notch

shallow.

Marginella (Prunum) sapotilla Hinds, 1844

(Plate 48; Figures 1 to 3; Text figure 1)

Marghiella sapotilla Hinds, 1844 a: 74

—
,
Hinds, 1844b: 45 (species 185); pit. 13, figs. 10, 11

—
,
Dall, 1909: 211

— , Keen. 1958: 434; fig. 671 (after Hinds, 1844b)

Marginella evax Li, 1930: 270-271; pit. 7, fig. 58

— ,
Pilsbry, 1931: 433

Types: M. sapotilla -British Museum (Natural Histo-

ry). The lectotype we have selected is illustrated here.

This leaves 2 paralectotypes on cither side of it on the

card labeled "M. C, Panama, 5-13 f. sandy mud" and

three on another card labeled "M. C. Panama, H. C.

;

M. n. sp."

M. evax - Columbia University, Paleontology Collec-

tion, no. 22118. We hereby designate the specimen

illustrated by Li (1930) as lectotype. This leaves 40 para-

lectotypes, not 5 as implied by Pilsbry (1931). One of

these specimens is a mature adult of only 16.5mm in

length.

Type localities: M. sapotilla - Panama, 5 to 13 fms., on

sandy mud.

M . evax - Panama Bay, about one mile off mouth of

Panama Canal, on mud, 10 to 40 feet; collected by

Donald F. MacDonald in 1907.

Sizes: M. sapotilla -23.3 mm [11 lines] long (given by

Hinds, 1844a). Our lectotype is 25mm long (measured

by Dr. Keen)

.

M. evax - 27 mm long and 13 mm wide (given by Li)

.

We measured it as 28.2 mm long and 13.8mm wide.

Diagnosis: Shell medium-sized, elongate-ovate; ashy-yel-

low, sometimes with very faint spiral banding; tinged

with dull orange on outside of outer lip and along anterior

margin; spire moderately elevated; aperture narrow,

brown within; outer lip moderately thickened by white

callus, smooth within ; translucent to white callus restricted

to a small patch on inner lip a little posterior from center

;

columella with four oblique, nearly-parallel folds.

Range and Ecology: Bahia Honda to Bella "Vista, Panama,

probably as far south as Ecuador, but Dall's (1909)

record from Peru is probably of the next species. It is

found intertidally to 60 meters on mud bottoms. Olsson

Figure i

Rachidian radular plate of Marginella (Prunum) sapotilla Hinds.

Hypotype. Calif. Acad. Sci. Invert. Zool. no. 233 (Type Slide Series

no. 301 ), Isla Otoquc, Bahia de Panama, 10 m, coll. by James H.

McLean and Eugene Bergeron, June 1965, x 60 (each plate is about

0.8 mm across)
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(1942) has reported this form from the Pliocene and

Pleistocene of Panama. We have examined 23 lots.

Discussion: Marginella sapotilla has a very close Carib-

bean analogue, M. prunum (Gmelin, 1791), type of the

subgenus Prunum. It differs from this species in being

more solid and cylindrical and in having a narrower

aperture. In addition, the outer lip of the Caribbean

form is more produced posteriorly. There have been

reports of M. sapotilla from the West Coast as M. prunum
and as M. caerulescens Lamarck, 1822, a synonym of

the latter.

Marginella (P.) godini Olsson, 1964 (p. 133, pit. 23,

figs. 10, 10a), described from the Esmeraldas Formation

(probably Pliocene) at Quebrada Camarones, Ecuador,

is very similar to M . sapotilla but was described as having

a more elevated spire and a body whorl more contracted

at its base. These characteristics, however, appear in

some live-collected specimens.

Illustrations: Lectotype of M. sapotilla -Plate 48,

Figure 1.

Hypotype, Stanford Univ., SUPTC no. 9839 - Plate 48,

Figures 2-3 (from Stanford general collection, lot

no. 47804).

Rachidian radular plate, Calif. Acad. Sci. Dept. Invert.

Zool., hypotype no. 233 (Type Slide Series no. 301)

— Text figure 1.

Marginella (Prunum) curta Sowerby, 1832

(Plate 48; Figures 4 to 6)

Marginella curta Sowerby, 1832: 105

— Kiener, 1834: 12-13 (species 15) ;
pit. 7, fig. 30

— Dall, 1909: 211

—
, Olsson, 1924: 123

—
,
Keen, 1958: 434; fig. 670 (from Berry coll., taken at Paita,

Peru: not from Stanford coll. as stated on p. 552)

Types: On two recent trips to the British Museum (Natu-

ral History), Dr. Myra Keen was unable to locate,

specimens from either type locality. The types are appar-

ently lost. There are, however, 7 specimens on one card in

the British Museum from d'Orbigny material from which
\vc have illustrated one specimen. This could be a neotype

if the status of the species ever becomes unclear. It is the

second from the right in the top row on the card.

Type localities: Iquique, Chile, and Paita, Peru.

Size: 20.3 mm [.8 poll.] long and 11.4mm [.45 poll.]

wide (given by Sowerby).
Diagnosis: Shell medium-sized, ovate, narrower anteri-

orly; ashy yellow, with faint spiral banding; tinged with
dull orange on outside of outer lip and along anterior

margin; spire low; aperture fairly narrow, wider anteri-

orly, brown within; outer lip thickened by a white callus,

especially near middle of aperture, smooth within; trans-

lucent to white callus on inner lip, sometimes forming a

pad near the shoulder of the whorl; columella with four

diverging folds, the most posterior nearly perpendicular to

aperture; base of columella flattened.

Range and Ecology: Manta, Ecuador, to Iquique, Chile,

but possibly as far north as southern Panama. Dall ( 1909

)

reported this species from the Gulf of California, probably

in error; there are no specimens in the National Museum
collection from farther north than Peru. Found from 2 to

20 meters, on sand. We have examined 27 lots.

Discussion: Marginella curta is shorter than M. sapotilla,

the callousing around the aperture is heavier, and the

columellar folds splay out to a greater degree on the body

whorl. The base of the columella is slightly flattened,

while it is not in M. sapotilla.

Marginella cincta Kiener, 1834 (p. 21; pit. 8, fig. 32)

appears to be a Caribbean analogue, although it was de-

scribed from an unknown location. We have seen speci-

mens attributable to this species from the east coast of

Mexico and Olsson & McGinty (1958) have reported

it from the east coast of Panama. Marginella curta differs

from M. cincta in having a wider aperture anteriorly

and in not having the outer lip produced to as great a

degree posteriorly.

Marginella curta is also similar to M. incrassata Nel-

son, 1870, reported and figured from the Miocene of

northern Peru (Olsson, 1932) and reported from the

Pliocene of western Ecuador (Pilsbry & Olsson, 1941).

Illustrations: Hypotype, British Museum (Natural His-

tory) - Plate 48, Figure 4.

Hypotype, Calif. Acad. Sci., CASGTC no. 12748 -Plate

48, Figures 5-6.

Marginella (Prunum) sp.

(Plate 48; Figures 7 to 8)

Among our notes on Marginella (Prunum) curta in the

collections we examined was mention of one lot in the

California Academy of Sciences from Costa Rica. Seeking

to verify this apparent range extension, we borrowed the

two specimens comprising the lot. Upon reexamination,

these proved to be something very different. We have

illustrated the more complete of the two specimens.

Locality: CAS loc. 27557, dredged "just off" Puntarenas,

Costa Rica, "hauls 1R and 3R," 1 July 1932, Templeton-

Crocker Expedition of the California Academy of Sci-

ences. The data for the dredge hauls made during this

day of the expedition are incomplete as to exact latitude

and longitude. These specimens probably came from only
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one of the two mentioned hauls, but we cannot be sure

which one. Dr. Leo G. Hertlein was able to find out

that the last of three dredge hauls was made by 1 1 : 30

a. m. and that the expedition was at 10° 03' N latitude by

12:00 noon. This means that these specimens are from

somewhere along the route of the expedition on the

morning of 1 July, between Puntarenas in the Golfo de

Nicoya, around the Peninsula de Nicoya, and north to the

latitude mentioned on the outer coast of the peninsula.

Size: The figured specimen is 18.2mm long and 12.1mm

wide. The unfigured specimen is 18.7 mm long, but is too

broken for us to measure its width.

Diagnosis: Shell medium-sized, broadly ovate, narrower

anteriorly; pale brownish-orange, with white callus; spire

slightly elevated; aperture narrow, even, white within,

with a deep posterior canal; outer lip greatly thickened

with callus, which also extends up alongside spire; inner

margin of outer lip finely denticulate along its entire

length, most evident anteriorly; inner lip with a thick,

lumpy callus which extends well onto body whorl; colu-

mella with four folds of equal size, diverging as they pass

onto body whorl.

Discussion: The chief differences of this species from

Marginella (Prunum) curta are as follows:

Table 2

M. (P.) curta M. (P.) sp.

Aperture

:

wide, widest at base narrow, even

Outer lip: moderately thick- very thick, finely

ened, smooth toothed

Outline

:

shoulder posterior shoulder near center,

of center, length length 1 .5 x

{our hypotype) 1.6 width

x width

Callus on smooth, thin (except lumpy, thick

inner lip: posterior pad

)

The specimens are dead and badly worn, and, although

they were dredged, it is possible that they are fossils. For

this reason, we hesitate to give the form a name, as there

are similar species reported from the Miocene and Plio-

cene of the Caribbean area. These are discussed by Wood-
ring (1928: 238-239). For instance, such a form is illus-

trated as "Marginella coniformis Sowerby, 1850," from
the Gatun Formation on the Isthmus of Panama by

Brown & Pilsbry (191 1 ) ; the anterior end of the outer

lip of the present specimens seems to be more sinuate than

that in the shell illustrated by these authors.

Future collecting in the area will probably show whether

these specimens represent a living species or are from an

off-shore Miocene or Pliocene outcrop.

Our placement of this species in the subgenus Prunum

is provisional only. Because of its denticulate outer lip

it approaches Euryentome Cossman, 1899, but the type

species of that subgenus has a deep anterior canal. The

presence or absence of denticulation on the outer lip does

not seem to be of great taxonomic significance in this

family, so we feel its allocation to Prunum is probably

best. There are members of the latter subgenus in the

Caribbean which resemble the present species in the

narrowness of the aperture.

Illustrations: Hypotype, Calif. Acad. Sci., CASGTC no.

12749 -Plate 48, Figures 7-8 (Unfigured specimen:

CASGTC no. 12750).

Marginella (Prunum) woodbridgei

Hertlein & Strong, 1951

(Plate 48; Figures 9 to 10)

Marginella woodbridgei Hertlein & Strong, 1951: 80; pit. 26,

figs. 3, 4

—
,
Keen, 1958: 434; fig. 672 (specimen from Berry coll.)

Types: Holotype, Calif. Acad. Sci., CASGTC no. 7253;

paratype, CASGTC no. 7254.

Type Locality: CAS loc. no. 29042, San Jose, Guatemala;

collected by Woodbridge Williams in April, 1937.

Size: 12.5 mm long and 7.2mm wide (holotype, as given

by Hertlein & Strong).

Diagnosis: Shell small, ovate; slate colored, with two

poorly-defined narrow darker bands; apex orange with

traces of same color on outside of outer lip, along sutures,

and between the white columellar folds; spire low, sutures

edged with white; aperture narrow, brown within; outer

lip thickened with white callus, smooth within; columella

with four parallel, sharply-descending folds.

Range: This species has been collected only at San Jose,

Guatemala at a depth of 23 m. We have seen 8 lots.

Discussion: Hertlein & Strong suggest that M . storeria

Couthouy, 1837, may be a Caribbean analogue. Another

related form from the same area seems to be M. apicina

Menke, 1828. We are unsure of the relation between

these two East Coast species.

Illustrations: Holotype -Plate 48, Figures 9-10.

Marginella (Prunum) albuminosa Dall, 1919

(Plate 48; Figure 11)

Marginella albuminosa Dall, 1919: 306-307

— Keen, 1958: 433; fig. 668 (holotype)
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Type: USNM no. 101068 (unique holotype).

Type Locality: "West Mexico, received from Prof. Alfred

Duges."

Size: 27mm long and 14mm wide (holotype, as given by

Dall).

Diagnosis: Shell medium-sized, broadly ovate, thin for its

size; creamy white; slightly yellow on spire, on base of

columella, and outside of outer lip; spire low; aperture

wide, white within; outer lip with a narrow thickening,

smooth within; columella with four oblique, widely-

spaced folds.

Discussion: The outer lip is thinner and the aperture wider

than in either M. sapotilla or M. curta.

The species has not been reported since its description

and may belong in some other geographic province.

Illustration: Holotype - Plate 48, Figure 11.

Persicula Schumacher, 1817

Type species: Persicula variabilis Schumacher, 1817

(= Voluta persicula Linnaeus, 1758) ; monotypy.

Shell medium-sized to small; spire low, usually con-

cealed; outer lip usually denticulate; aperture narrow,

curved, with a notch at its anterior end.

No West Coast forms closely resemble Persicula persi-

cula (Linnaeus, 1758), the West African type species of

the genus. Because of the gradation among the members

of this genus from forms resembling P. persicula to forms

resembling P. interruptolineata (Megerle, 1816), type

(by monotypy) of Rabicea Gray, 1857, Coan (1965)

considered the latter genus to be synonymous with Persi-

cula. We have followed that synonymy, but consider our

species to be closer to the Rabicea end of the spectrum.

Persicula poreellana (
Gmelin, 1791)

(Plate 48; Figures 12 to 17)

Voluta porcellana Gmelin, 1791: 3449 (species 139)

Marginella porcellana (Gmelin), Reeve, 1864: pit. 13, figs.

53 a, 53 b

Persicula porcellana (Gmelin), Keen, 1958: 436; fig. 680

(after Kiener, 1834)

Marginella tessellata Lamarck, 1822: 361-362 (species 24)

—
,
Kiener, 1834: 24 (species 33) ;

pit. 5, fig. 20

Types: Persicula porcellana - Gmelin (1791) cites

Chemnitz (1788, vol. 10; pit. 150, figs. 1419 and 1420).

We reproduce both of these figures here. When Dr. Myra
Keen was at the University of Copenhagen in 1965, she

made an attempt to find the specimen from the Spengler

collection upon which was based the Chemnitz illustrations.

A label was present, but persistent searching failed to

produce the specimen which originally went with the label.

Thus, the specimen seems to be lost.

When we studied the Chemnitz figures, we considered

the possibility that the specimen might have been a

Explanation of Plate 49

Figures 21. 22. Persicula imbricata. Holotype of P. dubiosa Dall,

USNM 56775, Acapulco. Guerrero, Mexico, x 4.1 (ventral and
dorsal views) [ventral - JM ; dorsal - MK]

Figures 23, 24. Persicula imbricata. Holotype of P. adamsiana Pils-

bry & Lowe, ANSP 155338, Bahia Montijo, Panama, x 3.6

(ventral and dorsal views) [RR]

Figures 25a-c. Persicula imbricata. 3 Hypotypes, SUPTC 9842,
Puerto Guatulco, Oaxaca, Mexico, x 2.6 (ventral view) [MK]

Figures 26, 27. Persicula imbricata. Hypotype. SUPTC 9843, Aca-
pulco, Guerrero, Mexico, coll. by Ralph Arnold, x 3.1 (ventral
and dorsal views) [JM]

Figures 28. 29. Persicula imbricata. Hypotype. CASGTC 12751.
CAS Loc. 27202, Acapulco, Guerrero, Mexico, beaches and shal-

[MK] - photograph (s) by Dr. A. Myra Keen
[NMW] - photographs courtesy of National Museum of

Wales

[PM] - photograph (s) by Mr. Perfecto Mary
[RR] - photographs by Dr. Robert Robertson
[RTj - photograph courtesy of Dr. Ruth D. Turner

SUPTC - Stanford University Paleontology Type Collectic

low dredgings, coll. by Leo G. Hertlein, 1931, x 7.1 (ventral and

dorsal views) [MK]
Figures 30, 31. Persicula imbricata. Hypotype, CASGTC 12752,

CAS Loc. 27217, Tenacatita, Jalisco, Mexico, beach on the north

side of bay, coll. by Leo G. Hertlein, 10- 11 December 1931, x 3,

(ventral and dorsal views) [MK]
Figures 32, 33. Persicula imbricata. Hypotype. CASGTC 12753,

CAS Loc. 29042, San Jose, Guatemala, 20-301T1, coll. by Wood-
bridge Williams, April 1937, x 3 (ventral and dorsal views) [MK]

Figures 34, 35. Persicula interruptolineata (Megerle, 1816). Me-
gerle's original figures, x 3.4 (ventral and dorsal views)

[COPIES]

Figures 36, 37. Persicula interruptolineata. Hypotype. SUPTC 9841,
Bahia Santa Marta, Colombia, Caribbean coast, coll. by C. E.

Baker, x 3.3 (ventral and dorsal views) [JM]

USNM - United States National Museum, Division of Mol-

lusks, collection

[USNM] - photogaph courtesy of USNM, Division of Mol-

lusks

[ZMUC] - photograph courtesy of Zoological Museum, Uni-

versity of Copenhagen
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form of the variable Caribbean Persicula interrupolineata

(Megerle, 1816) in which the bands were broken up into

patches. We have seen such a specimen of this species in

the Stanford collection (no. 37656). The specimen illus-

trated in the Chemnitz figures seems to have more rows of

spots and is broader than any specimens of P. porcella-

spots and to be broader than any specimens of P. porcella-

na we have examined. Gmelin's description does not add

any important information. In the interest of the stability

of both West American and Caribbean nomenclature,

we hereby designate a neotype for Gmelin's species, this

being the same specimen we have illustrated and desig-

nated as a lectotype of Lamarck's Marginella tessellata.

M. tessellata - Museum d'Histoire Naturelle, Geneva.

There is one specimen in the lot. We are hereby desig-

nating this specimen as a lectotype of Lamarck's species

and as the neotype of Persicula porcellana, for the reasons

presented above.

Type Localities: P porcellana - Indian Ocean, evidently

in error.

M . tessellata - None given in original description.

Sizes: P. porcellana - None given in original description.

M. tessellata -16.9 mm [7.5 lignes] long (given by

Lamarck). The lectotype we have illustrated measures

16.5 mm long and 10mm wide (calculated by Dr.

Binder).

Diagnosis: Shell medium-sized, ovate; tan, with 10 to 13

regular spiral rows of brownish-red, rectangular spots;

spire low, covered with enamel; heavy tan callus on inner

lip, thinner on outer lip; aperture even, notched at its pos-

terior end, with a deep, oblique canal at anterior end from

which a ridge extends spirally around the base of body

whorl ; inner margin of outer lip of mature specimens finely

denticulate; columella with 5 main folds and finer ones

posteriorly, the second most anterior fold widest and bifid.

Range: To our knowledge, this species has been taken

only in Panama, in the area between Golfo de Montijo and

and Islas Coiba and Jicaron. It has been reported on

the Caribbean side of Panama (Sowerby, 1846 b, and

Redfield, 1870b), but we have not found any specimens

from this area in the collections we have examined. We
have seen 10 lots.

Discussion: If material positively known to be from the

Caribbean comes to light, an examination will have to be

made to determine whether analogous forms are involved

or the same species occurs on both sides of Panama.
Illustrations: Chemnitz's figures - Plate 48, Figures 12-13.

Neotype of Persicula porcellana, Lectotype of Margin-

ella tessellata -Plate 48, Figures 14-15.

Hypotype. Stanford Univ., SUPTC no. 9840 Plate

48, Figures 16-17 (from Stanford general collection

lot no. 46552).

Persicula imbricata (Hinds, 1844)

(Plate 48; Figure 18; Plate 49; Figures 19 to 33)

Marginella imbricata Hinds, 1844a: 76

—
,
Sowerby, 1846a: 396 (species 86) ;

pit. 78, figs. 211, 212

Persicula imbricata (Hinds), Keen, 1958: 435; fig. 677 (line

drawing, SUPTC no. 9850, from Stanford general coll. lot

no. 33299 from Oaxaca, Mexico)

Marginella vautieri Bernardi, 1853: 68: pit. 2, figs. 13, 14

Persicula dubiosa Dall, 1871: 103-104; pit. 15, fig. 17

— Keen, 1958: 435; fig. 674 (line drawing after Dall, 1871)

Persicula (Rabicea) adamsiana Pilsbry & Lowe, 1932: 62; pit.

4, fig. 9

—
,
Keen, 1958: 434; fig. 673 (line drawing after Pilsbry &

Lowe, 1932)

Types: P imbricata - British Museum (Natural History)

.

We hereby designate the specimen we have illustrated as

lectotype, leaving two specimens on either side of the

lectotype on the same card as paralectotypes. The card

is labeled "M. C, Acapulco, Col. Moffat" on the back

and "Maracaibo" (in error) on the front.

M . vautieri - Type probably lost (letter of 3 Sept.

1964 from Dr. Edouard Fischer-Piette)

.

P. dubiosa - USNM no. 56775 (holotype).

P. adamsiana - Acad. Nat. Sci. Philadelphia, no. 155338

(holotype) ; San Diego Soc. Nat. Hist, type collection, no.

773 (paratype).

Type Localities: P imbricata - Acapulco, Guerrero,

Mexico; collected by Col. Moffat.

P. vautieri - None given in original description.

P. dubiosa - Acapulco, Guerrero, Mexico, "from a

bushel of fragments and beach-worn shells, purchased by

me . . . , in October, 1868."

P. adamsiana -Bahia Montijo, Republic of Panama:

collected by H. N. Lowe.

Sizes: P imbricata - 10.6mm [5 lines] long (given by

Hinds). Our lectotype is very close to this size (measured

by aid of ruler photographed with types)

.

M . vautieri - 1 1 mm long and about 4.75 mm wide

(given by Bernardi).

P. dubiosa -7.6mm [.3 in.] long and 5.1mm [.2 in.]

wide (holotype, as given by Dall).

P. adamsiana -8.4mm long and 5.3 mm wide (holo-

type, as given by Pilsbry & Lowe).
Diagnosis: Shell small to medium-sized, ovate to ovate-

elongate; white to yellowish-white ground color, with a

pattern of reddish-brown dashes of varying lengths and

widths, arranged in spiral bands, and, to a lesser degree,
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in axial columns; most often with two bands of heavier

dashes placed so as to divide the shell into thirds; base of

columella tinged with brown
;
spire naked to covered with

a callus pad, raised in occasional specimens, circled by a

ring of brown markings; outer lip heavily calloused,

white, often streaked with light to dark brown outside,

finely denticulate within; inner lip with a white callus,

thicker anteriorly; aperture even and narrow, with a

deep, oblique anterior notch; columella with four main

folds, often with additional ones posteriorly, the second

most anterior broad and bifid.

Range: Cabo San Lucas, Baja California, and Tenaca-

tita, Jalisco, Mexico, to La Libertad, Ecuador, and the

Galapagos Islands; 14 to 60 meters; Pleistocene of Ecua-

dor (
Hoffstetter, 1952) . We have examined 40 lots.

Discussion: This complex of names has been our most

difficult problem. We hopr we have solved it correctly,

but material is sufficiently rare in collections that we
may not yet have the complete story. Our conclusion is

that there is one species on this coast which has a wide

degree of variation among populations, but that none of

the populations is isolated enough to be regarded as a

subspecies. In this way, the form is similar to its Caribbean

analogue, Persicula interruptolincata, which also has been

excessively named, as we will show.

We have seen specimens close to the lectotype of

Persicula imbricata from the Acapulco area. For this

reason, we are fairly sure that Hinds' cited locality is

correct and that we are recognizing, in the area of the

type locality, what Hinds intended, but we also have,

from offshore, many small but mature specimens of a

form that, except for its smaller size and slightly different

patterning, is not separable from Hinds' specimens. This

smaller form is very close to the type of P. adamsiana,

described from Panama. As further evidence of the inter-

gradation from elongate specimens to smaller, more ovate

specimens, we have illustrated three specimens of different

lengths from a lot from Bahia Guatulco, Oaxaca, Mexico.

We have also illustrated both an elongate and a short

form from the Acapulco area, and an elongate specimen

from Bahia Tenacatita, Jalisco, Mexico, north of Aca-

pulco.

Dall's species, Persicula dubiosa, was based on a badly-

worn specimen from Acapulco. The fact that it came
from Acapulco at once makes us question its distinctness.

Photographs of the type confirmed our suspicions, but we
also borrowed the specimen because the pictures failed

to bring out certain critical features. It is, in most respects,

similar to the small specimens from the Acapulco area,

the only major difference being the color patterning.

Persicula imbricata mas occasionally be dark colored; to

illustrate this point, we have chosen a specimen from San

Jose, Guatemala. In the Stanford University collection

(no. 50248) there is a specimen of P. interruptolineata

from the Caribbean coast of Venezuela. On it, the "short

brown dashes" have fused together until one could best

describe the shell as being brown, with white bars and

streaks - approximately the words with which Dall

described his P. dubiosa. The reader will note, in our illus-

trations of the holotype, a trace of the small brown spots

encircling the spire and on the base of the columella.

These are also to be found on specimens of more typical

P. imbricata.

Marginella vautieri was described without a locality,

but the figures indicate that it is probably a synonym of

Persicula imbricata, this first recognized by Redfield

(1870). The spire in Bernardi's specimen is unusually

high and the patterning is not typical. Since the type is

evidently no longer available, this synonymy cannot be

further verified.

A few words should be said with regard to the Carib-

bean form. Lamarck (1822) redescribed it as Marginella

interrupta. It was apparently many years before workers

rediscovered and began using Megerle's name. We have

copied herein Megerle's original figures, as they are not

readily available. The Caribbean form differs from Per-

sicula imbricata in being more ovate and thickened. The

color patterning varies to an even greater extent than the

West American form. Olsson & McGinty (1958) have

described a subspecies, P. adamsiana weberi, from the

eastern coast of Panama, but they did not compare it

with P. interruptolineata. Their form appears to be a juve-

nile specimen of the latter. Weisbord (1962) has appar-

ently provided two other names for the Caribbean form,

Persicula (Rabicca) interrupta mareana and P. (R.) hod-

soni, both from the Lower Mare Formation [Late Plio-

cene or early Pleistocene] of Venezuela. We include an

illustration of the Caribbean form for comparison. There

are several other names referable to this species.

Illustrations: Lectotype and paralectotypes of P. imbricata

- Plate 48, Figure 18.

Original illustrations of M. vautieri - Plate 49, Figures

19-20.

Holotype of P. dubiosa - Plate 49, Figures 21-22.

Holotype of P. adamsiana - Plate 49, Figures 23-24.

Hypotypes (3) from Bahia Guatulco, Stanford Univ.

SUPTC no. 9842 - Plate 49, Figures 25 (a-c) (from

Stanford general collection lot no. 50264).

Hypotype from Acapulco, Stanford Univ., SUPTC no.

9843 -Plate 49, Figures 26-27 (from Stanford gen-

eral collection lot no. 26509).
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Hypotype from Acapulco, Calif. Acad. Sci., CASGTC
no. 12751 -Plate 49, Figures 28-29.

Hypotype from Tenacatita, Calif. Acad. Sci., CASGTC
no. 12752 - Plate 49, Figures 30-31.

Hypotype from San Jose, Guatemala, Calif. Acad. Sci.,

CASGTC no. 12753 -Plate 49, Figures 32-33.

Original illustrations of P. interruptolineata -Plate 49,

Figures 34-35.

Hypotype of P. interruptolineata, Stanford Univ., SUPTC
no. 9841 -Plate 49, Figures 36-37.

Persicula bandera Coan & Roth, 1965

(Plate 50; Figures 38 to 39)

Persicula bandera Coan & Roth, 1965: 67-69; pit. 12, figs.

1-5 (holotype)

Types: Holotype, Los Angeles County Museum, no. 1 141

;

paratypes widely distributed.

Type Locality: Bahia de las Banderas, Nayarit-Jalisco

border, Mexico, 3 meters, on mud; collected by Mr. and

Mrs. Cornelius Willis.

Size: 12.5mm long and 8.4mm wide (holotype).

Diagnosis: Shell medium-sized, ovate, narrower anterior-

ly; yellowish-tan, with 15 to 17 brown spiral color lines

spaced at regular intervals; entirely covered by a glaze of

translucent grey enamel ; outer lip calloused, white, tinged

on the outside with brown; inner lip covered by white

callus; spire low, covered by enamel, circled by a ring of

merging brown blotches; aperture narrow, even, with a

notch at the posterior end and a deep, oblique anterior ca-

nal; aperture white within; fine denticulations on inside

margin of outer lip ; columella with four folds, the second

most anterior widest and bifid.

Range: This species has been taken only in Bahia de lag

Banderas, although shells pierced for stringing as beads

have been found among Indian remains at Casas Grandes,

Chihuahua, Mexico. We have seen 4 lots.

Illustrations: Holotype -Plate 50, Figures 38-39.

Persicula hilli (Smith, 1950)

(Plate 50; Figures 40 to 41)

Marginella hilli Smith, 1950: 61; pit. 4, fig. 6

Persicula hilli (Smith), Keen, 1958 : 435; fig. 676 (specimen

in Berry coll.)

Type: According to Dr. Joshua L. Baily, Jr., Smith's

type material is in the University of Alabama. We have

thus far received no reply from that institution to our

letters of inquiry.

Type Locality: Bahia Chamela, Jalisco, Mexico.

Size: 15 mm long and 10 mm wide (holotype, as given by

Smith).

Diagnosis: Shell medium-sized, ovate, narrower anteri-

orly; grey, with indistinct darker grey spiral banding,

especially anteriorly
;
body whorl crossed by distinct growth

lines; outer lip thickened, white, tinged on outside with

yellow-brown
;
spire slightly elevated, but covered with en-

amel, circled by a chocolate-brown band; aperture nar-

row, slightly wider anteriorly, notched at the posterior

end, with a deep, oblique anterior canal; outer lip finely

denticulate; inner lip with a white callus; columella with

five distinct folds, the second most anterior widest and

bifid.

Range: Collected only at the type locality, from 30 to 80

meters. We have seen 3 lots.

Discussion: We know of no Caribbean analogue. It is

interesting to note that both this species and Persicula

bandera have been found only in single bays on the Mexi-

can coast, while P. imbricata is widely distributed and

very variable.

Illustrations: Hypotype, Calif. Acad. Sci., CASGTC
no. 12754 -Plate 50, Figures 40-41.

Persicula phrygia (Sowerby, 1846)

(Plate 50; Figures 42 to 44)

Marginella phrygia Sowerby, 1846b : 394 (species 79) ;
pit. 78,

figs. 218, 219

— Reeve, 1865: pit. 15, fig. 67

Persicula phrygia (Sowerby), Keen, 1958: 435; fig.. 679

(composite line drawing, Stanford general coll. lot no.

33307, from Oaxaca, Mexico)

Types: Holotype, British Museum (Natural History), no.

80.9.18.6, mounted on a card labeled "California" with

three other specimens, possibly paratypes. The holotype is

marked with an "x" and is the second from right.

Type Locality: None given in original description. Reeve

(1865) first attributes this form to the West Coast.

Size: 6.5mm long and 4.2 mm wide (based on ruler photo-

graphed with type specimens).

Diagnosis: Shell small, ovate, slightly narrower anteriorly

;

white or pale straw-colored, with reddish-brown markings

in the shape of horseshoes, opening to the right, arranged

in rows both spirally and axially; markings on the peri-

phery and just above anterior canal usually largest and

darkest; no callus over spire; inner lip with a weakly-

developed white callus; aperture narrow, a little wider

anteriorly; anterior end with an oblique notch - outer Up

finely denticulate; columella with four main folds and

finer ones posteriorly, second most anterior the strongest.

Range: Bahia Magdalena and La Paz, Baja California,
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and Las Tres Marias, Nayarit, Mexico, to Panama, prob-

ably to Ecuador, and on several of the Galapagos Islands;

(?) Pliocene of the Galapagos Islands (CAS 27249 and

27250); Pleistocene of Las Tres Marias (Hertlein,

1934). Intertidal to 20 meters. We have seen 39 lots.

Discussion: There seem to be three related Caribbean

forms, but there is taxonomic confusion surrounding them.

These are Persicula maculosa (Kiener, 1834), discussed

below, Marginella sagittata Hinds, 1844 a, and Persicula

swainsoniana (Petit, 1851) [nom. nov. pro Marginella

guttata Swainson, 1830, not M. guttata Link, 1807, nor

M. guttata (Dillwyn, 1817)]. Redfield (1870a), fol-

lowed by Tomlin (1917), suggested that P. swainsoniana

is a synonym of P. phrygia, and Redfield (/. c.) proposed

Marginella calculus for the Caribbean species. Swain-

son's figure, however, shows that his species is closer to

the Caribbean form, as its spire is covered by callus, and

its spots are too elongate and do not form two darker bands

dividing the body whorl into thirds. We suspect that M,
swainsoniana is an earlier name for Redfield's species, but

a neotype may have to be designated for Swainson's

species to stabilize the nomenclature.

Illustrations: Holotype and possible paratypes - Plate

50, Figure 42.

Hypotype, Stanford Univ., SUPTC no. 9844 - Plate 50,

Figures 43-44 (from Stanford general collection lot

no. 50335).

Persicula frumentum (Sowerby, 1832)

(Plate 50; Figures 45 to 47)

Marginella frumentum Sowerby, 1832: 57

— ,
Sowerby, 1846b: 393 (species 75) ; pit. 78, figs. 221, 222

—
,
Tomlin, 1917: 267

Persicula frumentum (Sowerby), Keen, 1958: 435; fig. 675

(line drawing of specimen figured herein)

Types: Tomlin (1917) indicates that there are two lots

in the British Museum (Natural History), one containing

two specimens and one containing three, both labeled

"West Indies." He suggests that the lot with three speci-

mens is probably the type lot. We have illustrated the1

center specimen glued on this card. This is a potential

lectotype, but we have decided not to make a selection at

this time. The only other lot that Dr. Keen could find in

the British Museum is one of a single specimen, and prob-

ably Tomlin was in error about a lot of two specimens.

This lot (no. 74.12.11.88) is from the collection of Mrs.

Lombe Taylor; and a note on the back of the card indi-

cates that this specimen was figured by Reeve (1865; pi.

15,fig.71).

Type Locality: The location Sowerby (1832) gives for

his original specimens is "St. Elena and Salango [Ecua-

dor], but Sowerby (1846b) and Tomlin (1917) suggest

that they probably came from the Caribbean. The specific

name has been applied to shells from that area.

Explanation of Plate 50

Figures 38, 39. Persicula bandera Coan & Roth. Holotype, LACM
1 141, Bahia de las Banderas, Nayarit, Mexico, x 2.6 (ventral and

dorsal views) [PM]

Figures 40, 41. Persicula hilli (Smith), Hypotype. CASGTC 12754,

CAS Loc. 33029, Bahia Chamela, Jalisco. Mexico, 30-8001, x 2.5

(ventral and dorsal views) [JM]

Figure 42. Persicula phrygia (Sowerby). Holotype (second from

right, marked with "x'
?

) and 3 possible paratypes, BM (NH)

80.9.18.6, no locality given in original, x 2.1 [MK]

Figures 43, 44. Persicula phrygia. Hypotype. SUPTC 9844. Sappho

Cove, Chatham Island. Galapagos Islands, coll. by W. H. Ochs-

ner. x 4.1 (ventral and dorsal views) [JM]

Figure 45. Persicula frumentum (Sowerby) [?]. Hypotype. BM
(NH). Caribbean (?). x 2.0 (ventral view) [MK]

Figures 46, 47. Persicula cf. P. frumentum. Hypotype. SUPTC 9845.

La Paz, Baja California, Mexico. Stanford Univ. Exped., x 4.1

(ventral and dorsal views) [JM]

Figure 48. Volvarina taeniolata Morch. Lectotype. Zool. Mus.,

Univ. of Copenhagen. Islas Los Bocorones, Costa Rica, x 9.8

(ventral view) [ZMUC]

Figures 49, 50. Volvarina taeniolata. Holotype of Marginella Cali-

fornia Tomlin. National Museum of Wales. California, x 4.

1

(ventral and dorsal views) [NMW]
Figure 51. Volvarina taeniolata. Holotype of Marginella californica

"var." parallela Dall, USNM 217843. Bahia Magdalena, Baja

California, Mexico, x 6.5 (ventral view) [MK]

Figures 52, 53. Volvarina taeniolata. Hypotype. CASGTC 12755,

CAS Loc. 23779 D, Maria Madre, Las Tres Marias, Nayarit,

Mexico, io-2om, along east shore of island, x 4.0 (ventral and

dorsal views ) [JM]

Figures 54, 55. Volvarina taeniolata. Hypotype, SUPTC 9846, 10

mi. north of Isla Espiritu Santo, Baja California, Mexico, 60m,

coll. by Damon L. Burford, 1955, x 4.0 (ventral and dorsal views)

[JM]

Figures 56, 57. Volvarina taeniolata rosa (Schwengel), Holotype.

ANSP 170298. Wreck Bay, Chatham Island, Galapagos Islands,

x 4.6 (ventral and dorsal views) [RR]
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Size: 7.6mm long and 5.1 mm wide (given by Sowerby) .

Diagnosis: A potential lectotype in the British Museum
(Natural History) may be described thus: Shell small,

ovate, narrower anteriorly; white, with reddish-brown

axial serpentine markings, shaded darker on their left

sides; aperture slightly wider anteriorly.

Range and Discussion: Dall ( 1871 )
reported this species

from "Panama, Cape St. Lucas and the Galapagos Is-

lands," using the name "P. catcnata Phil." (apparently

an error for Voluta catenata Montagu, 1803). Later,

Dall (1909) extended the range to include Ecuador.

There are no specimens from West Coast localities in the

U. S. National Museum collection. In fact, we have been

able to locate only one specimen from the West Coast -

a shell in the Stanford University collection labeled "La

Paz, Gulf of California: Stanford Expedition." In spite

of intensive collecting in this area in recent years, no

additional specimens have been found. There is always the

possibility that mixing has occurred and that even this

specimen has an incorrect locality. In any case, we have

illustrated it to aid other workers. It differs in the place-

ment of the darker spiral bands from the above-mentioned

British Museum material.

If additional specimens are collected from the West

Coast, then a decision will have to be made as to the

correct name for the West American form. The literature

contains three other names for similar forms. These are

Marginella pulchella Kiener, 1834 (p. 27; pit. 9; fig. 40

[not 41, as stated on p. 27]), described without a locality;

Marginella fluctuata C.B.Adams, 1850 (p. 56-57), de-

scribed from Jamaica; and Marginella chrysomelina

Redfield, 1848 (p. 492; pit. 22, fig. 2), described from

the "West Indies (?)." These may all be referable to

species occurring in the Caribbean, but since two were

described with uncertain type localities, a careful study

of type material will have to be made. One solution may
be to designate as neotype of P. frumentum a specimen

known to come from one of the Ecuadorian type localities,

when and if such a shell becomes available, thereby fixing

frumentum as a West American name, and disregarding

the questionable lots in the British Museum. Until then,

we choose to regard the entire problem as a Caribbean

one!

Illustrations: British Museum hypotype - Plate 50, Fig-

ure 45.

Hypotype (cf. frumentum), Stanford Univ., SUPTC no.

9845 - Plate 50, Figures 46-47.

Persicula maculosa (Kiener, 1834)

Marginella maculosa Kiener, 1834: 26 (species 36); pit. 9,

fig. 39 (not fig. 40 as stated on p. 26)

Persicula maculosa (Kiener), Keen, 1958: 435; fig. 678 (copy

of original figure)

Diagnosis: (Translation of original description) Shell

small, oval, diaphanous, covered with white and tawny

spots, the larger and darker spots forming two bands

around the shell; spire umbilicate; lip smooth; with eight

folds on the columella, the lower ones more visible.

Discussion: Described from an unknown locality, this spe-

cies has not come to our attention in any West American

collection. Subsequent authors, such as Dall (1885),

have recorded it from the Caribbean, and there are two

lots in the British Museum (Natural History) collection

from the Caribbean which match Kiener's figure well.

It probably does not belong to our fauna. The original

source of the error, allocating the species to "Californ.,"

seems to have been Paetel (1873).

Volvarina Hinds, 1844

Type species: Marginella nitida Hinds, 1844a

(= Voluta mitrella Risso, 1826) ;
subsequent desig-

nation of Redfield, 1870 b.

Small, elongate; low-spired; outer lip smooth or

slightly dentate.

(Volvarina, s. s.)

Tapering at base; aperture relatively wide.

Coan (1965) placed the two West Coast forms in the

subgenus Haloginella Laseron, 1957. An examination of

material of Volvarina (V.) mitrella (Risso, 1826), and of

V. (H.) mustellina (Angas, 1871 ) , the type species of Ha-

loginella, now requires us to place our species in Volvarina

in the strict sense.

Volvarina taeniolata Morch, 1860

(Plate 50; Figures 48 to 55; Text figure 2)

Volvarina taeniolata Morch, 1860: 86 (species 109)

Marginella taeniolata (Morch), Keen, 1958: 433 (mentioned

only)

"Marginella varia Sowerby," auctt.. not of Sowerby, 1846 a

—
,
Arnold, 1903: 222 (species 203) ;

pit. 4, fig. 9
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Marginella californica Tomlin, 1916: 130

Marginella (Hyalina) californica Tomlin, Dall, 1921: 85

Hyalina (Hyalina) californica (Tomlin), Grant & Gale,

1931: 630

Hyalina californica (Tomlin), Burch, 1945: 25

Marginella californica Tomlin, Keen, 1958: 433; fig. 669

(after Arnold, 1903)

Marginella californica "var." parallela Dall, 1918: 6

Types: V. taeniolata - Zoological Museum, University

of Copenhagen. We designate the specimen we have illust-

rated as lectotype, leaving three paralectotypes.

M. californica -National Museum of Wales (holo-

type).

M. c. parallela -USNM no. 217843 (holotype).

Type Localities: V. taeniolata - Islas Los Bocorones, Costa

Rica, at 30 fms. ("org.").

M. californica - California.

M. c. parallela - Bahia Magdalena, Baja California;

collected by Charles R. Orcutt.

Size: V. taeniolata - 4mm long and 2mm wide (given by

Morch).
M. californica -9 mm long and 4.5 mm wide (holo-

type, as given by Tomlin).

M. c. parallela -6.7mm long and 3mm wide ("aver-

age" fide Dall)
Diagnosis: Shell small, cylindrical; white or yellowish,

with three more or less evident brown bands, the most

posterior just below suture; when distinct, the bands are

edged with lines of darker reddish-brown; anterior third

of columella white; spire low to somewhat elevated;

outer lip narrowly thickened, straight or slightly sinuate

medially; columella with four, nearly-parallel folds.

Range: South side of Point Conception, California,

through southern California, including the offshore islands,

through the Gulf of California, to Costa Rica, probably to

Panama. Specimens from south of Guaymas, Sonora,

Mexico, are rare in collections. Dr. Donald R. Shasky of

Redlands, California, has a series taken at Salina Cruz,

Oaxaca, Mexico, in 1963, and, except for the type lot of

Volvarina taeniolata, these are the most southern speci-

mens we have noted. It also occurs in the Lower and

Upper Pleistocene of California, and the Pleistocene of

Baja California and Las Tres Marias (Hertlein. 1934).

We have examined about 220 lots.

Ecology: Intertidally to 40 meters, always among rocks.

Eugene Coan observed several specimens at Bahia San

Luis Gonzaga, Baja California (Gulf of California), on

the evening of 21 March 1965, crawling single-file across

an intertidal rock.

Discussion: Volvarina taeniolata was described from Costa

Rica, based on immature specimens and was not subse-

quently recognized because it was never illustrated. Cali-

fornia specimens, which early authors had identified as

Marginella varia Sowerby, 1846 a, were renamed M.
californica by Tomlin (1916), who showed that Sower-

by's species was based on two Caribbean forms, both

distinct from the West Coast species.

Should further examination ever prove specimens from

the northern part of the range consistently distinct from

southern ones, Tomlin's name will be available.

As can be seen from our illustrations, this is a highly-

variable species. The brown banding may be entirely ab-

sent, as in some specimens from the southern part of the

Gulf of California. Two such specimens are illustrated

here, a pale specimen from Isla Espiritu Santo showing

the height the spire may attain and extreme sinuosity of

the outer lip, and a specimen from Las Tres Marias,

Nayarit, Mexico, which is completely white, cylindrical,

and gently tapering.

Figure 2

Volvarina taeniolata Morch, a living specimen, Bahia San Luis

Gonzaga, Baja California, intertidal, 21 March 1965. x 5

There are two Caribbean analogues. One is the com-

mon Volvarina avena (Kiener, 1834, ex Valenciennes

MS
)

, which differs in being larger and usually more elon-
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gate, in having the brown bands differently positioned,

and in having a higher spire. The other is V. albolineata

d'Orbigny, 1842, which differs in being smaller, having

different band positioning, and in having a whiter ground

color between the bands.

The Animal: Living specimens were observed at Bahia

San Luis Gonzaga, Baja California. The mantle is tan,

with a darker border and dark spots. The siphon is brown.

The tentacles are long and colorless, and the eyes are

located on swellings at their bases. The side of the foot is

colorless, with light and dark opaque spots. One of these

specimens is illustrated in Text figure 2.

Illustrations: Lectotype of Volvarina taeniolata - Plate

50, Figure 48.

Holotype of Marginella californica -Plate 50, Figures

49-50.

Holotvpe of M. c. parallela - Plate 50, Figure 51.

Hypotype, Calif. Acad. Sci., CASGTC no. 12755 -Plate

50, Figures 52-53.

Hypotype, Stanford Univ., SUPTC no. 9846 - Plate 50,

Figures 54-55 (from Stanford general collection lot

no. 45952).

A living specimen - Text figure 2.

Volvarina taeniolata rosa (Schwengel, 1938)

(Plate 50; Figures 56 to 57; Plate 51 ;
Figures 58 to 59)

Marginella rosa Schwengel, 1938: 3; fig. 1

— ,
Keen, 1958: 433 (mentioned only)

Type: Acad. Nat. Sci. Philadelphia, no. 170298 (holo-

type).

Type Locality: Wreck Bay, Chatham Island, Galapagos

Islands; George Vanderbilt South Pacific Expedition.

1937; collected by Ronald W. Smith.

Size: 8.1 mm long and 3.6mm wide (holotype, as given by

Schwengel).
Diagnosis: This subspecies differs from the typical in

being bright pink in color, with the spiral banding only

faintly developed. It tapers at the base more smoothly

than specimens from California.

Range: Reported only from the Galapagos Islands, where

it occurs intertidally to several meters' depth on nearly

all islands in the group. We have examined 9 lots.

Discussion: Young specimens of this subspecies closely re-

semble Volvarina t. taeniolata in having more distinct'

brown bands, the pink coloring becoming apparent in

mature specimens. The pink pigment also seems to be

fugitive, bleaching out of beach specimens while the

brown banding remains.

There are one or more analogous forms in the Carib-

bean, which, like Volvarina taeniolata rosa have been con-

sidered subspecies of other, non-pink forms. One of these

is V. avena beyerleana (Bernardi, 1853b).

Illustrations: Holotype - Plate 50, Figures 56-57.

Hypotype, Stanford Univ., SUPTC no. 9849 -Plate 51,

Figures 58-59 (from Stanford general collection lot

no. 50196).

Volvarinella Habe, 1951.

Type species: Volvarinella makiyamai Habe, 1951;

original designation.

Small, relatively high-spired; outer lip smooth within

or weakly dentate, especially posteriorly; usually with

brown banding.

The generic name Eburnospira Olsson & Harbison,

1953, was omitted by Coan (1965). The type of this

genus, which seems to be a junior synonym of Volvarinella,

is Marginella eburneola Conrad, 1834.

Volvarinella eremus (Dall, 1919)

(Plate 51; Figures 60 to 63)

Marginella eremus Dall, 1919: 307

Marginella anticlea Dall, 1919: 307-308

Types: V. eremus - USNM no. 207622 (holotype).

M. anticlea - USNM no. 194986 (lectotype, designated

and figured herein). This leaves 15 specimens as para-

lectotypes (no. 667027).

Type Localities: V. eremus - U. S. Fish Commission Sta-

tion no. 2808, in 634 fathoms, on sand, near the

Galapagos Islands.

M. anticlea - U. S. Fish Commission Station no. 2813, in

40 fathoms, on coral sand, among the Galapagos

Islands.

Sizes: V. eremus - 5 mm long and 2.4mm wide (holotype,

as given by Dall).

M. anticlea -3.5 mm long and 1.6mm wide (given by

Dall).

Diagnosis: Shell small, spindle-shaped; white, circled by

two narrow brown bands which divide body whorl into

thirds; spire with a large, blunt nucleus; sutures obscured

by a thin coat of enamel; aperture even, with a small

posterior notch ; outer lip slightly thickened, with obscure

denticulation and, in adult specimens, a single large dent-

icle near its posterior end; columella with four, nearly-

equal folds.

Range: In and near the Galapagos Islands, in depths

between 80 and 1300 meters. We have noted 3 lots.

Discussion: An examination of photographs of type mate-

rial of Dall's two species has led us to combine both

under the first-occurring name. In addition, the unique
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type of that species seems to be a more mature shell than

the many specimens comprising the type lot of Marginella

anticlea. The greater depth recorded for Volvarinella

eremus may be the result of transport of a dead specimen

from shallower water. The type of V. eremus is somewhat

larger than the original lot of V. anticlea, but material in

the Stanford collection is intermediate in size. We have

chosen a Stanford specimen to illustrate the brown band-

ing that the worn type material does not show. This

specimen has a higher spire than the rest of the lot.

Species belonging to Volvarinella also occur in the

Eastern Pacific and in the Caribbean, where one such

form is V. aureocincta (Stearns, 1873).

Illustrations: Holotype of V. eremus - Plate 51, Figure 60.

Lectotype of M. anticlea -Plate 51, Figure 61.

Hypotype, Stanford Univ. SUPTC no. 9847 -Plate 51,

Figures 62-63 (from Stanford general collection lot

no. 50216).

Cystiscinae Stimpson, 1865

Shuls small to minute; usually white; rachidian radular

plate small, with few cusps.

Cystiscus Stimpson, 1865

Type species: Cystiscus capensis Stimpson, 1865 (not

Marginella capensis Krauss, 1848) (= M. cystiscus

Redfield, 1870, nom. nov.)
;
monotypy.

Spire low, but visible; outer lip smooth within; anterior

notch shallow.

We know of no members of this genus occurring in

Japan, although the fact that it is found mainly north

of the Panamic province suggests an origin around the

North Pacific rather than through the Panama connection

to the Caribbean.

Cystiscus politulus (Dall, 1919)

(Plate 51; Figure 64)

Marginella politula Dall, 1919, ex Cooper MS: 307

Cystiscus politulus (Dall)
,
Dall, 1921 : 86

—,
Burch, 1945 : 26

"Marginella regularis Carpenter," auctt., not of Carpenter,

1865 b

Type: USNM no. 23240 (holotype).

Type Locality: Catalina Island, California, in 30 fathoms;

collected by J. G. Cooper.

Size: 3 mm long and 1 .5mm wide ( holotype, as given by

Dall).

Diagnosis: Shell minute, elongate, tapering more abruptly

at base ; translucent
;
spire low

;
aperture widest anteriorly

;

outer lip thickest at posterior end, smooth within; colum-

ella with three main folds, plus one or two smaller ones

posteriorly.

Explanation of Plate 5

1

Figures 58, 59. Volvarina taeniolata rosa (Schwengel). Hypotype.

SUPTC 9849, from "fronds of fan coral," Tagus Cove, Albe-

marle Island, Galapagos Islands, coll. by Heller and Snodgrass.

x 4.1 (ventral and dorsal views) [JM]

Figure 60. Volvarinella eremus Dall. Holotype. USNM 207622,

near Galapagos Islands, x 7.3 (ventral view) [MK] Note worm

tubes attached to shell.

Figure 61. Volvarinella eremus. Lectotype of Marginella anticlea

Dall, USNM 194986, among Galapagos Islands, x 8.1 (ventral

view) [MK]

Figures 62, 63. Volvarinella eremus. Hypotype. SUPTC 9847, Albe-

marle Island, Galapagos Islands, coll. by Heller and Snodgrass.

x 7.5 (ventral and dorsal views) [MK]

Figure 64. Cystiscus politulus (Dall) . Holotype. USNM 23240.

Catalina Island, California, x 8.3 (ventral view) [PM]

Figure 65. Cystiscus myrmecoon (Dall). Holotype. USNM 9440.

San Diego, California, x 9.1 (ventral view) [PM]

Figure 66. Cystiscus jewettii (Carpenter), Lectotype. Redpath

Mus. 80. Santa Barbara. California, x 8.1 (ventral view) [KVWP]
Figures 67, 68. Cystiscus jewettii. Lectotype of Marginella jewettii

"var." nanella Oldroyd. LTSNM 352361 . Nob Hill Cut, San Pedro,

California (Pleistocene), x 7.0 (ventral and dorsal views) [MK]
Figures 69, 70. Cystiscus sp. Hypotype. SUPTC 9848. 10 mi. north

of Isla Espiritu Santo, Baja California, Mexico, coll. by Damon
L. Burford, 1955. x 7.5 (ventral and dorsal views) [MK]

Figure 71. Kogomea subtrigona (Carpenter). Holotype. Redpath

Mus. 81. Santa Barbara, California, x 11 (ventral view) [KVWP]
Figures 72, 73- Kogomea subtrigona. Lectotype of Marginella regu-

laris Carpenter. USNM 55391. Santa Barbara, California etc.

(see text) . x 8.0 (ventral and dorsal views) [KVWP]
Figure 74. Kogomea subtrigona. Holotype of Marginella oldroydae

Jordan. CASGTC 1846. Bahia San Quintin, Baja California.

x 7.8 (ventral view) [JM]
Figure 75. Kogomea polita. Lectotype of Gibberula coniformis

Morch. Zool. Mus., Univ. of Copenhagen. Puntarenas, Costa

Rica, x 22 (ventral view) [ZMUC]
Figure 76. Kogomea minor (C. B. Adams) . Lectotype. MCZ 186356
Panama City, Panama, x 14 (ventral view) [RT]

Figure 77. Cypraeolina margaritula. Lectotype of Volutella pyrifor-

mis Carpenter. USNM 14950. San Diego, California, x i3

(ventral view) [KVWP]
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Range: Santa Barbara, California, to Cabo San Lucas,

Baja California; intertidal to 60 meters; also Pleistocene

of California. We have seen 44 lots.

Discussion: This species would fall into the synonymy
of Marginella regularis Carpenter, 1865 b, but a recent

designation of a lectotype for the latter (Palmer, 1958:

222) makes it a synonym of M. subtrigona Carpenter,
1865 b. Cystiscus politulus, then, is the M. regularis of
some authors. This matter is discussed further under M.
subtrigona.

Illustration: Holotype of Cystiscus politulus - Plate 51,
Figure 64.

Cystiscus myrmecoon (Dall, 1919)

(Plate 51; Figure 65)

Hyalina myrmecoon Dall, 1919: 308
Marginella (Hyalina) myrmecoon (Dall), Dall, 1921: 86
Cystiscus myrmecoon (Dall), Burch, 1945: 26

Type: USNM no. 9440 (hnlotype).

Type Locality: San Diego, California, collected by Bran-
nan; from the Stearns collection.

Size: 3.3 mm long and 1.6mm wide f holotype, as given
by Dall).

Diagnosis: Shell minute, elongate, tapering smoothly at
base; spire slightly elevated; aperture narrow, wider
anteriorly; outer lip most thickened near center of shell;

columella with three main folds and one or two fainter
ones posteriorly.

Range: Known only from type locality. We know of 2 lots.

Discussion: Even with the holotvpe in front of us, we
were perplexed as to whether to synonymize this form
with the preceding species or with Volvarina taeniolata;
its characters are about halfway between. In the end, we
have decided that it is probably a distinct, rare form.
We have no notes on its occurrence in the collections we
examined, other than a possible lot at the San Diego
Natural History Museum (no. 5230), because we did not
know what to look for; thus, it is possible that there
are specimens in collections besides the original and
the San Diego Museum specimens. Collectors should
watch for this form, especially in the area of the type
locality.

Illustration: Holotype - Plate 51, Figure 65.

Cystiscus jewettii (Carpenter, 1857)

(Plate 51; Figures 66 to 68)

Marginella jewettii Carpenter, 1857 a: 207 - 208 (species 64)—
.
Reeve, 1864: ph. 26. fig. 146 (poor figure)

—
. Williamson, 1892: 212: pit. 19, fig. 6

— Dall, 1921: 85

Hyalina (Cystiscus) jewettii (Carpenter), Grant & Gale,

1931: 630: ph. 24. fig. 17

Cystiscus jewettii (Carpenter), Burch, 1945: 26; fig. 28

—
,
Palmer, 1958: 221; pit. 24, fiSs. 19-21 ( syntypes ) ;

pit.

26, figs. 1 - 2

Marginella jewettii "var." nanella Oldroyd, 1925: 11, 24; pit.

2, fig. 8

— , Grant & Gale, 1931 : 630

Types: C. jewettii - A lectotype is designated and illus-

trated herein. It is the larger of the two syntypes in the

Redpath Museum, McGill University, no. 80, which

were figured by Palmer (1958: pit. 24, figs. 19, 21).

This leaves 9 specimens as paralectotypes. They are labeled

"type Sta. Barbara Jewett."

M. ]. nanella - USNM no. 352361 (lectotype is desig-

nated and illustrated herein). This leaves 15 paralecto-

types as USNM no. 655952 and 171 at Stanford Univer-

sity, SUPTC no. 5508. In selecting a lectotype, we have

tried to match the original illustration, but this was

difficult, as the original photograph was evidently much
retouched. It is interesting to note that the original illus-

tration - and now the lectotype - are not typical of the

bulk of the original material, for they show a higher spire.

Type Localities: C. jewettii -Santa Barbara, California;

collected by Col. Jewett.

M. j. nanella - Nob Hill Cut, San Pedro, California

(Lower (?) Pleistocene).

Sizes: C. jewettii -4.6mm [.18 in.] long and 3 mm [.12

in.] wide (given by Carpenter).

M. j. nanella - 5 mm long and 3.7 mm wide (given by

Oldroyd) .

Diagnosis: Shell small, ovate; spire inflated, very low,

often covered with a thin layer of enamel; aperture

moderately wide, widest anteriorly; outer lip thickened;

columella with four folds.

Range: Monterey, California, to Isla San Martin and Isla

Guadelupe, Baja California; intertidally to 50 meters;

Lower and Upper Pleistocene of California and Baja
California. We have seen 69 lots.

Discussion: This form is consistently larger and more
globular than the two preceding and has a more inflated

spire.

Illustrations: Lectotype of Cystiscus jewettii -Plate 51,

Figure 66.

Lectotype of M. j. nanella -Plate 51, Figures 67-68.

Cystiscus sp.

(Plate 51; Figures 69 to 70)

We have illustrated a specimen of a Cystiscus from the
Stanford University collection. Perhaps this form may
require a name w hen sufficient material becomes avail-

able.
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Locality: Ten miles north of Isla Espiritu Santo, Baja

California, in 60 meters, collected by Damon L. Burford

in 1955. This would be at 24°41'N latitude by 110° 20'

W longitude.

Size: 4.5 mm long and 2.6mm wide.

Diagnosis: It is similar to Cystiscus jewettii, but it is

more elongate anteriorly and considerably less thickened

by callus throughout. The apex is present as a small mam-

milla. The anterior canal is deeper than that of C. jewettii

and is twisted slightly to the left.

Range: We have seen juvenile specimens in other collec-

tions possibly referable to this form from Isla Espiritu

Santo and from Bahia de los Muertos about 30 miles south

of La Paz, Baja California.

Illustrations: Hypotype, Stanford Univ. SUPTC no. 9848

-Plate 51, Figures 69-70.

Kogomea Habe, 1951

Type species: Erato novemprovincialis Yokoyama, 1928;

original designation.

Spire low; outer lip denticulate; anterior notch deep.

(Kogomea, s. s.)

Aperture narrow, not flaring.

Kogomea subtrigona (Carpenter, 1864)

(Plate 51; Figures 71 to 74)

Marginella subtrigona Carpenter, 1864: 537,661 (species 439)

—
,
Carpenter, 1865b: 397 (species 439)

— ,
Tryon, 1882: 43; pit. 12, fig. 55 (poor figure)

—
,
Dall, 1921: 85

Hyalina (Cystiscus) subtrigona (Carpenter), Grant & Gale,

1931 : 631

Cystiscus subtrigona (Carpenter), Burch, 1945: 26; figs. 23,

24

—
,
Palmer, 1958: 222 - 223; pit. 26, figs. 3, 4 (holotype and

paratype)

Marginella reguiaris Carpenter, 1864: 537, 661 (species 440)

— . Carpenter, 1865 b: 398 (species 440)

—
,
Tryon, 1882: 43; pit. 12, fig. 56 (poor figure)

—
,
Dall, 1921: 85

"Hyalina (Cystiscus) reguiaris (Carpenter)," Grant & Gale,

1931: 631

Cystiscus reguiaris (Carpenter), Burch, 1945: 26; fig. 25

—
,
Palmer, 1958: 222; pit. 24, figs. 9-12 (lectotype and

2 paralectotypes

)

Marginella oldroytla, Jordan, !926: 250-251, 254; pit. 25,

fig. 7

Hyalina (Cystiscus) oldroydae (Jordan), Grant & Gale,

1931: 632

Types: Kogomea subtrigona - Redpath Museum, McGill

University, no. 81 (holotype, which was marked with a

star [*] by Carpenter, and a paratype). The specimens

are labeled "Sta. Barbara Jewett Monterey." Palmer

(1958) suggests that the paratype is another species, but

we feel that it falls within the range of variation of the

species.

M. reguiaris - Lectotype (designated by Palmer,

1958), USNM no. 55391. It is labeled "type Cpr. [Cp.l

398 Sta. Barbara Jewett;" paralectotypes (6), Redpath

Museum, no. 82 [Paralectotypes are evidently Cystiscus

politulus (Dall, 1919)].

M. oldroydae - Calif. Acad. Sci., CASGTC no. 1846

(holotype) ; nos. 1847 and 1848 (paratypes).

Type Localities: K. subtrigona - Santa Barbara, Cal-

ifornia; collected by Col. Jewett (Carpenter, 1864 and

1865 b).

M. reguiaris - Santa Barbara, California ; collected by

Col. Jewett; coast of California south from Monterey,

beach to 20 fathoms; Catalina Island, California, 10 to

20 fathoms, State collection no. 398 a (Cooper) (as some-

what narrowed by Carpenter, 1865 b).

M. oldroydae -CAS loc. 190, Bahia San Quint-

in, Baja California (Upper Pleistocene) ; collected by

G Dallas Hanna.

Sizes: K. subtrigona -3.5mm long and 2.5 mm wide

(holotype, as given by Palmer, 1958).

M. reguiaris - 3.5mm long and "2+"mm wide (lecto-

type, as given by Palmer, 1958)

.

M. oldroydae - 3.21 mm long and 2.00mm wide (holo-

type, as given by Jordan).
Diagnosis: Shell minute to small, ovate; spire moderately

high; aperture slightly wider anteriorly; outer lip thick-

ened, with strong denticles on its inner margin ; columella

with four folds.

Range: Monterey, California, to Cabo San Lucas and La
Paz, Baja California, including the offshore islands; inter-

tidal to 100 meters; also Lower and Upper Pleistocene of

California and Baja California. We have seen 52 lots.

Discussion: We suspect that Carpenter meant Margin-

ella reguiaris to be the name for the common southern

California species of Cystiscus, because he mentioned

its resemblance to C. jewettii and because the paratypes

in the Redpath Museum, illustrated by Palmer (1958:

pit. 24, figs. 9, 10) appear to be specimens of C. politulus

[due to an error in transcription, the dimensions 1 1 mm
by 5mm were given for these specimens in Palmer,

rather than the correct 3 mm long by 2 mm wide

(Palmer, letter of 9 August 1965)]. Unfortunately, the
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specimen which was placed in the USNM collection

was a worn K. subtrigona. It clearly shows denticles on

the outer lip and has traces of an anterior notch. Dall

must have been under the impression that this shell was

representative of Carpenter s species when he proposed

C. politulus. Palmer's (1958) designation of the USNM
specimen as lectotype of the species, a designation which

we choose to recognize in the interest of stability and

simplicity, now forces us, in our role of "first revisers,"

to permanently bury Carpenter's name, M. regularis.

Marginella oldroydae was based on three worn, juvenile

specimens which appear to be Kogomea subtrigona.

This species is very similar to the Japanese species re-

viewed by Habe (1951), but the Cystiscinae are a wide-

spread group, with species not easily differentiated, and
we hesitate to select any one species of Kogomea as

being analogous to another.

Illustrations: Holotype of Kogomea subtrigona - Plate

51, Figure 71.

Lectotype of Marginella regularis - Plate 51, Figures 72

to 73.

Holotype of M. oldroydae - Plate 51, Figure 74.

Kogomea polita (Carpenter, 1857)

(Plate 51 ;
Figure 75; Text figure 3)

Marginella polita Carpenter, 1857 b: 462 (species 588)

—
,
Palmer, 1951: 64 (species 558); pit. 1, fig. 17 (Carpen-

ter's drawing)

Gibberula coniformis Morch, 1860: 86-87 (species 110)

Marginella morchii Redfield, 1870b: 244, nom. nov. pro. M.
coniformis (Morch, 1860). not Sowerby, 1850: 45-46

Cystiscus morchii (Redfield), Keen, 1958: 434 (mentioned

only)

Types: Kogomea polita - British Museum (Natural His-

tory), Carpenter tablet 2108. We hereby designate the

specimen we have illustrated, the largest, as lectotype,

leaving two paralectotypes on the tablet (to the left of it)

and two at the New York State Museum {fide Palmer,
1951).

Gibberula coniformis - Zoological Museum, University

of Copenhagen. We hereby designate as lectotype the

specimen we have illustrated, leaving three paralectotypes.

Type Localities: K. polita - Mazatlan, Sinaloa, Mexico,
on Chama and Spondylus; collected by Frederick Reigen.

G. coniformis - Puntarenas, Costa Rica.

Sizes: K. polita -0.86mm [.034 in.] long and 0.56mm
[.022 in.] wide (given by Carpenter).

G. coniformis -2 mm long and 1mm wide (given by
Morch).
Diagnosis: Shell minute, ovate; spire low; aperture nar-

Figure 3

Kogomea polita (Carpenter). Lectotype, British Museum (Natural

History), Carpenter tablet 2108, Mazatlan, Mexico, x 48 (drawn

from camera lucida sketches by Dr. A. Myra Keen)

row, wider anteriorly; outer lip moderately thickened,

smooth within, or with a few low denticles near anterior

end; columella with four folds.

Range: White's Point and Catalina Island, California,

through the Gulf of California, including the offshore

islands, to Costa Rica, probably to Panama; intertidally

to 100 meters; also Pleistocene of California and Baja

California. We have seen 162 lots.

Discussion: This species differs from Kogomea subtrigona

in being smaller and in having a smooth, less thickened

outer Hp; in general, its spire is lower. It differs from K.

minor in having a higher spire, a less-thickened outer lip,

and less-conical form.

Now that Morch's species can be illustrated, we find

we must synonymize it with Kogomea polita, the common
species of the Gulf of California. If, in the future, the

southern form is found to be separable from northern

material, Redfield's name, replacing Morch's homonym,
will be available for it.

Illustrations: Lectotype of Kogomea polita - Text figure 3.

Lectotype of G. coniformis -Plate 51, Figure 75.

Kogomea minor (C.B.Adams, 1852)

(Plate 51; Figure 76)

Marginella minor C.B.Adams, 1852a: 264

—
,
Adams, 1852b: 40 (reissue of 1852 a)

—
,
Carpenter, 1857b: 461 -462 (species 587)

—
, Carpenter, 1857 b, Palmer, 1951: 64 (species 587) ;

pit.

1, figs. 16, 18 (Carpenter's drawings)

—
,
Reeve, 1864: pit. 27, fig. 152 (incorrect figure)

Gibberula minor (C.B.Adams), Morch, 1860: 87 (species

111)
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Cystiscus minor (C. B. Adams) ,
Dall, 1921 : 86

—
,
Burgh, 1945: 26

—
,
Keen, 1958: 434 (mentioned only )

Marginella (Gibberula) minor C.B.Adams, Turner, 1956:

63; pit. 6, fig. 3 (lectotype)

not Marginella phaseolus "var." minor Cristofori ft Jan,

1832: 14 (nomen nudum)

not Marginella miliaria "var." minor Scagchi, 1836: 10

(nomen nudum)

Types: Museum of Comparative Zoology, Harvard Uni-

versity, no. 186356. A lectotype was designated by Tur-

ner (1956), leaving four paralectotypes (R. D. Turner,

in litt. to A. M. Keen, 18 Oct. 1965).

Type Locality: Panama City, Panama ; collected by C. B.

Adams; "10 more or less perfect specimens from the

calcareous sand, which had been washed up near the sea

wall of Panama."

Size: 2.3 mm long and 1.5 mm wide (lectotype, dimensions

calculated from Turner's figure).

Diagnosis: Shell minute, translucent; convexly conical;

spire low, evenly rounded; aperture fairly wide, wider

anteriorly ; outer lip slightly thickened, denticulate within

;

columella with three or four folds.

Range: Puerto Parker and Isla del Cocos, Costa Rica, to

La Libertad, Ecuador, and the Galapagos Islands; inter-

tidal to 120 meters; Pliocene of Ecuador (Pilsbry &

Olsson, 1941); Pleistocene of Ecuador (Hoffstetter,

1952), the Galapagos (Hertlein & Strong, 1939), and

Panama (Olsson, 1942). We have seen 27 lots.

Discussion: Adams himself compared his species to a

Caribbean form, Marginella lavalleeana d'Orbigny, 1842.

The latter has a more pointed spire and is broader at the

shoulder.

Palmer's (1951) prints of Carpenter's drawings

demonstrate that his Marginella minor from Mazatlan

was the same species as his own M. polita. Dr. Myra
Keen's drawings of Carpenter's specimens (British Muse-

um [Natural History], Carpenter tablet 2107) verify this

opinion.

Illustration: Lectotype of Marginella minor -Plate 51,

Figure 76.

Kogomea, additional species

We have seen specimens of Kogomea from the Galapagos

Islands, seemingly unassignable to any of the preceding

species. The descriptions of these forms should not be

undertaken until much more material is available, espe-

cially from the mainland of South America.

Cypraeolina Cerulli-Irelli, 1911

Type species: Valuta clandestina Brocchi, 1814; mono-

typy.

Minute, apex immersed in body whorl, posterior end

of aperture projecting slightly above spire; outer lip

finely denticulate within.

Cypraeolina margaritula (Carpenter, 1857)

(Plate 51 ;
Figure 77 ; Text figures 4 to 5)

Marginella margaritula Carpenter, 1857 b: 462 - 463 (species

589)

—
,
Palmer, 1951: 64 (species 589) ;

pit. 1, figs. 14, 15 (Car-

penter's drawings)

Cystiscus margaritula (Carpenter), Keen, 1958 : 434 (men-

tioned only)

Volutella pyriformis Carpenter, 1864: 661 (species 441)

—, Carpenter, 1865 a: 148 (species 24)

Marginella pyriformis (Carpenter), Tryon, 1882: 41; pit.

13, fig. 38 (poor figure)

— ,
Williamson, 1892: 212; pit. 20, fig. 5 (lectotype)

Merovia pyriformis (Carpenter), Dall, 1921: 86 (new genus

with M. pyriformis as type species by monotypy)

Hyalina (Cypraeolina) pyriformis (Carpenter), Grant &

Gale, 1931: 632

Cypraeolina pyriformis (Carpenter), Burch, 1945: 27; figs.

26, 27

Gibberulina pyriformis (Carpenter), Palmer, 1958: 220;

pit. 24, figs. 13 - 16 (lectotype and 3 paralectotypes)

Types: Cypraeolina margaritula - British Museum (Nat-

ural History), Carpenter tablet no. 2109. The older, more

worn of the two adult specimens on the tablet is hereby

designated as lectotype. It is the specimen on the left in

the top row. This leaves 6 paralectotypes at the British

Museum, 7 in the New York State Museum (fide Pal-

mer, 1951), and 3 in the USNM (fide "types" drawer

list).

Volutella pyriformis -USNM, no. 14950 (lectotype,

designated by Palmer, 1958), leaving one paralectotype

in the USNM and 13 at the Redpath Museum, McGill

University, no. 83. The USNM specimens are on a glass

slide labeled "S. Diego (Cooper)."

Type Localities: C. margaritula -Mazatlan, Sinaloa,

Mexico, on Chama and Spondylus ; collected by Frederick

Reigen.

V. pyrifomis - San Diego, California ; collected by Coo-

per on the Pacific Railroad Exploring Expedition (as

narrowed by Carpenter, 1865 a).
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Sizes: C. margaritula - 1.9mm [.073 in.] long and 1.2mm
[.047 in.] wide ("largest specimen," as given by Carpen-

ter).

V. pyriformis - 2.5mm [.1 poll.] long and 1.45mm
[.065 poll.] wide (given by Carpenter, 1865a).

Diagnosis: Shell minute, ovate; aperture narrow, notched

posteriorly; outer lip thickened, with denticuiations on its

inner surface, strongest anteriorly; columella with four

folds.

Range: Izhut Bay, Afognak Island, Alaska, along the

entire West Coast, including the offshore islands, through

the Gulf of California, to Panama; intertidally to 110

meters, but with one published record from 1700 meters

(Durham, 1942) ; (?) Pliocene of the Galapagos Islands

(CAS 27249) ; Lower and Upper Pleistocene of Califor-

nia; Pleistocene of Baja California. We have examined

214 lots.

Discussion: The only difference that Carpenter (1865 a)

pointed out between the new species, Volutella pyriformis,

and his previously-named Cypraeolina margaritula, was

that the former was more elongate anteriorly. Strong in

Figure 4
Cypraeolina margaritula (Carpenter)

,
Lectotype, British Museum

(Natural History). Carpenter tablet 2109, Mazatlan, Mexico, x 19

(drawn from camera lucida sketches by Dr. A. Myra Keen)

Burch (1945) commented that C. margaritula differed

in being a bit smaller and had a "very slightly different

shape." We can agree with neither of these viewpoints.

The fact that the range of the species is continuous

argues against separation of the two. Again, if in the

future consistent differences can be shown between Mazat-

lan material and specimens from San Diego, Carpenter's

second name will be available on either the specific or the

subspecific level.

A Caribbean member of this genus is Cypraeolina ovuli-

formis (d'Orbigny, 1842) which differs from the West

Coast species in being more ovate and thickened to a

greater extent by callus. There are also two Japanese

forms, so it is possible that the genus arrived from thr

east as well. As further evidence for this idea, it occurs in

Alaska, the most northern appearance of the entire family

throughout the world.

Figures

Cypraeolina margaritula (Carpenter), a living specimen, Moss

Beach, San Mateo County, California, intertidal. December 1964

x 12.5

The Animal: A living specimen, collected at Moss Beach,

San Mateo County, California, in December, 1964, was

observed and drawn (Text figure 5). The animal had a

black mantle, spotted with white. The tentacles were long

and slender.

Illustrations: Lectotype of Cypraeolina margaritula -

Text figure 4.

Lectotype of Volutella pyriformis - Plate 51, Figure 77.

A living specimen - Text figure 5.

ACKNOWLEDGMENTS

Many persons made this project possible. These persons

made available their personal or institution's collections,

provided data on specimens in their collections, made
available type specimens or photographs of type speci-

mens, provided information on the location of type



Page 296 THE VELIGER Vol. 8; No. 4

material, collected live specimens, provided comparative

material from other areas or comparisons with other spe-

cies, or criticised the manuscript. We wish to thank the

following: Mr. Larry Andrews, Dr. Joshua L. Baily, Jr.,

Dr. Gerald J. Bakus, Mr. Eugene Bergeron, Dr. S. Still-

man Berry, Dr. Eugene Binder, Mr. John Q. Burch, Dr.

G. Bruce Campbell, Mr. and Mrs. Crawford N. Cate,

Mr. and Mrs. Emery P. Chace, Mr. S. Peter Dance, Mrs.

Helen DuShane, Dr. Edouard Fischer-Piette, Dr. Fritz

Haas, Dr. Leo G. Hertlein, Mrs. Faye B. Howard, Dr.

John Imbrie, Mr. George E Kanakoff, Dr. A. Myra
Keen, Miss Elsa Kops, Dr. Henning Lemche, Mr. James

H. McLean, Dr. Donald E McMichael, Mr. Colin Mathe-

son, Dr. Oliver Paget, Dr. Katherine V W. Palmer, Dr.

Harald A. Rehder, Dr. Robert Robertson, Dr. Joseph

Rosewater, Dr. Donald R. Shasky, Mr. Allyn G. Smith,

Mr. Gale E. Sphon, Dr. Charles R. Stasek, Dr. Rudolf

Stohler, Dr. Norman Tebble, Dr. Ruth D. Turner, Dr.

Edward C. Wilson and Dr. Wendell E Woodring. The
line drawings are the work of Barry Roth, and some of

the printing of negatives was done by Mr. Perfecto Mary.

Mrs. OtisW Coan helped with some typing. One of us (E.

C.) would like to acknowledge a 1965 National Science

Foundation Summer Fellowship for Graduate Teaching

Assistants and a Public Health Service Fellowship (num-

ber 1-F1-GM-22.925-01A1) from the National Institute

of General Medical Sciences.

Mr. Roger A. Szal assisted with reading the proofs.

LITERATURE CITED

Adams, Charles Baker
1850. Descriptions of supposed new species of marine shells,

which inhabit Jamaica. Contr. Conchol. no. 4: 56 - 68

(January 1850)

1852 a. Catalogue of shells collected at Panama, with notes on

synonymy, station and habitat, . . . Ann. Lyc. Nat. Hist.

New York 5: 229 - 296 (June) ; 297 - 549 [p. 549 unnumbered]

(July)

1852 b. Catalogue of shells collected at Panama, with notes on

their synonymy, station, and geographical distribution. New
York (R. Craighead) pp. i - viii + 1-334

Aguayo, Carlos Guillermo
1943. Centenario de Ios "Moluscos" de d'Orbigny en la obra

de la Sagra. Rev. Soc. Malacol. "Carlos de la Torre" 1(1):
37-40; 1 pit. (May 1943)

Arnold, Ralph
1903. The paleontology and stratigraphy of the marine Plio-

cene and Pleistocene of San Pedro, California. Mem. Calif.

Acad. Sci. 3: 1 -420: pits. 1 -37 (27 June 1903). Concerning
date of publication, see Hertlein, 1964

Bernardi, A. C.

1853 a. Description de deux coquilles nouvelles. Joum. de

Conchyl. (1) 4 (1): 67 - 69; part of pit. 2 (15 Feb. 1853)

1853b. Descriptions de coquilles nouvelles (Conus et Margin-

ella). Journ. de Conchyl. (1)4(2): 148- 150; pits. 5, 6

[parts of each] (1 May 1853)

Brown, Amos Peaslee & Henry Augustus Pilsbry

1911. Fauna of the Gatun Formation, Isthmus of Panama.

Proc. Acad. Nat. Sci. Phila. 63: 336 - 374; pits. 22 - 29

(22 June 1911)

Burch, John Q. (Editor)

1945. Family Marginellidae (from "Distributional list of the

West American marine Mollusca from San Diego, California,

to the Polar Sea") Min. Conch. Club So. Calif., no. 49 : 24 - 27;

part of a pit. (June 1945)

Carpenter, Philip Pearsall

1857a. see Gould & Carpenter (1857)

1857 b. Catalogue of the collection of Mazatlan shells, in the

British Museum : collected by Frederick Reigen, . . . London

(British Museum) pp. i-iv + ix-xvi + 1-552 (June 1857)

[Warrington edition: pp. i-viii + i-xii + 1-552 - post-June

1857]. Dating: Iredale (1916: p. 36)

1864. Supplementary report on the present state of our know-

ledge with regard to the Mollusca of the west coast of North

\merica. Rept. Brit. Assoc. Adv. Sci. for 1863 : 517 - 686

(August 1864)

1865 a. Diagnoses des mollusques nouveaux provenant de Cali-

fornie et faisant partie du Musee de lTnstitution Smithsonienne.

Journ. de Conchyl. 13 [(3) 5] (2) : 129- 149 (April 1865)

1865 b. Diagnosis of new forms of Mollusca, from the west

coast of North America, first collected by Col. E. Jewett. (sec-

tion containing Marginellidae^ Ann. Mag. Nat. Hist. (3) 15

(89) [article 40]: 394-399 (May 1865)

Chemnitz, Johann Hieronymus
1788. Neues systematisches Conchylien Cabinet 10. Nurem-
berg (G. N. Raspe) pp. 1 - 22 (unnumbered), 1 - 376; pits. 137

to 173

Coan, Eugene Victor

1965. A proposed reclassification of the family Marginellidae

(Mollusca: Gastropoda). The Veliger 7(3): 184-194; 9

figs. (1 January 1965)

Coan, Eugene Victor & Barry Roth
1965. A new species of Persicula from West Mexico. The

Veliger 8 (2) : 67 - 69; pit. 12; 1 map (1 October 1965)
Couthouy, Joseph Pitty

1837. Description of a new species of the genus Marginella

(Lam.), with some observations on the same. Boston Journ.
Nat. Hist. 1 (4) : 400; pit. 9 (May 1837)

Cristofori, Joseph us de Georgii Jan
1832. Catalogus in IV sectiones divisus rerum naturalium in

musaeo exstantium Josephi de Cristophori et Georgii Jan, . . .

Sect. 2, part 1 [Conchyliologia]. Parma and Milan.
Dall, William Healey

1871. Descriptions of sixty new forms of mollusks from the
west coast of North America and the north Pacific Ocean, with
notes on others already described. Amer. Journ. Conch.
7 ( 2) : 93 - 160; pits. 13 - 16 (2 November 1871)

1885. List of marine Mollusca comprising the Quaternary
fossils and Recent forms from American localities between
Cape Hatteras and Cape Roque, including the Bermudas.
Bull. 24, U. S. Geol. Survey, pp. 1 - 336 (20 August 1885)



Vol. 8; No. 4 THE VELIGER Page 297

1909. Report on a collection of shells from Pern, with a sum-

mary of the littoral marine Mollusca of the Peruvian zoological

province. Proc. U. S. N. M. 37 ( 1704) : 147 - 294; pits. 20

to 28 (24 November 1909)

1918. Descriptions of new species of shells chiefly from Magda-

lena Bay, Lower California. Proc. Biol. Soc. Washington 31:

5-8 (27 February 1918)

1919. Descriptions of new species of Mollusca from the North

Pacific Ocean in the collection of the United States National

Museum. Proc. U.S.Nat. Mus. 56 (2295): 293-371

(30 August 1919)

1921. Summary of the marine shellhearing mollusks of the

northwest coast of America, from San Diego, California, to

United States National Museum, . . Smithson. Inst., U. S.

Nat. Mus. Bull. 112: 1 - 217, pits. I - 22 (24 February 1921)

Dillwyn, Lewis Weston
1817. A descriptive catalogue of Recent shells, arranged

according to the Linnaean method; . . . London (John &

Arthur Arch), pp. i-xii + 1-1092 4- 1-29 (unnumbered);

5 pits.

Durham, John Wyatt
1942. Four new gastropods from the Gulf of California. The

Nautilus 55 (4) : 120- 125; pit 8 (7 May 1942)

Gmelin, Johann Frederich

1791. Systema naturae per retma tria naturae . . Editio

decima tenia, aucta, reformata 1 (6) : 3021 - 3910 Lipsia.

Gould, Augustus Addison & Philip Pearsall Carpenter

1857. Descriptions of shells from the Gulf of California, and

the Pacific coasts of Mexico and California. Part 2. Proc.

Zool. Soc. London 26 [for 1856] [part 24] (313): 198-208

(7 January 1857)

Grant, Ulysses S., IV & Hoyt Rodney Gale

1931. Catalogue of the marine Pliocene and Pleistocene

Mollusca of California and adjacent regions. Mem. San

Diego Soc. Nat Hist 1:1 - 1036; 15 figs.; pits. 1 - 32

(3 November 1931)

Habe, Tadashige

1951. Marginellidae and Hydrocenidae in Japan. In:

Illustrated catalogue of Japanese shells (Tokubei Kuroda, ed.)

1(16): 101 - 108; 14 text figs. ( 10 December 1951)

Hertlein, Leo George

1934. Pleistocene mollusks from the Tres Marias Islands, Ced-

ros Island, and San Ignacio Lagoon, Mexico. Bull. So. Calif.

Acad. Sci. 33 (2) : 59 - 73 (31 August 1934)

1939. Marine Pleistocene mollusks from the Galapagos Islands.

Proc. Calif. Acad. Sci. (4) 23 (24) : 367-380; pit. 32

(20 July 1939)

1964. Note concerning the date of issue of Arnold's mono-

graph on the Pliocene and Pleistocene of San Pedro. The
Veliger 6(3): 172 (1 January 1964)

Hertlein, Leo George & Archibald McClure Strong

1951. Descriptions of three new species of marine gastropods

from West Mexico and Guatemala. Bull. So. Calif. Acad.

Sci. 50(2): 76-80; pit. 26 (15 October 1951)

1955. Marine mollusks collected during the "Askoy" Expedi-

tion to Panama. Colombia, and Ecuador in 1941. Bull.

Amer. Mus. Nat Hist. 107 [article 2]: 159-318; pits. 1-3

(28 November 1955)

Hinds, Richard Brinsley

1844 a. Description of Marginellae collected during the voyage

of H. M. S. Sulphur, and from the collection of Mr. Cuming.

Proc. Zool. Soc. London 14 [for 1844] [part 7] (134) : 72 - 77

(September 1844)

1844 b. see 1844- 1845

1844-1845. The zoology of the voyage of H. M. S. Sulphur, under

the command of Capt. Edward Belcher, . . . during the years

1836-42. 2 [Mollusca]: 1-72; pits. 1-21. London (Smith,

Elder and Co.) [collated from Hertlein & Strong (1955),

who collated it from a copy in the Calif. Acad. Sci. which is

in its original covers]:

parti: pp. 1-24; pits. 1-7- July 1844

part 2: pp. 25 - 48; pits. 8 - 14 - October 1844

part 3 : pp. 49 - 72 : pits. 15-21 - January 1845

Hoffstettf.r, Robert

1952. Moluscos subfosiles de los estanques de sal de Salinas

(Pen. de Santa Elena, Ecuador). Comparicion con la fauna

actual de Ecuador. Bol. Inst. Cienc. Nat. (Quito) 1 (1):

5-79; 19 text figs. (June 1952)

Iredale, Tom
1916. On some new and old molluscan generic names. Proc.

Malacol. Soc. London 12 ( 1 ) : 27 - 37 (20 March 1916)

Jordan, Eric Knight
1926. Molluscan fauna of the Pleistocene of San Quintin Bay,

Lower California. (Expedition to Guadalupe Island, Mexico,

in 1922 - No. 4) Proc. Calif. Acad. Sci. (4) 15 (7) : 241 - 255;

1 fig.; pit. 25 (26 April 1926)

Keen, A. Myra
1958. Sea shells of tropical West America; marine mollusks

from Lower California to Colombia. i - xi + 624 pp.; illus.

Stanford, Calif. (Stanford Univ. Press)

Kiener, Louis Charles

1834. see 1834- 1841

1834-1841. Species general et iconographie des coquilles vivantes

. . . : genre marginelle. Paris (J.-B. Bailliere et fils).

[A collation of this work is to be found in Sherborn &

Woodward, 1901]

pp. 1-30; pits. 1-9- 22 December 1834

pp.31 -44; pits. 10- 13 - 1841

Lamarck, Jean-Baptistf. Pierre Antoine de Monet de
1822. Histoire naturelle des animaux sans vertebres, 7 [Mol-

Iusques], Paris ("chez l'auteur, au jardin du Roi") pp. 1-711

(August 1822)

Li, Chih Chang
1930. The Miocene and Recent Mollusca of Panama Bay.

Bull. Geol. Soc. China 9 (3): 249-296: pits. 1-8; 1 map
(October 1930)

For comments about this paper see Ptlsbry, 1931.

Link, Heinrich Friedrich

1806 - 1808. Beschreibung der Naturalien-Sammlung der Uni-

versitat zu Rostock, . . . Rostock. 6 parts in 1 vol., some
paginated separately [Mollusca: part 2: 82- 100 - 29 March
1807; part 3: 101 - 160 - 17 May 1807; part 4: 6 - 23 - 25
December 1807; part 6: 33- 37 - 5 June 1808].

For a discussion of this work see Tomlin & Winckworth, 1936
1807. see 1806 - 1808

Megerle von Muhlfeld, Johann Karl
1816. Beschreibung einiger neuen Conchylien. Gesellsch.



Page 298 THE VEL1GER Vol. 8; No. 4

naturforsch. Freunde Berlin: Mag. f. neuest. Entdeck. i. d.

ges. Naturk. 8(1) [article 1]: 3-11; pits. 1-2

Menke, Karl Theodor
1828. Synopsis methodica mollusconim generum omnium

et specierum eorum, quae in Museo Menkeana adservantur;

cum synonymia critica et novarum specierum diagnosibus.

Pyrimonti. pp. i - xii + 1-91

Montagu, George

1803. Testacea Britanica or natural history of British shells,

marine, land and fresh-water, including the most minute:

systematically arranged and embellished with figures.

Romsey (J. S. Hollis) . pp. i-xxxvii -f 1 -606; pits. 1-16

Morch, Otto Andreas Lowson
1860. Beitrage zur Molluskenfauna Central-Amerikas.

Malak. Blatter 7: 66-96 (July 1860); 97- 106 (Aug. 1860)

Nelson, Edward Thomson
1870. On the molluscan fauna of the later Tertiary of Peru.

Trans. Connect. Acad. Arts Sci. 2(1) [article 5]: 186-207;

pits. 6-7 (July 1870)

Oldroyd, Thomas Shaw
1925. The fossils of the Lower San Pedro fauna of the Nob

Hill Cut, San Pedro, California. Proc. U.S.Nat. Mus.

65 (2535) [article 22J: 1 - 36; 2 pits. (16 January 1925)

Olsson, Axel Adolf
1924. Notes on marine mollusks from Peru and Ecuador.

The Nautilus 37 (4) : 120 - 130 (24 April 1924)

1932. Contributions to the Tertiary paleontology of Northern

Peru: Part 5, the Peruvian Miocene. Bull. Amer. Paleo.

19 (68) : 1 -272; pits. 1 - 24 (30 June 1932)

1942. Tertiary and Quaternary fossils from the Burica Penin-

sula of Panama and Costa Rica. Bull. Amer. Paleo. 27 ( 106) :

5-106; pits. 1-12 (25 December 1942)

1964. Neogene mollusks from northwestern Ecuador. Ithaca,

New York (Paleo. Res. Inst.) pp. 1 -256; pits. 1 - 38 (28 Oct.)

Olsson, Axel Adolf &. Anne Harbison
1953. Pliocene Mollusca of Southern Florida with special

reference to those from North Saint Petersburg . . . with

special chapters on Turridae by William G. Fargo and Vitrin-

ellidae and fresh-water mollusks by Henry A. Pilsbry.

Monogr. 8, Acad. Nat. Sci. Philadelphia pp. i-v + 1 -457;

P«s
-

1 - 65 (6 November 1953)
Olsson, Axel Adolf & Thomas L. McGinty

1958. Recent marine mollusks from the Caribbean coast of

Panama with the descriptions of some new genera and species.

Bull. Amer. Paleo. 39 (177) : 1 -58; pits. 1-5 (10 Dec. 1958)
d'Orbignv, Alcide Dessalines

1841-1853. Mollusques. In: Histoire physique, et naturelle de
l'lle de Cuba (French ed.) Ramon de la Sagra, ed. Part 2
[Histoire naturelle] [Collation from Aguayo, 1943]

l:pp. 1 - 208 (signatures 1-14) - 1841

pp. 209 - 264 (signatures 15-17) - 1842
2: pp. 1 - 112 (signatures 1- 7) - 1842

pp. 113 - 380 (signatures 8-24) - probably 1853, altho'

dated "1846" from p. 146 onward
Atlas: 1842

Officially issued as two volumes in 1853
1842. see 1841 - 1853

Paetel, Frtedrich

1873. Catalog der Conchylien-Sammlung. Berlin (Paetel)

pp. 1 - 172

Palmer, Katherine Van Winkle
1951. Catalog of the first duplicate series of the Reigen Collec-

tion of Mazatlan shells in the State Museum at Albany, New
York. N. Y. State Mus. Bull. 342: 1 - 79; 1 pit. (Jan. 1951)

1958. Type specimens of marine mollusca described by E P

Carpenter from the West Coast (San Diego to British Colum-

bia). Memoir 76, Geo). Sor. Amer. i - viii + 1 - 376; pits.

1 - 35. New York, N. Y (8 December 1958)

Petit de la Saussaye, S.

1851. Notice sur le genre marginelle, Marginella, Lamarck,

suivi d'un catalogue synonymique des especes de ce genre.

Journ. de Conchyl. ( 1 ) 2 ( 1 ) : 38 - 59; parts of pits. 1 and 2

(25 May 1851

)

Pilsbry, Henry Augustus

1931. The Miocene and Recent Mollusca of Panama Bay.

Proc. Acad. Nat. Sci. Philadelphia 83: 427-440; 5 figs.; pit.

41 (13 November 1931)

Pilsbry, Henry Augustus & Herbert N. Lowe
1932. West Mexican and Central American mollusks collected

by H. N. Lowe, 1929 - 31. Proc. Acad. Nat. Sci. Philadelphia

84: 33 - 144; 7 figs.; pits. 1 - 17; 2 photographs (21 May 1962)

Pilsbry, Henry Augustus & Axel Adolf Olsson

1941. A Pliocene fauna from Western Ecuador. Proc. Acad.

Nat. Sci. Philadelphia 93: 1 - 79; pits. 1-19 (9 Sept. 1941)

Redfield, John Howard
1848. Descriptions of new species of Bullia and Marginella,

with notes upon G. B. Sowerby, Jr.'s Monograph of the latter

genus. Ann. Lyc. Nat. Hist. New York 4: 491 -495; pit.

22 (September 1848)

1870 a. Rectification of the synonymy of certain species of

Marginella. Amer. Journ. Conch. 6(2): 172-173

(6 October 1870)

1870 b. Catalogue of the known species, Recent and fossil,

of the family Marginellidae. [Catalogue and synonymy of the

genera, species, and varieties of Recent Mollusca, described

prior to January 1st, 1867, Part 5: Marginellidae, pp. 215 to

269] Amer. Journ. Conch. 6(2): following p. 180

(6 October 1870)

Reeve, Lovell Augustus
1864-1865. Conchologia iconica: or illustrations of molluscous

animals 15 (Monograph of the genus Marginella) : pits. 1 - 27
pits. 2- 13 - August 1864

pits. 1,14-27 + Index and Errata - January 1865
Scacchi, Arcangelo

1836. Catalogus conchyliorum Regni Neapolitani quae usque
adjue reperit ... Naples (Fitiatre-Sebetii) . pp. 1-18.
1 pit. (also reprinted in 1857)

Schwengel, Jeanne S.

1938. Zoological results of the George Vanderbilt South
Pacific Expedition, 1937. Part I - Galapagos Mollusca.
Proc. Acad. Nat. Sci Philadelphia 90: 1 - 3 ; 3 figs.

(13 May 1938)
Sherborn, Charles Davies

1902-1933. Index animalium . . . Great Britain. Section 1:



Vol. 8; No. 4 THE VEL1GER Page 299

i-lix I- 1-1195; Section 2: i - cxxxvi + 1 -7056 + i to

cxlvii+ 1 - 1098

1922. see 1902- 1933

Sherborn, Charles Davies & Bernhard Barham Woodward

1901. Notes on the dates of publication of the parts of Kiener's

"Species general et iconographie des coquilles vivantes," etc.

(1834-80). Proc. Malac. Soc. London 4(5): 216-219

(25 July 1901)

Smith, Maxwell
1950. New Mexican and Panamic shells. Nautilus 64 (2)

:

60-61; pit. 4 (27 October 1950)

Sowerby, George Brettingham (first of name)

1832. Characters of new species of Mollusca and Conchifera

collected by Mr. Cuming. Proc. Zool. Soc. London 2 [for

1832] [pan 2] (17): 50-61 (5 June 1832) and (18): 104 to

108 (31 July 1832)

(There were additional articles in this series of descriptions which

we have omitted here.)

Sowerby, George Brettingham (second of name)

1846 a. Descriptions of new species of Marginella. Proc.

Zool. Soc. London 16 [for 1846] [part 14] ( 164) : 95-97

(November 1846)

1846b. Monograph of the genus Marginella. In: Thesaurus

conchyliorum, or figures and descriptions of shells. 1(7): 373

to 406: pits. 74- 78 London (Sowerby)

Sowerby, George Brettingham (probably second of name)

1850. Descriptions of new species of fossil shells found by J. S.

Heniker, Esq. Quart. Journ. Geol. Soc. London 6(1):

44 - 53; pits. 9-10. In: On some Tertiary beds in the

Island of San Domingo : from notes by J. S. Heniker, Esq.,

with remarks on the fossils, by J. Carrick Moore, Esq., Sec.

G. S. [article 1] pp. 39-53; pits. 9, 10

Stearns, Robert Edwards Carter

1872. Descriptions of new species of marine mollusks from the

coast of Florida. Proc. Boston Soc. Nat. Hist. 15 (2?)

:

21-24 (August 1872)

Swainson, William

1820 - 1833. Zoological illustrations or original figures and

descriptions of new, rare, or interesting animals, selected

chiefly from the classes of ornithology, entomology, and conch-

ology, and arranged according to their natural affinities.

London (Balwin & Cradock), 6 vols, [series 1: 1-3; series

2: 1-3]

(1) 1-3: pits. 1 - 18 (1820), 19-83 (1821). 84- 134 (1822).

135 - 182 (1823)

(2) 4-6: pits. 1 -30 (1829), 31 -45 (1830), 46-85 (1831),

86- 96 (1832), 97 - 138 (1833)

(Collated by means of Sherborn, 1922)

1830. see 1820- 1833

Tomlin, John Read le Brockton

1916. Note on the Marginella varia of Sowerby. Nautilus

29 (12): 138- 139 (April 1916)

1917. A systematic list of the Marginellidae. Proc.

Malacol. Soc. London 12 (5) : 242 - 306 (22 August 1917)

1919. A systematic list of the fossil Marginellidae. Proc.

Malacol. Soc. London 13 (3) : 41 - 65 (16 April 1919)

Tomlin, John Read le Brockton & Ronald Winckworth
1936. An index to the species of Mollusca in the Beschreibung

of H. F. Link. Proc Malacol. Soc. London 22 ( 1
) . 27 - 48

(14 March 1936)

Tryon, George Washington, Jr.

1882. see 1882- 1883

1882-1883. Family Marginellidae. In: Manual of conchology;

structural and systematic 5. Marginellidae (17): 5-58; pits.

2-13 (21 December 1882); (20): 197-255 (18 Oct. 1883)

Turner, Ruth D.

1956. The eastern Pacific marine mollusks described by C. B.

Adams. Occ. Pap. Moll, Mus. Comp. Zool., Harvard Univ.,

2 (20) : 21 - 135; pits. 5-21

Weisbord, Norman Edward
1962. Late Cenozoic gastropods from Northern Venezuela.

Bull. Amer. Paleo. 42 (193) : 1 -672; pits. 1-48

(5 March 1962)

Williamson, Mattie Burton
1892. An annotated list of the shells of San Pedro Bay and

vicinity (With a description of two new species by W. H.
Dall) . Proc. U. S. N. M. 15 (898) : 197 - 220; pits. 19 - 23

(2 August 1892)

Woodring, Wendell Phillips

1928. Miocene mollusks from Bowden, Jamaica. Part 2: Gas-

tropods and discussion of results. Carnegie Inst. Washington,
Publ. 385: i - vii + 1 - 564; 3 text figs.; pits. 1 -40 ( 28 Nov.)



Page 300 THE VELIGER Vol. 8; No. 4

Reproduction and Growth in the File Limpet,

Acmaea limatula Carpenter, 1864

(Mollusca : Gastropoda)

BY

ROGER R. SEAPY

Department of Biological Sciences

University of Southern California, Los Angeles, California 90007

(7 Text figures)

INTRODUCTION

The "file limpet", Acmaea limatula Carpenter, 1864,

is one of the most conspicuous species of limpets found

along the Palos Verdes Peninsula, California. Because A.

limatula is relatively large and abundant it is particularly

suitable for study.

The reproductive habits of northern California Acmae-

idae have been investigated by Fritchman (1961a-c,

1962). Reproduction in Acmaea limatula was included in

a study by Segal (1956) at Palos Verdes Peninsula, Cali-

fornia. No further such research, however, has been

carried out for this species and growth studies are entirely

lacking, although Frank (1965) analyzed growth in

three species of Acmaea. It is the intention of the present

report to better elucidate the life history of A. limatula.

MATERIALS and METHODS

Reproduction: The site at which specimens were collec-

ted for the reproductive study is located about one mile

west of the small community of South Shores on the Palos

Verdes Peninsula. This area can be described as the rocky

shore type of open coast habitat (see Ricketts & Calvin,

1952.)

Reproductive cycles in marine invertebrates have been

determined using a number of different approaches and

techniques (see Giese, 1959). The method described by

Fritchman (1961a) is used here.

Specimens used in the present study were taken from

mid- and low-tidal zones (zero datum to approximately

+2.5 ft and zero datum to about -2 ft). Samples of

approximately 20 specimens were collected at about two-

week intervals between 7 May, 1963 and 20 April, 1964.

These samples were then taken to the laboratory and

retained in a collecting bucket in a refrigerated room until

the following day, when observations on sex and condition

of the gonad could be made.

The sex and condition of the gonad of a specimen of

Acmaea limatula is determined when the gonad is exposed

by gross dissection. Briefly, the body is removed from the

shell by cutting the shell muscle. The dorsal surface of the

visceral mass is then visible. By dissecting away the mantle

tissue at its posterior and lateral junctions with the foot,

the foot may be flexed ventrally. The gonad, which lies

on the ventral surface of the visceral mass, is then exposed.

It may then be examined in detail under a stereoscopic

dissecting microscope.

In addition to the determination of sex and condition of

the gonad for each specimen, data were recorded on the

shell length, width, and height using vernier calipers

accurate to 0.1mm. Shell weight and wet weight of soft

parts were determined by using a balance accurate to

0.01 g and were also recorded for each specimen (Seapy,

1964).

Growth: Determination of growth in gastropods has pre-

viously involved two major techniques. Both were utilized

in the present study. The first is the tracing of growth in

distinct age classes. By periodically taking samples of a

population and constructing a series of size-frequency

curves for these samples, the average rate of growth of an

age class can be determined. This procedure has been

used by Moore (1937) for Littorina littorea and by Gra-

ham & Fretter (1947) for Patina pellucida. Samples of

the population of Acmaea limatula at Palos Verdes Pen-
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insula were taken by using a transect line collecting tech-

nique on 29 March, 15 June, and 6 November of 1964. In

each instance, the transect line was laid out on a gradually

sloping portion of the rocky beach, extending from the

lowest to the highest tidal level at which specimens of A.

limatula could be found. Collection of all specimens was

made within 1 ft (30.5 cm) to the right and left of the

transect line. The samples were taken to the laboratory

and shell lengths of all specimens were measured. Since

the total number of individuals differed for each sample

(757 individuals from Transect I of 29 March, 497 from

Transect II of 15 June, and 408 from Transect III of 6

November), each frequency value was converted to an

equivalent percentage value. By this method the three

samples could be compared.

The second method of determining growth consists of

periodic measurements of marked specimens in the field.

This procedure yields data on short-term and individual

variations in rates of growth. This technique was used by

Russell (1909) and by Orton (1928) for Patella vul-

gata, by Moore (1937) for Littorina littorea, and by

Frank (1965) for three species of Acmaea. Marked
specimens of A. limatula living on a large sandstone out-

cropping at Palos Verdes Peninsula were periodically

measured. The outcropping itself is about 10 ft long, 5 ft

high and 4 ft in basal width. Its base was about 0.5 ft

above zero datum. All specimens which were marked for

growth determination were located on the protected

shoreward vertical surface of the outcropping.

The marking procedure was simple, and effective on

sunny days. A number was first imprinted on the postero-

dorsal surface of the shell by scraping the periostracum

with a probe or other sharp instrument. A bright red

fingernail enamel was next applied over the abraded

area. In most cases specimens remained clearly labelled

for about two months. The only difficulty with this tech-

nique is the need for a dry surface on which to apply the

nail enamel. For this reason, specimens could not be

marked effectively during much of the summer when low

tides occurred before dawn. Measurements of length,

width, and height of the marked specimens were made
in situ at approximately two-week intervals using vernier

calipers. Length and width values for each shell measure-

ment were converted to apertural area with the aid of a

General Precision Model 30 Digital Computer (see sec-

tion on growth )

.

Because of a seemingly rapid loss of marked limpets

during the present study, experimental and control groups

of marked limpets were arranged in order to examine the

effects of removal and handling. The 25 individuals in

the experimental group were removed at the initiation

of the study and again two weeks later in a manner

simulating the routine used in measuring specimens

marked for growth study. At the end of one month, 19

individuals remained in the experimental group. After

the same time interval, 23 of the original 30 specimens

comprising the control group remained. These results sug-

gest that removal and handling does not appear to

influence significantly the survival of local Acmaea lima-

tula.

It should be understood that the present study was

made in polluted waters. The effects of pollution upon

growth of intertidal organisms has received very little

attention. In one study Young (1964) showed that

growth in Haliotis cracherodii is retarded indirectly or

directly by pollution factors.

REPRODUCTION

Determination of Reproductive Condition: Acmaea
limatula can be easily sexed. The mature testis is yellow-

ish-white, the mature ovary is brownish-green. Using the

high magnification of a dissecting microscope, the opaque

white spermatic fluid is visible within the sperm tubules.

The eggs are evident beneath the gonadal membrane.
Descriptions of gonadal conditions are qualitative

in nature without additional histological information.

Fritchman (1961a) readily admitted this and limited

his terminology to three distinguishable gonadal stages:

"ripe", "spawned" and sexually "indeterminate". He also

Table 1

REPRODUCTIVE CONDITION
AND SHELL LENGTH

shell r - number of individuals s

length "partially "partially

(mm) juvenile ripe" "ripe" spawned"

11.0-11.9 1

12.0-12.9 1

13.0-13.9 4

14.0 - 14.9 4 1

15.0- 15.9 3 2

16.0 - 16.9 3 6

17.0-17.9 3

18.0-18.9 2 2 1

19.0-19.9 10 7 3

20.0 - 20.9 9 4 4

21.0-21.9 9 16 4
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used two terms which he considered to be even more

subjective: "partially ripe", and "partially spawned".

In the present study it was found that Acmaea limatula

does not undergo complete spawning, and a "spawned"

condition can not be included in the present classification

scheme. A sexually "indeterminate" condition must fur-

thermore be omitted. The only specimens which could

have been classified as "indeterminate" were juveniles in

w hich development of the gonad had not as yet, or only

partially, begun. In order to establish an arbitrary shell

length below which an individual would be considered a

juvenile, Table 1 was constructed. Since there were no

"ripe" individuals below 18mm in shell length, and no

specimens above 18 mm in shell length that could not be

assigned a gonadal condition, all individuals below this

length were considered to be juveniles. The gonadal cycle

of mature A. limatula is, therefore, represented by three

stages: "ripe", "partially spawned", and "partially ripe".

The "ripe" condition is the most obvious and easily

determined. At this stage the genital products are mature,

and as a consequence, the gonad is extremely turgid, pro-

ducing deformation of the eggs within the ovary and

compression of the spermatic fluid within the sperm tu-

bules of the testis. Upon separation of the mantle from the

dorsal surface of the foot, the gonad literally "bulges out"

from beneath the visceral mass. I found that the ovary of

a "ripe" individual contained eggs that had a mean dia-

meter of about 142 fx and a size range of from 133 ju, to

153 p. (based on 8 measurements). Mature spermatozoa

from the testis of a "ripe" specimen had a mean length of

about 50 fx and a size range of from 46 ju, to 5 1 ju, (based on

5 measurements ) . In all cases, the head of the spermato-

zoon was only 5 fi in length. It was further determined

that the "ripe" gonad constituted 24% of the total wet

weight of soft parts in a specimen weighing 0.5 g, and

36% in a specimen weighing 3.0 g (based on 30 measure-

ments). The gonad weights of females and males of the

same body weight were approximately the same (Figure

1).

The "partially spawned" condition is characterized by

a loss of turgidity, whereby the eggs present are in loose

clusters and the spermatic tubules appear to be only

partially filled with spermatic fluid. This stage can be con-

fused with the "partially ripe" condition, but can be usu-

ally recognized since it occurs when the greater majority

of the population is in a "ripe" condition. In spite of the

subjective nature of the determination of this stage, it

must be included since, as previously stated, a "spawned"
condition does not appear to exist.

The "partially ripe" condition represents the stage fol-

lowing the spawning period, in which redevelopment of

the gonad takes place. This stage is considered to be

Figure i

Comparison of body weight (;'. e. the wet weight of soft parts, including the gonad)

and wet gonad weight in "ripe" specimens of Acmaea limatula.
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terminated when the "ripe" condition is reached. The
early portion of this stage is evidenced by the apparent

small size and low number of eggs developing within the

ovary and by the small size of the white testis. This

development appears to be localized in the posterior por-

tion of the gonad. With further differentiation, the genital

products are produced anteriorly and laterally, until the

most dorsal boundary of the gonad becomes distinct.

Beyond this time the gonad rapidly acquires the turgid

characteristics of the "ripe" condition.

The Reproductive Cycle: A total of 486 specimens was
examined for reproductive condition. Of these 289 were

males, 170 were females, and 27 were juveniles. This

1.7 : 1 ratio of males to females is much higher than the

ratio determined by Fritchman (1961c) for Acmaea
Umatula moerchii ( 156 males to 204 females, or a 0.8 : 1

ratio )

.

Figure 2 was constructed from the data collected on

gonad condition between 22 April, 1963 and 20 March,

1964. Several partial spawning periods appear to exist

during the year. The main spawning period of 1963

appeared to occur from mid-September to mid-October

with a peak in early October. A brief secondary spawning

seems to have taken place in early January of 1964. The

terminal portion of a spawning period apparently oc-

curred in late April 1963.

Discussion of the Reproductive Cycle: Segal (1956)

studied reproduction in low-level and high-level repre-

sentatives of the population of Acmaea Umatula at Palos

Verdes Peninsula. Individuals below zero datum were

considered to be low-level ; those occurring 1 m to 1.5 m
above zero datum being considered high-level representa-

tives. It was found that high- and low-level individuals

either spawned out of phase or, more likely, the high-level

forms did not contribute to the reproducing population.

Spawning in the field was observed by Segal during late

July and late September of 1953. Since my study samples

were collected from mid- and low-tidal levels, the sug-

gested spawning periods may be correlated with the

spawning dates of the low-level population noted by

Segal. Although the spawning observed by Segal in late

July does not fit my data, the spawning of late September

noted by Segal occurred within the mid-September to

mid-October spawning period which I observed.

Figure 2

Comparison of reproductive condition and time of year. Each point indicates the

percentage of a sample represented by a particular gonad condition for that date
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The subspecies Acmaea Umatilla moerchn occurs as an

isolated population in Tomales Bay, Marin County, Cali-

fornia. Fritchman (1961c) attributed its presence there

to water temperatures which are higher than the adjacent

sea temperatures. During September the water tempera-

ture within the bay reached a maximum. Active spawning

began in mid-September and reached a peak in late

September or early October of 1951. Redevelopment of

the gonad commenced in January of the following year.

The occurrence of a single annual spawning period sug-

gests that the high water temperatures attained during

September are a requisite for the maintenance of the pop-

ulation (see Hutchins, 1947). This single spawning

period correlates well with the mid-September to mid-

October spawning period suggested here for the popu-

lation studied at Palos Verdes.

Initiation of the suggested partial spawning periods in

the population under study can only be partially ascribed

to seasonal fluctuations in water temperature (i.e., maxi-

mal water temperature during September may have re-

presented a triggering mechanism for the spawning of

October 1963). Other possible factors which can initiate

the spawning period, such as lunar periodicity, salinity,

changes in food availability, and stimulation by wave

action (see Fretter & Graham. 1964, and Giese, 1959)

were not investigated.

GROWTH
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Y = -1.889 + 0.895 X

10 15 20 25 30 35 40 45

Apertural Area and Growth: In reference to the British

limpet Patella vulgata, Russell f 1909: 235) stated:

"Owing to the manner in which growth takes place, no
dimension of the shell can increase without a correspond-

ing increase in other dimensions, so that any one dimen-

sion may be taken as a measure of growth, i. e., increase

in size." Comparison of shell dimensions in Acmaea lima-

tula provides strong support for Russell's statement.

Regression analyses were performed on length to width,

length to height, and width to height relationships in 406
shells (data were compiled from the shells measured in

the reproductive study). It was found that the length to

width dimensions were most consistently related, having

a coefficient of correlation value of +0.991. Coefficient

of correlation values for length to height and width to

height were +0.947 and +0.943, respectively (Figure

3). In the present study, where short-term growth

changes were measured, an expression of shell size was

desired which incorporated the use of more than one

shell dimension, in order that the values may be expressed

in more meaningful units.

SHELL LENGTH (MM.)

i.S36 + 0.345 X

10 15 20 25 30 35

SHELL WIDTH (MM.)

Y = -0.791+ 0.358 X

Figure 3

Relationship of shell length to width, length to height, and width

to height. The formula for the regression line is indicated

in each case.
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By placing shells on square millimeter graph paper

and tracing around the margin of the shell, an approxi-

mation of the apertural area was obtained. It was noted

that the outline of the margin of the shell was almost

elliptical. By comparing the apertural area (as deter-

mined by counting the number of square millimeters

contained within the apertural outline) with the apertural

area calculated from the formula for an ellipse

(A=W pf^]pf-] ),

nearly identical area values were obtained. The shell

length and width values for all growth data were then

converted to square millimeters of apertural area, since

the latter unit proved to be more useful for the expression

of short-term growth.

Shell Size and Rate of Growth: Rates of growth of 116

marked specimens were calculated for each time interval.

The resultant values thus represented the number of

square millimeters increase in apertural area per day. The

various specimens were placed into appropriate 25 mm2

size class intervals. The relationship which exists between

rate of growth and size of shell was determined by this

method. A total of 266 growth rate values was used. The

calculated mean growth rate value for each 25 mm 2
incre-

ment is represented in Figure 4. Laboratory growth rate

determinations for a single veliger larva which had settled

in a small aquarium were carried out over a three month

period (5 January to 3 April, 1964). The calculated

growth rates for this individual are included in Figure 4,

and represent the mean grow th rate value for the 25 to

50mm 2
size class and a single measurement within the 50

to 75 mm 2
size class. Approximately 90% of the growth

data is represented by specimens ranging from 125 to 775

mm2
in apertural area. Within this size range, the mean

rates of growth appear to be relatively constant, not in-

dicating any particular trend (Figure 4) . Individual vari-

ations in growth rate for a specific time interval, however,

were marked.

Seasonal Growth: Growth rate values for all shell aper-

tural areas between 125 and 775 mm 2 were used in the

calculations of seasonal growth data. From the apertural

area data collected for each time period, growth rate

determinations were made, and a mean growth rate

value for each time interval was computed (Table 2).

These mean growth rate values were plotted for each

time period (Figure 5). The mean monthly water tem-

perature values determined between May 1963 and April

v>
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1964 at Point Vicente, Palos Verdes Peninsula (University

of California Scripps Institution of Oceanography [SIO]

References 64-6 and 65-9) were plotted in order to deter-

mine any correlation between seasonal variations in

growth and seasonal water temperature fluctuations.

1,10 _,

1,050

1,000 _

950

900

85 _

800

750 _

700 1

650 J

600 1

550 J

500 1

450

400 _

350

300 _

250 1

200 1

150 1

100 J

50 1

-1 "I 1 1—

1.0 2.0 3.0 4.0

—

1

5.0

MEAN GROWTH RATE OF
SHELL (MM2 /DAY)

Figure 4

Mean growth rate values of shells (in square millimeters of

apertural area increase per day) for increasing 25mm2
size classes.

Solid circles represent samples comprised of only one individual,

open circles represent samples of two or more individuals.



Page 306 THE VELICER Vol. 8; No. 4

Growth rates appear to have increased rapidly during
May to early June of 1963 (Figure 5). This period of

increased growth occurred soon after the apparent spawn-
ing period in April 1963 (Figure 2). Growth rates de-
creased rapidly until mid-July after which the rate of

growth appeared to remain minimal until late September.

Table 2

CALCULATIONS OF SEASONAL GROWTH
IN APERTURAL AREA

growth for

time

num- time pe-

growth ber inter- riod

(mm / organ- val (mmV
date day) ims (days) day)

4/21 - 5/ 5 1.087 4 14 15.100

5/ 5 - 5/19 2.001 35 14 28.014

5/19- 6/ 8 2.204 29 20 44.080

6/ 8- 6/26 1.421 19 14 19.894

6/26- 7/11 0.668 12 15 10.020

7/11 - 7/25 0.590 30 14 8.260

7/25- 8/ 9 0.899 25 15 13.485

8/ 9- 9/ 6 0.611 16 28 17.108

9/ 6- 9/29 0.366 8 23 8.418

9/29- 10/14 1.072 5 15 16.080

10/14 - 11/ 1 0.740 3 18 13.320

11/ 1- 11/17 0.900 10 16 14.400

11/17- 12/ 5 0.547 12 18 9.846

12/ 5- 12/18 1.018 8 13 13.234

12/18- 1/10 0.817 5 23 18.791

1/10- 1/28 0.903 7 18 16.254

1/28- 2/13 1.208 7 16 19.328

2/13- 2/26 1.518 12 13 19.734

2/26- 3/13 1.375 10 16 22.000

3/13- 3/26 1.172 8 13 15.236

3/26- 4/20 1.822 5 24 43.728

During this period seasonal water temperature maxima
occurred. An apparent three-fold increase in the rate of

growth occurred almost immediately following the peak

of spawning in early October. From mid-October 1963

to mid-February 1964 the rate of growth increased gradu-

ally. The growth rate then dropped off for a brief period

(late February to late March), but increased abruptly

at the termination of the study (Figure 5).

Discussion of Seasonal Growth: The apparent period of

rapid growth during May and early June 1963 may be

justified if the population were not undergoing marked

gonadal build-up following the spawning period of April

1963 (Figure 2). Between May and early June the

percentage of the population which could be considered

"ripe" did not appear to increase, which indicates that

energy expenditure for gonadal build-up was minimal,

thus permitting an increased rate of growth. Between

mid-October and late February the percentage of "ripe"

individuals increased steadily (Figure 2). During this

same period, the rate of growth also appeared to increase

gradually ( Figure 5 ) . One would expect to possibly find

a decrease in rate of growth associated with an increase in

gonadal build-up activity. The rate of growth, however,

appeared to roughly parallel the increased percentage of

"ripe" individuals found in the reproductive study (Fig-

ures 2 and 5 )

.

An inverse relationship between rate of growth and

surface water temperatures appears to exist, i. e., as water

temperatures decrease, the growth rate increases (Figure

5). Segal (1956) observed that as the water temperature

decreases, the rate of heart beat of Acmaea limatula in-

creases. The seasonal variations in the rate of heart beat,

furthermore, appear to parallel closely the seasonal chan-

ges in rates of growth determined in the present study.

An increase in the rate of heart beat appears to be related

to an increase in growth rate, an increase in gonadal

build-up activity, and a decrease in water temperature.

Size Classes and Age: Three transect studies were carried

out in the study area at Palos Verdes Peninsula. Shell

lengths of specimens collected were arranged into 2mm
size classes. It was found that frequency peaks (which are

here considered to represent the modal peaks of the

several age classes present) occurred at shell lengths of 6,

10, 14, and 24mm in Transect I of 29 March, at shell

lengths of 14, 18, 26, and 30mm in Transect II of 15

June, and at shell lengths of 6, 10, 22 and 30mm in Tran-

sect III of 6 November (Figure 6). From these shell

length values, shell width values were determined by

using the following regression line formula:

width = - 1 .889 + ( 0.895 )
( length

)
( Figure 3 )

.

Apertural area values were then calculated from the shell

length and width values. Utilizing the rate of growth data

obtained in the analysis of seasonal growth rate varia-

tions (Table 2), it was possible, by backward extrapola-

tion from the time at which the transect samples were

taken, to determine the approximate time at which the

larvae of an age class would settle. The apertural area at

the time of settling of veliger larvae is considered to be

zero, since formation of the adult shell has not yet quite

begun (see Boutan, 1899). The time elapsed between

spawning and settling of larvae is considered here to be no

longer than one week, although previous work on Acmaea

(Thorson, 1946) suggests a time lapse of only a few
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Seasonal variation in growth ratf of shell (in mm2 of apertural area per day) and

mean monthly water temperatures between May 1963 and April 1964
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hours to a few days. The time of spawning was then

estimated for the several age classes indicated in the

transect analyses (Figure 7).

Transect I appeared to be composed of individuals 1,

3.5 and 12 months old; Transect II of specimens 2.5, 5,

13, and 16.5 months old; and Transect III of individuals

1, 3, 9, and 19 months old. The largest specimen had a

shell length of 42.6 mm, w hich would make this individual

about 2.75 years old.

A comparison of age classes represented in at least two

of the three transect samples provides approximate rates

of growth during the time intervals separating the dates

on which the transect samples were collected (Figure 6).

Age class (A) increased 100.59 mm2
in apertural area at

a rate of 1.29mm2
per day between 29 March and 15

June of 1964. Age class (B) grew 145.58mm2
at a rate

of 1.87 mm2
per day, and age class (C) added 67.33mm2

at a rate of 0.86mm2
per day during the same period.

Growth rates of marked individuals (Table 2) averaged

1.68mm 2
per day during the same time period for the

previous year. Between 15 June and 6 November of 1964,

age class (B) increased 106.53mm2
at a rate of 0.74mm2

per day, while age class (C) increased 151.52mm2
at a

rate of 1.05 mm2
per day. During this time period in 1963,

marked specimens (Table 2) grew at an average rate of

0.80mm 2
per day.

Discussion of the Transect Analysis: Good agreement

between modal peaks for the same age classes in the three

transects was obtained (Figure 7). Age classes (A) and

(C) appear to have been derived from spawning periods

of April 1963 and 1964, respectively. The terminal

portion of this spawning period was noted in late April

1963 during the study on reproduction (see Figure 2).

Age class (B) was apparently derived from a spawning

during late January 1964. This spawning period coincides

closely with the spawning period of early January 1964

determined in the study on reproduction (see Figure 2).

In Transect III a small number of individuals represent-

ing a spawning period during early October 1964 were

obtained. The apparent major spawning period during

early October of 1963 (Figure 2) was, however, not

represented in any of the transect samples.

Growth rates of age classes determined by shifts in the

modal points between 29 March, 15 June, and 6 Novem-
ber of 1964 provide a crude check on the analysis of

seasonal growth rates during the same periods of 1963.

Growth rates of age classes (A) and (B) between 29

March and 15 June and age classes (B) and (C) between
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SHELL LENGTH (MM.)

Figure 6

Line transect studies in 1964, where the sample percentage represented by each 2 mm
size class increment is plotted to construct percentage frequency curves. Transect I

of 29 March is indicated by dotted lines, Transect II of 15 June by broken lines,

and Transect III of 6 November by solid lines. Modal peaks of the several age classes

which were repeated in two or three of the transect samples are labelled (A), (B),

and (C) . See also Figure 7.
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15 June and 6 November were close to the average

growth rate values determined for the same period in the

seasonal growth study. However, the significance of this

comparison is limited since the two techniques of growth
rate determination did not coincide within the same
time period.
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periods were suggested for April and early October of

1963, and early January 1964.

Marked specimens were periodically measured for

growth rates between May 1963 and April 1964. Because

the rate of growth appeared to remain relatively con-

stant (at approximately 1.5 mm 2
of apertural area in-

crease per day) as the size of specimens increased, all

growth rate values were treated equally in the computa-

tion of seasonal growth. Rates of growth appeared to be

minimal (about 0.6mm 2
per day) at the time of seasonal

maxima of water temperatures, and maximal Cabout

2.0mm2
per day) at the time of minimal water temper-

ature values. An inverse relationship thus appeared to

exist between water temperature and the rate of shell

growth. Abrupt increases in growth rates seemed to

follow the spawning periods of April and early October.

By utilizing the seasonal growth rate data, the approxi-

mate time of spawning was determined for each of four

age classes represented in transect samples collected on

29 March, 15 June, and 6 November of 1964. These age

classes appeared to have been derived from spawning

periods occurring in April 1963 and 1964, January 1964,

and October 1964.
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A Rare Epitonium from the Gulf of California

BY

HELEN DUSHANE

1 50 1 2 El Soneto Drive, Whittier, California 90605
1

(Plate 52)

Recently I have had the opportunity to study the rather

extensive collection of epitoniids of the Allan Hancock

Foundation at the University of Southern California. I

found three specimens of unusual interest, and identified

them as Epitonium (Sthenorytis) turbinum Dall, 1908.

These three Hancock Foundation specimens indicate an

important extension of range of the species worth

reporting.

Dall (1908) described an Epitonium from off Hood

Island, Galapagos Islands, taken during dredging opera-

tions by the U. S. Fish Commission steamer Albatross in

1891. Only the apertural whorl was dredged, and from

this Dall gave a surprisingly accurate description of

Epitonium (Sthenorytis) turbinum. His description is as

follows

:

"Specimen decollate, as figured, but showing the specific

characteristics sufficiently well; form depressed-turbinate, aper-

ture circular, very oblique: whorls coherent, rapidly enlarging,

probably four or five originally; smooth, except for incre-

mental lines: last whorl with ten strong, broad, sharp-edged

varices of triangular section, the posterior portion pressed back

upon and concealing the suture; basal disk faintly developed,

the varices confluent on the base; umbilicus absent; peritreme

nearly circular. Height of last whorl, 22; diam. of last whorl,

28; of aperture exclusive of the varix, 11 mm.
U. S. S. "Albatross"', station 4642. four miles S. 41° E. from

the east point of Hood Island, Galapagos Islands, in 300

fathoms, broken shell, bottom temperature 48.6° F. U. S. N.

Mus. 110,568.

This is the most depressed species of this group (regarded

by some authors as a genus) which has yet been described, as it

is almost certain that the spire, when perfect, diminishes with

proportionate rapidity to that of the portion figured. Its

nearest relation so far as known, is the S. stearnsii Dall, of the

Pliocene of San Diego, California, but this is considerably

more elevated than the Galapagos species."

1 Contribution No. 279 from the Allan Hancock Foundation

Since then nothing has been reported on this species.

However, the three specimens in the Hancock Foundation

collection were dredged by the Velero III in the eastern

Pacific, 1931 - 1941.

Two of the specimens were taken at Station 618-37,

off San Jaime Bank, Cape San Lucas, Lower California,

Mexico, 22° 50' 30" North Latitude, 110° 15' West Longi-

tude in 75 fathoms on a rock, coralline and sponge sub-

strate. These two specimens are in poor condition. The
dimensions of one are: 41mm long, 30mm wide (with

broken aperture), inside diameter of aperture 14mm.
There are 7 whorls, exclusive of the lost nucleus, and 10

costae; dimensions of the other specimen are: 35 mm long

(early whorls broken), 31mm wide (with broken aper-

ture), inside diameter of aperture, 14 mm. Four whorls

remain and 10 costae.

The third specimen was obtained at Station 572-36,

north of San Pedro Nolasco Island, Gulf of California,

Mexico, at 27° 58' 40" North Latitude, 1 1 1
° 24' 10" West

Longitude in 60 fathoms on a rock and sand bottom.

This specimen is in good condition although not taken

alive and shows the proportionate rapidity with which

(as Dall phrased it) the spire diminishes in relation to

the apertural whorl. The dimensions are: 40mm long,

29 mm wide, inside diameter of aperture 15 mm. There

are 6 whorls, exclusive of the lost nucleus, and 10 costae.

The only other somewhat similar Epitonium of the sub-

genus Sthenorytis from the Gulf of California is E. (S.)

paradisi Hertlein & Strong, 1951, which has a less

oblique aperture and a much different shape of the

varicose axial costae. The produced structure of the ribs

of E. paradisi give a wing-like effect, not true of E. tur-

binum, which has reflected costae with coarsely layered

radial striations. The costae of E. turbinum follow closely

the contour of the body whorl, with a small spine at

the shoulder.
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Inquiries made to, or personal observation of collec-

tions in the American Museum of Natural History, Cali-

fornia Academy of Sciences, San Diego Museum of

Natural History, Stanford University, Los Angeles County

Museum of Natural History and the Santa Barbara

Museum of Natural History failed to reveal specimens of

Epitonium turbinum. Our three specimens constitute an

enormous range extension. The two specimens from San

Jaime Bank, Lower California, extend the range north-

west from the Galapagos Islands 3330 km (2100 miles).

The third and most northerly specimen, taken off San

Pedro Nolasco Island, Gulf of California, indicates a

range extension of 3885 km (2450 miles) from the Gala-

pagos Islands.

The discovery of these three specimens indicates a

wider distribution of the species than could have been

anticipated. It is evident that Epitonium turbinum occurs

not only as far north as the southern tip of Lower Cali-

fornia, but in fact extends halfway into the Gulf of

California. Therefore, this report should be of interest

to all concerned with the fauna of the Gulf of California

and specifically those interested in the family Epitoniidae.
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Figure 3 Figure 4 Figure 5

Figure 1: Apertural view of Epitonium (Sthenorytis) turbinum Dall, 1908

Hancock Foundation Station 572-36, San Pedro Nolasco Island,

Gulf of California, Mexico (x 1^)

Figure 2: Back view of the same specimen, (x i£)

Figure 3: Same specimen viewed from above showing decollation of the spire (x 1 )

Figure 4: Apertural view of Epitonium (Sthenorytis) turbinum Dall, 1908

Hancock Foundation Station 618-37, Cape San Lucas,

Lower California, Mexico (x 1)

Figure 5: Apertural view of Epitonium (Sthenorytis) turbinum Dall, 1908
Hancock Foundation Station 618-37, Cape San Lucas,

Lower California, Mexico (x 1)
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NOTES & NEWS

Starved Abalones

BY

NETTIE MacGINITIE

AND

GEORGE E. MacGINITIE

Friday Harbor, Washington 98250

That abalones stay pretty much in one place and do not

wander extensively is no doubt a matter of fairly common
knowledge among divers interested in our subtidal fauna.

Evidence for a "home'
-

instinct is found in the abalones

that not infrequently are taken with shells abraded on the

top because the animals were living between rock ledges

that provided too shallow a space. This abrasion is some-

times so extensive that the shell is entirely worn away
between two or more of the apertures. It is improbable

that a wanderer would have stayed in a place that

pemitted so little freedom of movement.

It would seem that if anything would induce an abalone

to move, it would be lack of food, but apparently not even

starvation can induce this mollusk to move far from

"home." On 28 April, 1958, an abalone diver, Mr. Dale

Seeman, brought to the Kerckhoff Marine Laboratory

some abalones that had been collected near the Laguna
Beach outfall. In this area the seaweeds had been killed

off, no doubt largely by the fresh water from the outfall.

The abalones that Mr. Seeman brought to us were ob-

viously in a starved condition. The animals appeared

shrunken within their shells and the flesh was not firm.

Mr. Seeman said that all the abalones in the area denuded

of seaweeds were in the same emaciated condition. Typical

of such abalones was a Haliotis corrugata Gray with a

shell measuring 6j4 inches in length, 5 1/16 inches in

width, and 1% inches in height at its highest point. The
foot of the animal measured 3'/2 inches in length. 2*4

inches in width, and was 9/16 inch below the level of the

margin of the shell. The mantle did not extend to the

margins of the shell. Along the sides it lacked ^4 inch and

at the ends 15/16 inch of reaching the margin of the shell.

Concerning

"The Mollusca of the Santa Barbara County Area. Part II

Gastropoda and Amphineura."

BY

EUGENE COAN

Department of Biological Sciences, Stanford University

Stanford, California 94305

In 1964, I published a checklist of recent records of

Pelecypoda and Scaphopoda from Santa Barbara County.

The material in my collection upon which this report was

based was then donated to the Geology Department of

the California Academy of Sciences in San Francisco. I

had originally planned to complete this work with a sub-

sequent article covering the Gastropoda and Amphineura.

It has become apparent that, considering the difficulty

of making specific identifications of this material and my
preoccupation with graduate work, I will not be able

to complete this task.

For this reason, I have donated the remainder of my
material to the California Academy of Sciences so

that the entire collection can be together. It is to be

hoped that some worker in the future will avail himself

of these specimens so that such a checklist can be com-

pleted.

Concerning the Stanford University Set of Mollusca

from the Branner-Agassiz Expedition to Brazil

BY

EUGENE COAN

Department of Biological Sciences, Stanford University

Stanford, California 94305

Dall (1901) reported on a collection of mollusks ob-

tained on the coastal reefs of Northeastern Brazil by Dr.

J. C. Branner of the Geology Department of Stanford

University. One series of this material was retained at

Stanford, the remainder presumably having been depos-

ited at the United States National Museum. It arrived

at Stanford prior to the establishment of a formal, well-

curated collection of recent mollusks in the Geology

Department and was catalogued under different systems,
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being placed throughout the General Collection; some of

the material was lost.

An effort has recently been made to locate as many as

possible of these lots. They have been left as they were

numbered when they were originally catalogued, although

some previously uncatalogued specimens have been num-
bered under the present system. There are 90 lots, and

these have been placed in a separate drawer in the Mollus-

can Geographic Collection, an annotated copy of Dali/s

report having been placed with them. A paratype, Mulinia

branneri Dall, 1901, is present in the Stanford Univer-

sity Paleontology Type Collection, no. 7781.

A CORRECTION

BY

CRAWFORD N. CATE

(Plate 45; Figures 73 a, 73 b)

In Hawaiian Cowries (The Veliger 8(2): pit. 6, figs.

18 a and 18 b) an unfortunate error was inadvertently

commited. A short, broad, heavy, calloused form of Blasi-

crura teres pellucens (Melvill, 1888) was illustrated

where it had been intended to figure B. latior (Melvill,

1888). The above mentioned figures should have been

correctly identified as Blasicrura teres (Melvill, 1888),

variant. Blasicrura latior is correctly figured in Philippine

Cowries (this issue, Plate 45, Figures 73 a and 73 b)

.

A. M. U.

The 32nd annual meeting of the A. M. U. will be held at

the University of North Carolina at Chapel Hill, North

Carolina, August 22 - 26, 1966. We will be guests of the

North Carolina Shell Club. Arrangements are being made
to house our people in air-conditioned dormitories on the

campus so that we will be comfortable, close to the meet-

ings, and get the advantage of low rates. Because a very

attractive package deal of housing and meals is being

worked out, we are planning the meeting for a whole week

which will be less expensive than most of our meetings

have been when we stayed at hotels. There will be an all-

clay field trip probabl) in the middle of the week and all

in all we expect a very successful and interesting meeting.

Detailed information will be sent out to A. M. U. members

by our Secretary in the spring.

Ralph W. Dexter, President.

A. M. U.

Pacific Division

Meeting in Seattle

The AMU - P D 1966 convention is being held in

Seattle, Washington, from June 20 to June 23. Arrange-

ments have been made to convene at the University of

Washington, where excellent facilities are available.

The convenient starting date of Monday, June 20, will

allow weekend travel or taking advantage of the lowest

minus tides of the year for collecting. Many events are

scheduled, highlighted by interesting papers, and social

functions, including a reception, a banquet and luncheon

at the Space Needle.

For more information and reservations, contact Mrs.

Elsie Marshall, 2237 N. E. 175th Street, Seattle, Washing-

ton 98155.

California Malacozoological Society, Inc.

announces:

Backnumbers of

THE VELIGER
and other publications

Volumes 1 and 2 (facsimile reprint edition) $6.-*

(not sold separately)

Volumes 3, 4, 5, and 6 are out of print

Volume 7: $10.- Volume 8: $14.-

Supplement to Volume 3: $3.-* plus $-.25 mailing charge

Prices subject to change without notice.

Orders for back issues accepted subject to prior sale.

Subscription to Volume 9: $12.- domestic; $12.60 in

Canada, Mexico, Central and South America

;

$12.80 all other foreign countries.

Send orders with remittance to:

Mrs. Jean M. Cate, Manager, 12719 San Vicente Boule-

vard, Los Angeles, Calif. 90049. Please, make checks

payable to C. M. S., Inc



THE VELIGER is open to original papers pertaining to any problem

concerned with mollusks.

This is meant to make facilities available for publication of original

articles from a wide field of endeavor. Papers dealing with anatomical,

cytological, distributional, ecological, histological, morphological, phys-

iological, taxonomic, etc., aspects of marine, freshwater or terrestrial

mollusks from any region, will be considered. Even topics only indi-

rectly concerned with mollusks may be acceptable. In the unlikely event

that space considerations make limitations necessary, papers dealing

with mollusks from the Pacific region will be given priority. However,

in this case the term "Pacific region" is to be most liberally interpreted.

It is the editorial policy to preserve the individualistic writing style of

the author; therefore any editorial changes in a manuscript will be sub-

mitted to the author for his approval, before going to press.

Short articles containing descriptions of new species or lesser taxa will

be given preferential treatment in the speed of publication provided

that arrangements have been made by the author for depositing the

holotype with a recognized public Museum. Museum numbers of the

type specimens must be included in the manuscript. Type localities

must be denned as accurately as possible, with geographical longitudes

and latitudes added.

Short original papers, not exceeding 500 words, will be published in

the column "NOTES 8c NEWS"; in this column will also appear notices

of meetings of the American Malacological Union, as well as news items

which are deemed of interest to our subscribers in general. Articles on

"METHODS & TECHNIQUES" will be considered for publication in

another column, provided that the information is complete and tech-

niques and methods are capable of duplication by anyone carefully fol-

lowing the description given. Such articles should be mainly original

and deal with collecting, preparing, maintaining, studying, photo-

graphing, etc., of mollusks or other invertebrates. A third column, en-

titled "INFORMATION DESK," will contain articles dealing with any

problem pertaining to collecting, identifying, etc., in short, problems

encountered by our readers. In contrast to other contributions, articles

in this column do not necessarily contain new and original materials.

Questions to the editor, which can be answered in this column, are in-

vited. The column "BOOKS, PERIODICALS, PAMPHLETS" will

attempt to bring reviews of new publications to the attention of our

readers. Also, new timely articles may be listed by title only, if this is

deemed expedient.

Manuscripts should be typed in final form on a high grade white

paper, SV2" by 11", double spaced and accompanied by a carbon copy.
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