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\®\l' Reproductible Life History, and Larval Ecology of the

California Xanthidae, the Pebble Crabs

Jens W. Knudsen 1

This study is concerned with the reproduction,

life history, and larval ecology of the California

Xanthidae, the pebble crabs. The Brachyura of

the west coast of North America are not well

known with reference to their behavior and

ecology. Because of its economic importance, the

edible crab, Cancer magister Dana, has been

made the subject of a series of studies by Wey-
mouth (1917), Weymouth and MacKay (1934,

1936), and MacKay (1942). The only studies

of economically unimportant species are those of

Wells ( 1940) on the pinnotherid crabs of Puget

Sound, and Hiatt (1948) on the lined shore

crab, Pachygrapsus crassipes Randall. The latter

study is concerned primarily with ecology and

behavior, and its thoroughness makes it a pattern

for similar studies. The present paper is the

partial result of a study on the family Xanthidae

made by the writer while at the Allan Hancock

Foundation, University of Southern California.

The writer is grateful to Dr. John S. Garth and

Dr. Norman T. Mattox for their guidance in

this work.

The xanthid crabs of California are common
but seldom seen members of the lower intertidal-

zone fauna, found along protected rocky beaches.

Their superficial resemblance to beach pebbles

and their ability to "play dead” make them an

interesting group to study. Because of their

similarity, the scope of this paper has been

broadened to cover the four major species found

locally, rather than just one species. Thus, Loph-

opanopeus leucomanus leucomanus (Locking-

ton), Lophopanopeus bellus diegensis Rathbun,

Paraxanthias taylori (Stimpson), and Cyclo-

. xanthops novemdentatus (Lockington) are dis-

cussed collectively as the major California Xan-
thidae. Information concerning the reproduction

and life history of this group is almost totally

1
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lacking. This is also true, with regard to larval

ecology, for all Brachyura of western North

America.

REPRODUCTION

Sexual Dimorphism and Maturity

The only distinct, sexually dimorphic charac-

teristics of significance in the California Xanthi-

dae are found in the abdomen of mature and

submature specimens. The chelipeds of some

male crabs are said to be larger than those of

the female of the same species. There is con-

siderable variation of length-width ratios of

chelae among the local xanthid crabs, but there

is no strongly marked trend towards dimor-

phism. It is generally true that the largest speci-

mens are males. However, if the life span of the

male and female crab is approximately the same,

then the size difference is easily explained by

the work of Hiatt (1948: 165) with Pachy-

grapsus crassipes. Hiatt demonstrated that the

normal molt cycle of female crabs is interrupted

by periods of egg bearing, and that a longer time

is thus required for the female to reach a size

equal to a male. If this applies to the Xanthidae

as well, then the larger size of the male is not

sexual dimorphism, but is due to a normal in-

terruption of the female molt cycle. The abdo-

men, however, shows definite dimorphic trends,

and at the time of maturity differs distinctly in

male and female specimens.

In taxonomic work, as well as in natural his-

tory, it is often very useful to know if a par-

ticular specimen or size-class is mature. Gonad
study is impractical because (1) the specimen

is destroyed, (2) the sex organs may be dor-

mant at the time of year which the specimen is

collected, making determination impossible, and

(3 ) the individual would be of no further use

in a natural history study. Therefore, it is use-

ful to have certain external signs with which

mature specimens may be separated from im-

3
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mature. Seventy-five female xanthid crabs were

dissected in the month of June to correlate size,

gonad development, and abdominal character-

istics. An additional 178 females were examined

and measurements were taken on 63 of the pre-

mature to mature size range. These data will

be presented for each species.

Cycloxanthops novemdentatus: This species

shows signs of sexual dimorphism beginning at

the 6.5 millimeter (carapace width) size class.

Prior to this the male and female abdomen are

alike, composed of seven segments, the third

being the widest segment, while the sixth seg-

ment is less than two-fifths the width of the

second. From about 6.5 millimeters carapace

width the abdominal segments of the female

distal to the third segment broaden with each

additional molt. From the data given for this

species (Table 1) it can be seen that there are

two distinct classes, immature and mature, and

a transitional submature class.

The immature specimens are those females in

which the gonads are undeveloped and lack ova.

External signs of this are as follows: (1) the

third abdominal segment is the widest of all

segments; (2) the marginal abdominal "hair”

TABLE 1

A Survey of Mature and Immature Female Cycloxanthops novemdentatus*

WIDTH
IN MM.

WIDEST
AB. SEG.

LATERAL
"HAIR” LOCK

SPERMA-
THECA

CONDITION
OF OVARIES

CONDITION
OF EGGS

17.2 3 Vs X 0 undeveloped —
18.0 3 Vs X 0 undeveloped —
19.1 3 Vs X 0 undeveloped —
19.2 3 Vs X 0 undeveloped —
19.4 3 Vs X 0 undeveloped —
20.8 3-4 Vs — 0 somewhat developed —
22.5 3-4 Vs — 0 somewhat developed —
23.5 3 V4 X 0 undeveloped —
24.0 3 V4 X 0 undeveloped —
24.2 3 \a X 0 undeveloped —
25.0 3 V4 X 0 undeveloped —
25.8 3 V4 X 0 undeveloped —
26.0 3 Vi X 0 undeveloped —
26.2 3 Vi X 0 undeveloped —
26.4 3 Vi X 0 somewhat developed —
27.0 3 Vi X 0 undeveloped —
28.5 3-4 Vi X 0 somewhat developed —
30.0 3-5 Vi X 0 somewhat developed —
31.2 3-5 3/4 X 0 somewhat developed —
32.8 4-5 l — large ripe, gravid —
32.9 4-5 l — large ripe, gravid lg. blastomeres

33.0 3-5 l — medium ripe, gravid —
33.3 3-5 l — large ripe, gravid —
34.0 4-5 1 — medium ripe, gravid lg. blastomeres

34.5 4-5 l — medium ripe, gravid new
35.5 4-5 l — medium somewhat developed —
36.8 4-5 1 — large ripe, gravid new
37.0 4-5 l — large ripe, gravid —
37.5 4-5 l — large ripe, gravid —
38.0 4-5 1 — large ripe, gravid —
38.5 4-5 l — medium ripe, gravid new
40.0 4-5 1 — medium ripe, gravid —
41.0 4-5 1 — large ripe, gravid lg. blastomeres

42.8 4-5 l — medium ripe, gravid —
52.3 4-5 l — large ripe, gravid —

* The lateral abdominal hair length is given as a fraction of the third abdominal segment length; X, present; — ,
absent;

O, spermatheca empty; lg., spermatheca large, full of sperm; med., spermatheca of medium size, with some sperm.
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is 25 per cent or less than the length of the

third abdominal segment; ( 3 ) the sixth abdom-

inal segment is narrower than the second in

young, but immature females; (4) the pleopods

are sparsely provided with "hairs”; and ( 5 ) the

lock mechanism is present. The lock mechanism

is typical of male crabs of this species, and con-

sists of a pair of cup-shaped pockets on the

distal-lateral margins of the sixth abdominal seg-

ment, and a pair of protuberances projecting

forward from the fifth thoracic sternite which

lies in union with the sixth abdominal segment.

When the abdomen is "closed,” the cups of the

sixth segment fit over the protuberances of the

sternite and serve to lock the abdomen in place.

The last abdominal segment is free, and is ex-

tended for defecation without lowering the en-

tire abdomen. The protuberances of the sternite

are the most conspicuous evidence of this mech-

anism. Generally the maximum carapace width

of the immature female is 28.5 millimeters.

Submature or transitional females have well-

developed ovaries but generally lack developing

ova. The morphological changes from the pre-

ceding stages are as follows: (1) abdominal

segments three and four are of nearly equal

width; (2) the lateral "hair” on the sixth seg-

ment is almost 50 per cent as long as the third

abdominal segment; ( 3 ) the pleopods are more

fully developed; and (4) the lock mechanism is

generally present. The size of this stage ranges

between 28.5 and 33.0 millimeters.

The fully mature female Cycloxanthops no-

vemdentatus is about 33.0 millimeters wide or

wider, and has fully developed, gravid ovaries

(in season). Externally these specimens can be

determined by the following features: (1) ab-

dominal segments four and five are the widest;

(2) the lateral "hair” of the sixth segment is

about equal in length to the third abdominal

segment; (3) the sixth segment is wider than

the third; (4) the pleopods are very full in ap-

pearance; (5) the lock mechanism is lacking

entirely; and (6) the groove in the sternum

occupied by the abdomen is proportionally shal-

lower and wider than in the immature or male

condition.

About 4 per cent of the females examined had

a carapace width of 19.2 to 21.5 millimeters, but

had all of the characteristics of a mature female.

Normally female Cycloxanthops novemdentatus

are not ovigerous until June in southern Cali-

fornia, and the individual young take about the

same length of time to develop, probably two

years. The small but mature females are prob-

ably hatched early in April, and thus are large

enough in the following year to be influ-

enced by the warm temperatures of late summer.

Hence, the secondary sex characteristics are

brought on abnormally early.

Hiatt (1948: 198) used the presence of

sperm in the vas deferens as a criterion of matu-

rity in male Pachygrapsus crassipes. The writer

examined preparations from 15 Cycloxanthops

novemdentatus, several other xanthid crabs, and

several Pachygrapsus crassipes (within the ma-

ture size range), but concluded that the poor

results obtained were not worth the destruction

of additional specimens. A study of the external

genitalia of the male, however, reveals that the

intromittent organs are capable only of anterior-

posterior movement. Thus successful copulation

could not occur except with equal-sized females.

In this species the intromittent organs are fully

developed when the individual is 19.5 milli-

meters wide. Just prior to this they appear nor-

mal but are shorter than normal. Thus 20-

millimeter males are able to copulate with small,

mature females. However, the fertility of males

in this size-class has not been established.

Paraxanthias taylori: The anatomical features

important in determining the maturity of this

species are the same as for Cycloxanthops no-

vemdentatus. Signs of sexual dimorphism are

seen in 6.5 millimeter specimens when the distal

abdominal segments of the female begin to

broaden with respect to segment three. There is

no clear-cut transitional or submature class, in

that the morphological features of such a class

in this species are too indefinite to be of value.

Immature females which have underdeveloped

ovaries are characterized by the following ex-

ternal signs
: ( 1 ) the third abdominal segment

is the widest; (2) the second abdominal seg-

ment is wider than the sixth segment; ( 3 ) the

lateral "hair” on segment six is one half or

less the length of the third abdominal segment;

(4) and the lock mechanism is always present.

Females of this species mature between the

sizes of 11.5 millimeters to 13.5 millimeters. The
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wide range in size is probably due to their long

breeding season which allows considerable size

variation in each year class. Mature specimens

have either gravid ovaries, eggs attached to the

pleopods, or both. The anatomical changes and

signs of a mature female are as follows: ( 1 ) the

fourth abdominal segment is as wide as or wider

than the third segment in the smaller mature

specimens, while the fourth and fifth segments

are wider than the third segment in older

females; (2) the sixth abdominal segment is

wider than the second; ( 3 ) the lateral "hair” on

the sixth and/or seventh segment is equal to

the length of the third abdominal segment; (4)
the lock mechanism is lacking; and ( 5 ) the ab-

dominal groove in the thorax is shallower and

broader than in immature stages.

An attempt to analyze the maturity of males

of this species and of the genus Lophopanopeus

also met with little success. In both cases, how-

ever, the intromittent organs were fully de-

veloped when the male had reached a size

somewhat smaller than the minimal size (11.5

mm.) of a mature female.

Lophopanopeus l. leucomanus and L. bellus

diegensis: These species were studied independ-

ently but the data obtained were so similar that

both will be discussed together. Sexual dimor-

phism is evident when the female reaches a size

of 4.5 millimeters. This genus evidently matures

more quickly in these latitudes than do the

other genera, for ovigerous females having a

carapace width of only 8.5 to 9.0 millimeters

are common. This fact, together with the fact

that this genus has the longest breeding season,

explains in part its extensive northerly range.

Immature females have the following charac-

teristics: (1) the third abdominal segment is

wider than any other; (2) the lateral "hair” on

the sixth segment is one-half or less the total

length of the third abdominal segment; ( 3 ) the

pleopods are underdeveloped; and (4) the lock

mechanism is always present.

Mature females change in the following way:

(1) the fourth abdominal segment is as wide

or wider than the third segment; (2) the

lateral "hairs” on the last two abdominal seg-

ments equal the length of the third segment;

(3) the pleopods are fully developed; and (4)

the lock mechanism is absent.

PACIFIC SCIENCE, Vol. XIV, January I960

Internal and External Genitalia

The anatomical features of the genitalia are

the same for the three genera studied, although

there are some minor variations in shape and

size of such parts as the male intromittent or-

gans. The genitalia of Cycloxanthops novemden-

tatus will be presented as a representative type

of the other genera in this study.

The internal genitalia of the male (Fig. 1, A)

consist of the testes, which are dorsal to the

liver mass and which join medially over the pos-

terior portion of the stomach. From the testes

arise two tightly coiled ducts which are the

glandular portion of the vasa deferentia and

which secrete a fluid which aids in the conduc-

tion of sperm. From these coils, the vasa defer-

entia pass posteriorly, leave the visceral area, and

terminate in the coxae of the fifth pair of

pereiopods.

The first (Fig. 2, A) and second abdominal

appendages are modified to transfer sperm to

FIG. 1. Internal genitalia: A, Internal genitalia of

a male Cycloxanthops novemdentatus; B, internal gen-

italia of a female Cycloxanthops novemdentatus; fe-

male genitalia, longitudinal view. EP, external papilla;

G, glandular portion of the vas deferens; H, heart;

IN, intestine; OV, ovary; S, spermatheca; ST, stomach;

T, testes; V, vulvae; VD, vas deferens.
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the female. The first pair, the intromittent or-

gan, is nearly as long as the abdomen. Each

pleopod consists of three segments: the coxopo-

dite, basipodite, and flagellum (after Cochran,

1935: 46). The coxopodite is more or less

coalesced with the abdominal segments. The
basipodite and flagellum are closely associated

and appear as a single unit. Along the median

margin of the flagellum of the first pair of pleo-

pods is a canal through which sperm passes, and

into which is inserted the flagellum of the second

pleopod. The second pleopod moves up and

down in the canal during copulation and thus

serves as a plunger or pump to force sperm

through the canal. There is an external pair of

papillae on the coxae of the last pereiopods

which transfer sperm from the vasa deferentia

to the intromittent organs. These are perma-

nently situated in a funnel-shaped opening on

the anterior side of the basipodite of the intro-

mittent organs. Thus, during copulation sperm

is conducted through the vasa deferentia, through

the external papillae, into the intromittent or-

gans, and there pumped to the terminal end by

the second pair of pleopods, and transferred to

the vulva of the female.

The internal genitalia of the female are sim-

ilar to those of the male. There is a pair of

ovaries (Fig. 1, B and C) which are U-shaped

and lie over the liver anteriorly, and below the

heart posteriorly. They unite just behind the

dorsal side of the stomach where they give rise

to a pair of oviducts. Each oviduct enlarges into

a spermatheca as it passes ventrally, narrows

again, and terminates in a vulva which opens

on the sixth thoracic sternite (Fig. 2, B).

Mating Posture
,
Time

,
and Frequency

The writer had occasion to see pairs of Para-

xanthias taylori and of Lopbopanopeus bellus

diegensis in copulation on 12 different occasions

in the laboratory. On one of these occasions the

entire act was witnessed. There is no prenuptial

pairing or courting in the Xanthidae as reported

for other crabs by Williamson (1903: 101),

Hay (1904: 405), and Churchill (1918: 105).

The writer has seen the courting of Cancer an-

tennarius on four occasions in the field. During

the prenuptial pairing the male of this species

carries the slightly smaller female around in his

chelae. When disturbed he runs to a hiding place

with the female tightly in his grasp. If sepa-

rated the female is very passive and will offer

no defense. The male "courts” the female until

she completes ecdysis, at which time they copu-

late. Two mating pairs of this species were

found at Palos Verdes in which the female was

completely soft, having just molted. In each in-

tance the crabs were in copulation.

The California Xanthidae breed while in a

hard-shell state, and not after molting. The one

complete act observed progressed as follows: A
male Paraxanthias taylori approached a female

of this species. The female raised her chelae,

which were grasped by the male’s chelae, and

was lifted above the substratum. Without break-

ing stride the male pushed the female over back-

wards and proceeded to straddle her body. The
male then lowered his abdomen, catching the

female’s abdomen with it as he did so. By ex-

tending his abdomen under hers, he forced the

female to open her abdomen away from her

body and thus expose the vulvae. The intro-

mittent organs were lowered automatically with

the male’s abdomen and were quickly inserted

into the vulvae.

In the laboratory, xanthid crabs were seen in

copulation for periods up to 3 hours. The male

was always dorsal to the female, which is a posi-

tion typical for most Brachyura, but is unlike

that of Pachygrapsus erassipes (Hiatt, 1948:

199). Copulation was often repeated by one

pair of crabs on several successive days. Forty

per cent of the ovigerous females examined had

full or partially full spermathecae, which sug-

gests that copulation may not be required for

each batch of eggs.

Reproductive Season

There is considerable variation among the

major genera of the California Xanthidae in the

duration of their reproductive seasons. The
writer has observed ovigerous females of Lopho-

panopeus l. leucomanus and of L. bellus diegen-

sis collected from February to October inclusive.

Paraxanthias taylori has the next longest season,

with ovigerous females common from April to

September. Cycloxanthops novemdentatus does

not become ovigerous until the middle part of

June. Females of this species were collected with
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eggs in September, but no later record of egg

bearing is available. The local Lophopanopeus

and Paraxanthias remain in the normal tidal

range, while ovigerous Cycloxanthops novem-

dentatus migrate to about the minus 3- to 6-foot

tide level before extruding their egg masses.

Only one ovigerous female of this species has

been deposited in the Hancock Foundation col-

lection. Almost all of the ovigerous specimens

collected by the writer were obtained by skin

diving rather than by collecting on shore. Dur-

ing the reproductive season the sex ratio at the

higher tide levels is unbalanced, while in the

winter and spring months there is an equal ratio

of male and female crabs.

Egg Mass

The egg mass attached to the pleopods of the

female varies in proportion to the size of the in-

dividual and, to a lesser degree, between dif-

ferent individuals of the same size-class. Table

2 gives the estimated number of eggs carried

by 15 xanthid crabs. In each case the eggs

were stripped from the pleopods and 300 were

counted. The volume of the 300 eggs divided

into the total volume multiplied by 300 gave the

approximate total number of eggs. In all cases

the crabs used were smaller mature individuals

rather than older and larger individuals. It can

be seen that the total number of eggs is roughly

proportional to the size of the individual. Ma-
ture Lophopanopeus spp. would thus carry from

1,000 to 6,400 eggs within their normal size-

range, while an average-sized individual may
carry around 3,500 eggs. An average Para-

xanthias taylori may carry about 21,000 eggs and

an average-sized female Cycloxanthops novem-

dentatus about 45,000 eggs.

Egg Extrusion and Attachment

At the time of extrusion of the egg mass the

individual eggs pass through the oviduct and

into the spermathecae. Then they pass out of the

body by means of the vulvae, and drop into a

"basket” formed by the abdomen and its ap-

pendages. The process of egg extrusion was ob-

served on four occasions, but in each instance

the eggs were aborted, and were not fastened to

the pleopods. However, this process was essen-

tially the same as when eggs are attached, except

that the female crab periodically shook the eggs

from her pleopods and allowed them to fall to

the floor of the aquarium.

During egg extrusion the female tilts her

body backwards and elevates it above the sub-

strate by extending her walking legs beneath

her. The abdomen is lowered to about a 50 de-

gree angle below the body plane. The sixth and

seventh abdominal segments are turned upward,

and together with their marginal "hair” serve

to catch the eggs. The exopodites of the four

pairs of pleopods are heavily set with "hair” on

their anterior and posterior margins. When these

are extended laterally they complete the "basket”

which receives the eggs. Thus the basi-abdominal

segments form the posterior wall, the median

segments form the floor, the terminal segments

form the anterior wall, and the exopodites form

the lateral walls of the egg "basket.” Eggs stream

from the vulvae and are received by the abdo-

men. As they do so the endopodites of the pleo-

pods move up and down through the loose egg

mass. The endopodites are set with long smooth

"hairs” to which the eggs are attached. When
a part of an egg mass is examined microscop-

ically it can be seen that there is an umbilical-

like thread attached to each egg. This thread is

wrapped around and attached to the pleopod

"hairs.” However, the end of the thread is not at-

tached to the "hairs” but remains free. One of

the mysteries, still unsolved, is the origin of this

thread, and the method of its attachment to the

egg and to the pleopod "hair.” Broekhuysen

(1936: 277) gives an excellent review of the

literature, outlining nine possible answers to the

problem, but concludes that the theories are still

unsatisfactory for the Brachyura. The present

writer observed that there is a sticky consistency

to the entire egg mass shortly after being ex-

truded, but he has not had opportunity to study

this more fully. This sticky material may be a

cement product secreted by the crab, as is the

case of the lobster (Herrick, 1895: 48). How-

Fig. 2. External genitalia: A, External genitalia of a male Cycloxanthops novemdentatus

;

B, external gen-

italia of a female Cycloxanthops novemdentatus. A, abdomen; I, intromittent organs; P, second pleopod in-

serted into the first pleopod; P', pleopods to which the eggs are attached; V, vulvae.
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TABLE 2

Number of Eggs per Mass of Different Sizes

of Xanthid Crabs

SPECIES

CARA-

PACE
WIDTH

EGGS

COUNTED

ESTI-

MATED
TOTAL

L. 1. leucomanus 8.5 mm. 300 1,250

L. 1. leucomanus 9.2 mm. 300 2,100

L. 1. leucomanus 10.0 mm. 300 1,000

L. 1. leucomanus 10.0 mm. 300 3,000

L. 1. leucomanus 1 1.5 mm. 300 3,600

L. 1. leucomanus 12.0 mm. 300 3,300
L. 1. leucomanus 12.5 mm. 300 3,500

L. 1. leucomanus 13.5 mm. 300 4,200
P. taylori 15.0 mm. 300 3,800

P. taylori 18.5 mm. 300 6,450

P. taylori 19.0 mm. 300 7,200
P. taylori 29-5 mm. 300 20,300
C. novemdentatus 32.9 mm. 300 22,500
C. novemdentatus 34.5 mm. 300 23,400
C. novemdentatus 38.5 mm. 300 40,680

ever, the eggs are never stuck together after at-

tachment, and are never attached to the ex-

opodites, which are equally as "hairy” as the

endopodites. Williamson (1903: 109) suggests

that the endopodite "hairs” puncture each egg,

and that the "umbilical” thread is then produced

by material which streams from the egg. Broek-

huysen (1936: 281) has raised many objections

to this idea, concluding that it is a physical

impossibility.

LIFE HISTORY, STAGES, AND DURATION

The life cycles of four of the most common
xanthid crabs in the southern California area

were worked out and compared by the writer.

Of the four published life cycles of British

Columbia Brachyura by Hart (1935: 414), one

is of a xanthid crab, Lophopanopeus bellus bellus

(Stimpson). The data given by Hart compare

favorably with those obtained by the writer, thus

permitting a discussion which may be applicable

to the entire family.

The eggs are attached to the pleopods and

there incubated from 25 to 30 days. The female

periodically flexes and extends her abdomen as

if to allow fresh sea water to wash and aerate

the eggs. From time to time the female plucks

eggs or other material from the egg mass with

her chelae, and conveys this to her mouth. The

exact reason for such action is not known, but it

may be a method of cleaning the eggs. In the

field it was noted that ovigerous females of

Lophopanopeus b. diegensis, Lophopanopeus l.

leucomanus, and Paraxanthias taylori were often

stranded by minus, low tides. These animals

make no attempt to enter tidepools a few inches

below them, but rather remain in their hiding

places. The abdomen of such animals is closed

over the egg mass, thus keeping considerable

water around the eggs. In the laboratory a tall

rock-filled water jar was stocked with ovigerous

xanthid females. The sea water was then slowly

siphoned out in an attempt to simulate the

lowering of tides. Paraxanthias taylori and Loph-

opanopeus l. leucomanus did not follow the

receding water, but stayed out of water where

they finally died. Eggs kept out of water in moist

algae up to 6 hours were viable when returned

to water. Thus periodic withdrawal of water

under normal tidal conditions has no apparent

effect on the eggs.

Hatching occurred most frequently at night

shortly after dark. Occasionally a few individ-

uals of a given egg mass will hatch during the

daylight hours, but these are followed by mass

emergence of the other larvae at night. Hatch-

ing begins as the egg capsule splits about half-

way around, above the dorsal surface of the

larva. The larva struggles out of the capsule,

dorsal side up, and swims free of the mother

crab. During the peak of the hatching period

the flexion and extension of the females ab-

domen increases very noticeably. With each

flexion many larvae are washed away from the

egg mass.

The prezoea (the larva just after hatching)

has its maxillipeds, antennules, antennae, telson,

and spines telescoped. There is no apparent

ecdysis between this stage and the first zoea.

Rather, the folded extremities are extended by

haemocoelic fluid as is the case after normal

ecdysis. Hiatt (1948: 204), however, reports

true ecdysis after the prezoeal stage in Pachy-

grapsus crassipes. Healthy prezoeae swim for 30

minutes to 2 hours before the expansion is com-

plete. When the larvae are completely expanded

they are called zoeae.

There are typically four zoeal stages and one

megalops stage in the xanthid life history. The

zoeae are pelagic, photopositive forms which
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feed on smaller animals or plants. Each zoeal

stage resembles the previous one, but shows a

marked increase in size. The megalops more

closely resembles a crab, having chelae and four

pairs of walking legs. This stage settles and

molts, thus becoming the first crab stage which

resembles the adult. In the laboratory an average

of 5 weeks was required to complete the larval

stages of the four species. The first zoeal stage

lasted from 4 to 6 days. The megalops stage

lasted from 7 to 10 days. The first crab stages

lasted 13 days, but each stage beyond this re-

quired an increase in time for completion.

LARVAL HABITS AND ECOLOGY

Locomotion

The zoea uses two forms of locomotion. The

first is a form of directional swimming in which

the larva moves in a straight line. Swimming is

always carried out in the direction of the dorsal

spine so that the body is either in a normal or

inverted position (Fig. 3, A, B). The first and

second maxillipeds are used as paddles and

rapidly move up and down as the larva swims.

Fig. 3 . Methods of zoeal locomotion: A, Normal
maxilliped locomotion; B, inverted maxilliped loco-

motion; C1-C2, maxilliped-telson or hop-up-and-sink

locomotion.

On the distal end of the exopodite of the maxil-

lipeds are four or more plumed natatory "hairs.”

These "hairs” fan out as the blade of an oar and

give the zoea added thrust. After each ecdysis

several new natatory "hairs” are added to help

propel the additional mass of the zoea.

Weldon (1889: 169) states that steering is

effected by means of the telson and abdomen.

This may be the case where positive photo-

taxis is not involved. Mast (1938: 209-216)

has shown that photopositive animals with bi-

laterally located photoreceptors and locomotor

organs are affected by the amount of light that

each photoreceptor receives. Thus when more

light strikes the right eye the left bank of loco-

motor organs become more active until the body

is turned to a point where both eyes are equally

illuminated. To test this for the Xanthidae, many
zoeae were placed in an 8-inch cylindrical jar

in a darkened room. When a light was turned

on the larvae swam towards it, but when one

light was replaced by a second light 90 degrees

away, the larvae turned and swam in that direc-

tion. When a light was rotated around the jar

the larvae swam in circles in a horizontal plane.

When the light was slowly passed over, around

and under the jar the larvae swam in vertical

circles.

The second form of zoeal locomotion is

a random hop-up-and-sink type of movement

which follows no definite direction. As a zoea

sinks, it draws its abdomen up against its thorax

and raises its maxillipeds (Fig. 3Ci). Simulta-

neously the abdomen and maxillipeds are thrust

downward, resulting in an upward propulsion of

the larva (Fig. 3C2 ) . The process is repeated so

that the zoea remains at approximately the same

level in the water column.

Megalops do not use their mouth parts for

locomotion but swim by means of pleopods and

walk by means of pereiopods. Newly molted

megalops are photopositive while older individ-

uals become somewhat photonegative. When
swimming, the pereiopods (Fig. 4A) are folded

against the body and the abdomen is fully ex-

tended. When the megalops turns upward ( Fig.

4B) or downward (Fig. 4C) the abdomen is

bent up or down, as the elevator of an airplane,

to effect the change in direction.
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Fig. 4. Locomotion of the megalops stage. See text.

The rate of directional swimming is remark-

able. Zoeae placed in a piece of glass tubing 1

inch in diameter and one meter long swam the

meter distance in a horizontal plane in 45 to 60

seconds. For this experiment a light was used to

maintain the direction of swimming and a wrist

watch for timing. These times compare exactly

with those recorded by Foxon (1934: 842) for

Galathea, Eupagurus, Pandelus, and Porceliana
larvae. Xanthid larvae swam up a 1 -meter

column in 50 to 60 seconds, while swimming
down the column required only 12 to 15 seconds.

Xanthid megalops were only timed on one occa-

sion, at shipside while at anchor. The average

approximated rate was 2 meters per minute, or

about twice the speed of zoeae. Foxon (1934:

843) suggests that the larval swimming rate

is sufficient for diurnal migration, which actually

does occur (Russell, 1927).

Orientation

Mast (1938: 215) suggests that a portion of

the eye functions as a receptor which detects the

direction of light. When a light source is present

the larvae show no response to gravity as seen

above, and as reported by Weldon 1889: 169),

Spooner (1933: 395), and Foxon (1934: 838).

However, Foxon demonstrates that when light is

absent a normal dorsal-up orientation is main-

tained. Gurney (1902: 475) suggests that the

carapace spines play some role in orientation,

since statocysts are not present in the zoea.

Foxon demonstrated that drugged zoeae, or those

with the maxilliped exopodites excised, sank un-

controllably, suggesting awareness and func-

tional exopodites are required also. However,

more testing of these theories is necessary.

Pood and Feeding Habits

Lebour (1928: 500) states that the natural

food of zoeae consists of planktonic organisms,

such as diatoms and other microscopic algae,

larval and small adult animals. In the laboratory,

mixtures' of protozoans, turbellarians, diatoms,

and other aquarium dwellers were fed to the

zoeae. However, the nauplius larva of brine

shrimp, Anemia

,

proved to be an excellent

source of food for the zoeae. Megalops fed upon

Artemia, zoeae, and small sessile algae.

Zoeae were observed under the microscope

while feeding on nauplius larvae. A zoea catches

a nauplius by swimming just a little above it,

tilting backward, and dropping down upon it

from above. The nauplius is caught between the

maxillipeds (which are used for feeding as well

as for locomotion ) and held by the endopodites.

The rostral spine and antennae prevent the

nauplius from escaping anteriorly. The abdo-

men and telson are curled beneath the nauplius,

preventing escape posteriorly and ventrally. The

mandibles are then in position to feed upon the

nauplius. During the feeding process the ex-

opodites of the maxillipeds are used for the

locomotion or balance of the zoea.

Ecdysis

In the laboratory the periods of larval ecdysis

are the times of the greatest mortality. The molt

from the first to the second zoeal stage is the

most critical, while the molt and transition from

the fourth zoea to the megalops stage is next.

During the act of molting a great deal of energy

is spent in an attempt to get free of the old

"skin.
5
’ Zoeae which pause to rest generally ex-

pand to a point where withdrawal becomes im-

possible. Larvae in this stage live for a while

with the old skin attached to them, but feeding

and future molting is generally impossible. Other

larvae are so weakened after ecdysis they are
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defenseless or unable to capture food, and even-

tually die.

On a few occasions zoeal ecdysis was seen

microscopically. The writer’s notes and the

examination of zoeae preserved while partially

through ecdysis reveal that the process is essen-

tially the same for larvae and adults (Knudsen,

1957: 133-142). The carapace is elevated dor-

sally above the abdomen. The abdomen and

pereiopods are drawn out of the old skin as the

new zoea expands upward and backward. As the

zoea backs out of the split in the old skin the

new dorsal spine is extracted from the old case.

The eyes, antennae, and rostral spine are the last

parts to be withdrawn. The haemocoelic pressure

quickly extends the body to its new size as the

molting process is completed. Once free of the

old skin the zoea swims away and begins feeding

in less than a day’s time.

'Enemies

To an individual pelagic larval crab, or any

other animal, every organism is a possible source

of food because it is smaller, or of neutral status

because of equal size and strength, or a predator

because it is larger. The diatom is generally

thought of as the basis of the oceanic food chain.

Above this come the tiny, filter-feeding animals,

which in turn, serve as food for larger planktonic

animals. Thorson (1950: 19) names depreda-

tion by other animals as the most important

form of wastage of planktonic larvae. The filter

feeders, from tiny crustaceans on up to fishes

(herring, mackerel) and even whales, probably

take the great percentage of larvae.

Obviously the xanthid zoeae are no exception,

but fall prey to any stronger or larger predator.

In the laboratory zoeae and megalops fed fre-

quently on other zoeae. Many first zoeae were

seen to eat the dorsal spine of other living first

zoeae. When Artemia larvae became too large

they too preyed on the zoeae. Copepods experi-

mentally placed in culture jars also took a toll

of zoeae.

Mortality of Larvae

Table 2 gave approximate numbers of eggs

produced at one time by various sized females.

An investigation of the gonads and sperma-

thecae of ovigerous females suggests that more

than one egg mass is carried per year. Judging

from the length of the breeding season, it ap-

pears that Lophopanopeus and Paraxanthias pro-

duce more than two egg masses each year. Thus

a 40-millimeter female P. taylori may produce

up to 120,000 eggs per year.

There is no direct method of measuring the

mortality of pelagic larvae. Thorson ( 1950: 12-

19) states that food conditions, temperature

conditions, metamorphosis, unfavorable current

transport, and predators are the sources of waste

of pelagic larvae. Where commercial records are

kept for a species for a long period of time some
estimate of the total adult population, the yearly

spawn, and the larval mortality can be made.

However, if the entire population of a species

remains relatively constant over a long period

of years, then, barring short-term fluctuations,

the following supposition can be made: only one

pair of F-l individuals produced throughout the

life span of one breeding pair reaches maturity

and reproduces. Thus the annual larval mortality

rate equals the total number of eggs produced

by an entire species population that year, minus

the total mortality of mature individuals of that

species. Periodic fluctuations in adult popula-

tions, by this line of reasoning, are due to a

modification of one of the larval waste factors

outlined above, or to some change in conditions

which affect the early crab stages. In the case of

the Xanthidae, these factors are the total amount

of habitat available, food conditions, tempera-

ture conditions which may speed up or retard

development and reproduction, population pres-

sures, depredation, and competition for food.

Thus, the reasoning used is based on a long-

term basis in which fluctuating conditions and

the resulting population change will balance out.

Current Transport

There are two main ocean currents which are

responsible for water movement off the coast of

California. These are the California Current,

which transports water to the south, and the

Davidson Current, which transports water to the

north. The California Current prevails from

February to October during the seasons of west-

erly winds and upwelling. In the fall when the

westerly winds and upwelling cease, a counter

current develops which, in November through
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January, transports water as far north as the 48th

parallel (Sverdrup, Johnson, and Fleming, 1942:

454, 502, and 726 for maps). In spite of some
occasional nearshore reversal of currents, due

to various meteorological conditions, the domi-

nant flow of the California Current during the

xanthid larval season is to the south. This would

mean that any xanthid larva entering such a sys-

tem during its five-week developmental period

would be swept southward and metamorphose

50 to 100 miles from where it hatched. Para-

xanthias taylori and Cycloxanthops novemden-

tatus at Monterey, California, would thus pro-

duce larvae settling at Point Conception, Cali-

fornia, and those larvae from Point Conception

would settle at Palos Verdes, California, and so

on. Obviously this is not the case, for ( 1 ) there

is no point of larval supply for Monterey, and

(2) at 3- to 4-year intervals the distribution of

these species would recede 50 miles or more

southward. There must, then, be a current sys-

tem or some other factor peculiar to the near-

shore waters which maintains larvae spawned in

a local area until they finish their cycle.

To see if such a factor exists, a series of simple

float studies was employed in the first bay south

of Resort Point, Palos Verdes Hills, California.

Experiment 1. Drift bottles were set out 3

hours before low tide and 3 hours after low tide

on November 11, 1955. The bottles used were

small, eighth-pint bottles, with colored markers

inside. They were launched by means of a leather

thong slingshot. Two observers plotted their drift

pattern from the cliff top from 9:30 a.m. to

5:30 p.m. Though all of the markers remained

in the bay, some of those placed closer to the

point entered an eddy system in the mouth of

the bay, while others moved towards the head

of the bay and there entered a smaller eddy

system, but none were washed to shore or out

to sea.

Experiment 2. In May 1956, forty "drift

arrows” were set out. The arrows consisted of

36-inch, weighted, wooden shafts with small

cloth flags at the top. These were shot from the

cliff into the bay with a hunting bow, and their

drift recorded. These were not very satisfactory

in that they were hard to see at distances greater

than 200 yards. Most of the arrows in the bay

were carried beyond Resort Point, and then

southward, out of sight within 20 minutes. A
few arrows came into the breaker zone and
were washed ashore.

Experiment 3. On July 10, 1956, thirty drift

cards were released at 6:00 a.m., one hour after

low tide. In this case, the cards were placed just

beyond the breaker zone and all floated out to

sea and out of sight. Four of these cards were
found that same afternoon by swimmers within

a one-half mile radius of the bay. A fifth, and
more significant card, was found 12 days later

still adrift just off shore in the next bay south.

Experiment 4. On July 18, 1956, forty-five

drift cards were set out at 10:00, 11:00, 12:00

and 1:00 o’clock but in each case were swept

ashore, regardless of their launching point. On
the first three attempts half of the cards were set

in the middle of the bay and half at the mouth
(by swimming out with them). Within 40

minutes after launching they were in the surf

zone along the south side of the bay where they

were gathered up. On the last attempt the writer

placed the cards about 200 yards out beyond

Resort Point opposite the mouth of the bay.

These also drifted in towards shore where some
were picked up by swimmers and returned.

Experiment 5. Thirty drift cards were set out

in the bay at 12:00 noon, September 1, 1956.

These drifted out of sight within 30 minutes

after being released. Four of these cards drifted

back into the bay late in the afternoon, and were

picked up by swimmers. One more was found in

the water within the bay, 8 days later. Another

card was found on El Morro Beach 16 days later,

and still one more was returned from Carlsbad

Beach 19 days later.

Experiment 6. Thirty drift cards were re-

leased in the mouth of the bay at 1:40 p.m.,

September 1, 1956. These cards drifted into the

beach and were collected there.

A great deal of additional work is needed be-

fore any conclusions can be reached as to the

current patterns near Resort Point. The results

obtained were of three types: (1) floats re-

mained in a continuous eddy system; (2) floats

left the bay but returned at a later time; and

( 3 ) floats drifted directly into the bay. It is in-

teresting to note that a float was recovered in

the water in the bay almost 2 weeks after being

released. Others which had floated from the bay
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returned and were picked up in the water. Still

other cards were caught in an offshore current

and carried far to the south.

It is evident that the currents around Palos

Verdes are irregular and frequently shift direc-

tion within a short time. Wind, tide level, and

bottom topography may all serve to create and

alter these currents. It is also evident that the

currents observed are peculiar to a narrow strip

of water embracing the headland, and that the

California Current has little or no effect here.

That the California species of Xanthidae are not

rapidly disappearing from Palos Verdes sug-

gests this also. The writer believes that a portion

of xanthid larvae are caught in a southerly cur-

rent (Experiment 5) and die in the first crab

stage when a suitable habitat is not found. This

is suggested by first crabs and megalops clinging

to drift algae, and by the deep water distribution

of L. b. diegensis.

Macrocystis Beds

Along the major portion of the range of

the California species of Xanthidae are found

large beds of the giant brown kelp, Macrocystis

pyrifera. This alga grows in water from 30 to

90 feet deep all along the rocky shores. In the

summer it forms a very thick mat of growth at

the surface which divides the outer oceanic

water from a thin strip of water between the

kelp beds and the shore. A single bed often

extends for many miles along the coast without

interruption.

Such dense, uninterrupted growths could serve

to ( 1 )
protect larvae, ( 2 ) offer hiding places

where the cycle could be completed, and (3)

alter currents to maintain an inshore eddy sys-

tem. Andrews (1945: 36) concludes that kelp

beds at Monterey, California, check currents and

wave action, and offer protection to develop-

ing larvae. Limbaugh (1955: 13) reports the

"dumping” of long waves which reach the kelp

beds, but states that short waves pass through

them with little interference.

Of the animal life in the canopy of Macro -

cystis there are such forms as pelagic and near-

shore fishes and invertebrates, especially larval

forms (Limbaugh, 1955: 14). The writers

plankton net collecting did not indicate plankton

to be more abundant in kelp beds, but the

amount of work done is so small (18 net hauls,

half in kelp beds ) ,
and accomplished under such

awkward conditions (small skiff and inner-tube

raft), that it is of no significance. Limbaugh

records less plankton collected in the kelp beds

than such places as over rocky nearshore bottom

where plankton is abundant. He explains this by

the abundance of fish which filter feed in the

kelp beds and thus reduce the plankton there.

However, difficulty in using a net in kelp beds

may also explain this difference. The significant

points demonstrated are ( 1 ) that schools of fish

are attracted to feed in the kelp beds, denoting

a concentration of plankton which probably seek

shelter there, and (2) the presence of a large

number of larvae inshore from the kelp beds.

It seems apparent that the kelp beds and/or

peculiar nearshore currents are holding the larvae

and thus preventing a reduction of species along

our coast.

Inshore Migration

Unless a mechanism such as that suggested

above keeps the xanthid larvae close to their

habitat area, the megalops stage must migrate

inshore at the time of metamorphosis. The drift

card Experiment 4 shows that currents are, at

times, very favorable to inshore migration of the

larvae. Rafting on drift algae may be a second

method employed by xanthid crabs to migrate

inshore. Cunningham (1898: 205), Lebour

(1928: 499; 1947: 528-535 ), and Hiatt ( 1948:

204) report finding megalops and/or first crab

stages along the beach. The writer has also re-

covered the megalops of Pachygrapsus cras-

sipes
,
Hemigrapsus nudus, and Lophopanopeus l.

leucomanus at the bay, thus suggesting that the

megalops stage completes metamorphosis after

reaching the adult habitat.

Early Crab Stages

The early crab stages of Paraxanthias taylori,

Lophopanopeus l. leucomanus, and Cycloxan-

thops novemdentatus were found on many oc-

casions along the Palos Verdes shore. These

resemble the mature adults in carapace propor-

tions and gross appearance. The young Para-

xanthias taylori resembles the adult in color also

while the young of Cycloxanthops novemden-

tatus and of Lophopanopeus l. leucomanus are

of many different bright colors. These little

animals are found in the smallest of cracks or
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spaces between snail tubes, or even, in the case

of Lophopanopeus l. leucomanus, in the dense

coralline turf on top of rocks in the xanthid

habitat. Edcysis is probably carried out in the

security of such places. The early crab stages

molt every 10 to 15 days and grow rapidly in

their first year. The smallest crab stages feed on

microscopic red algae which grow in the shaded

areas of their habitat. The small crabs are easily

attracted to raw meat, such as abalone, but it is

doubtful if their diet contains much of this. The

megalops and first crab stages have many en-

emies in blennioid fishes and other crabs. While

making periodic underwater observations, it was

noted that blennioid fish occupy the xanthid

habitat at high tide. These fish spend much of

their time lying in wait on top of algal covered

rocks. At times they were seen to dart away from

their hiding place to catch isopods. When small

xanthid crabs were dropped nearby the fish

made a serious effort to capture them. This sug-

gests that the blennioid fish may be preying

upon the xanthid crabs. To test this suggestion,

stomach examinations were made on 51 blen-

nioid fishes of the following species: 31 Clino-

cottus analis (Girard), 5 Olygocottus maculosus

( Girard ) , 3 Artedius lateralis ( Girard ) , 5 Gib-

bonsia eligans (Cooper)
,
and 7 Gibbonsia metzi

Hubbs. The stomachs contained many limpets,

snails, polychaetes, crustaceans, and small fishes.

Of the Crustacea there were isopods, amphipods,

Caprelia, stomatopods, shrimp, porcellanids, her-

mit crabs, and the following Brachyura: Pachy-

grapsus crassipes, Lophopanopeus spp., Pugettia

producta, and Herbstia sp. In the stomach con-

tents crustaceans were dominant, while mollusks

were second in volume. Both adults and mega-

lops of the genus Lophopanopeus were found,

thus establishing the blennioid fish as enemies

of the Xanthidae.

SUMMARY

1. Sexual dimorphism of the California Xan-

thidae is manifested in the abdomen of mature

and submature specimens.

2. The immature, submature, and mature

specimens of Cycloxanthops novemdentatus,

Lophopanopeus l. leucomanus
,
L. bellus diegen-

sis, and Paraxanthias taylori may be separated

by noting the width of the abdominal segments,

the length of the lateral abdominal hair, the

presence or absence of the abdominal lock, and

the condition of the pleopods.

3. The internal and external genitalia are

similar in all species of the California Xanthidae

and are described for both sexes.

4. Xanthid crabs breed in a hard shell condi-

tion. The male is always above the female, trans-

ferring sperm to her vulvae by means of the

intromittent organs.

5. Lophopanopeus spp. begin breeding earlier

in the season and have more broods per season

than the other genera. Cycloxanthops novem-

dentatus has the shortest breeding season.

6. Eggs vary in number, with the species and

with the size of the individual, from 1,000 to

45,000. They are attached to the pleopods and

there aerated and cleaned by the female until

hatching.

7. Hatching occurs generally at night. There

is no molt between the prezoeal and first zoeal

stages. There are four zoeal and a single mega-

lops stage in the xanthid life cycle (which re-

quires about five weeks to complete )

.

8. The xanthid zoeae are photopositive and

swim by means of the maxillipeds or with maxil-

lipeds and telson. The megalops use their pleo-

pods for locomotion.

9. Zooplankton probably constitutes the lar-

val food in nature. Zoeal feeding methods are

described herein.

10. The process of molting of the zoeae and

megalops is essentially the same as in the adult.

11. Data collected suggest that peculiar eddy

currents exist in bays and coves along the Cali-

fornia coast which hold the developing larvae

close to shore and prevents their removal by the

southerly California Current.

12. Macrocystis beds help isolate developing

larvae, offer wave protection and perhaps hiding

places as well.

13. Megalops of the Xanthidae probably

metamorphose in the adult habitat since the first

crab stages were found there in abundance.
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Land Crabs and Fission Products at Eniwetok Atoll1

Edward E. Held2

Periodic studies of the effects of the atomic

testing program on the biota of the Marshall

Islands have been made since 1946 by the staff

of the Applied Fisheries Laboratory, University

of Washington (Biddulph and Cory, 1953; Don-
aldson et al., 1948, 1949, 1956; Palumbo, 1955;

Seymour et al., 1957; AEC reports UWFL-7,
-16, -19, -23, -33, -42, -43). During the testing

program at Eniwetok in 1954 a continuous bio-

logical survey was initiated. In this report the

portion of the survey concerned with the uptake

of radionuclides by the land hermit crab, Coeno-

bita perlatus Edw. T.,
3

is presented. Results of

possible ecological and physiological significance

in the movement of strontium and cesium

through the food cycle have been obtained.

Strontium-90 concentration in the land crab

skeleton may be a sensitive index of biologically

available radiostrontium in the environment.

Coenobita is an omnivorous scavenger which

feeds primarily on land plants and on detritus

washed up on the beaches. It is primarily noc-

turnal and spends the daylight hours hidden in

shrubs or under debris.

The crabs were taken from Belle Island

(Bogombogo) which lies 2.3 nautical miles

southwest of the site of the Mike test of 1952

and the Nectar test of 1954. This island is down-

wind from the site of these tests.

Prior to the Mike test Belle Island had a

covering of shrubs, coconut palms, and trees

(Palumbo, MS). The island was denuded by

the blast in November 1952, but by April 1954

it had regained a heavy growth of shrubs, prin-

1 Contribution from the Laboratory of Radiation

Biology, University of Washington, under Contract

No. AT (45-1 ) 540 with the United States Atomic
Energy Commission. Manuscript received March 31,

1958.
2 Laboratory of Radiation Biology, University of

Washington, Seattle.

3 We are grateful to Dr. C. H. Edmondson, Bernice

P. Bishop Museum, Honolulu, Hawaii, for identifica-

tion of the species.

cipally Scaevola frutescens and Messerschmidia

argentea. The regrowth was from seedlings and

stumps of old plants. A rookery of fairy and

noddy terns had also become established. Belle

Island was again denuded by the Nectar test of

May 1954: save for stumps and some stripped

branches. Dead birds and fish were found in the

center of the island as well as along the shores.

One dead Coenobita was found, but almost all

of a population of about 50 in one pile of debris

survived, probably because of the protection of

the debris and their habit of quickly withdraw-

ing into their shell when disturbed. It is prob-

able that they withdrew at the first flash of

light before the blast reached them.

Belle Island regained a lush cover of shrubs

by August of 1954, less than three months after

the Nectar test, and a fairy tern egg found three

months later, in late November, marked the

beginning of a new rookery on the island.

ACKNOWLEDGMENTS

The wholehearted cooperation of all members
of the staff of the Applied Fisheries Laboratory,

who at various times participated in the col-

lection and preparation of samples, made this

report possible. Miss Dorothy J. South supplied

the results of the radiocesium, radiocerium, and

some radiostrontium determinations. The co-

operation of the U. S. Atomic Energy Commis-

sion Division of Biology and Medicine and the

Eniwetok Field Office, Task Group 7.1, and

Holmes and Narver greatly facilitated the field

collecting.

METHODS

Collections were made at approximately daily

intervals commencing with the third day follow-

ing Nectar until the ninth day. Thereafter, the

interval between collections was progressively

lengthened to approximately monthly intervals.

Three crabs were taken at each collection except

that in three instances five, and in one instance,

only two were taken.

18
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Samples of carapace (exoskeleton), muscle,

hepatopancreas ("liver”), gut with its content,

and gill were removed, either from the fresh or

frozen specimens, at the Eniwetok Marine Bio-

logical Laboratory. The tissues were weighed at

the time of dissection and then dried. The pack-

aged dried samples, together with data cards,

were sent by air mail to the Applied Fisheries

Laboratory, University of Washington, for fur-

ther processing.

The dried samples were ashed at temperatures

up to 550° C. on stainless steel counting plates

and were counted in an internal gas-flow count-

ing chamber. The beta counts per plate were

converted to total disintegrations per minute

per gram (d/m/g) of wet tissue, as of the date

of collection, by correcting for sample weight,

geometry, backscatter, self-absorption, coinci-

dence, and decay. (See WT-616 (UWFL-33)
for a more complete discussion of these pro-

cedures. )

The decay corrections for all tissues except

carapace were based on the decay rate of a soil

sample collected at Belle Island the day after

the Nectar shot. (This decay rate was deter-

mined by beta counting. ) Decay corrections for

the carapace were based on the decay rate of

Sr90 + Y90 and Sr89
,
which constituted vir-

tually 100 per cent of its activity at the time

the chemical determinations were made. The
decay correction factors ranged from 1.09 to

12.7.

The variation in amount of radioactivity for

each tissue at each collection date, although

great, was not great enough to obscure general

trends in changes of radioactivity with time or

differences in levels of radioactivity between

tissues.

The term "activity” as used here means radio-

activity per unit weight.

"Rate of decline” refers to the rate at which
radioactivity is decreasing in a given tissue, or-

gan, or organism in its native environment.

Levels of activity in the crab tissues three

days after the Nectar test ranged from 5 X 106

d/m/g in the gut to 7 X 104 d/m/g in the

muscle (Figs. 1, 2). The rate of decline of

activity decreased with time and was different

for each tissue, but in general followed the same
trend as the decay of mixed fission products dur-

19

ing the first 200 days. Thereafter the rate of

decline for each of the crab tissues approached

a constant value with a half life in excess of

20 years.

This half life is dependent on factors which

include relative abundance and availability of

radionuclides in the food and/or environment,

rate of decay of radionuclides absorbed, bio-

logical half life, and selective uptake of radio-

nuclides. Each of these, except the rate of

physical decay, is in turn dependent on varying

environmental and physiological conditions. The

terms "ecological half life of radioactivity,” or

more briefly, "ecological half life” and "rate of

decline” will be used to include these factors.

Ecological half life will be used as the time re-

quired for an organism, or its tissues or organs,

in its native environment to lose 50 per cent

of its radioactivity. When the ecological half

life and physical half life are equivalent (rate

of decline = rate of decay), the tissue in ques-

tion must be at equilibrium with respect to the

radioisotopes it contains. For single isotopes an

ecological half life greater than the physical

half life (rate of decline < rate of decay) in-

dicates accumulation of the isotope. In the con-

verse situation where the ecological half life is

less than the physical half life, a net loss of the

isotope is indicated. This condition could re-

sult from loss of the isotope by the environment,

or eco-system, or from a physiological change

in the organism or its primary food source. Such

physiological changes may be transitory or

seasonal.

The increase in radioactivity over preshot

levels during the first few days after the Nectar

test was less in muscle and carapace than in the

three other tissues by a factor of 5 to 10. Maxi-

mum post-Nectar levels of activity were 100

to 250 times greater than pre-Nectar levels in

gut, liver, and gill, but only 22 and 26 times

greater in muscle and carapace respectively. The

lower rate of accumulation in muscle and cara-

pace would be expected since the material must

be absorbed from the gut and hepatopancreas

where some selection takes place. The specific

patterns of changing radioactive content of the

tissues with time, the rate of decline, will be

presented individually for each tissue.

The amounts of radioisotopes involved are so
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f MAXIMUM = 4.8 X I0
6

Fig. 1. Beta-activity in Coenobita gill, muscle, hepatopancreas ("liver”), and gut on successive collection

dates. Values in disintegrations per minute per gram wet weight.
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small that they probably do not constitute a

significant proportion of the naturally occurring

isotopes. If, for example, a tissue contained

10 7 d/m/g wet of Sr90
,
or 5,000 times the maxi-

mum level found in the hermit crab, this would

represent only 0.02 mg. of strontium, or about
10~ 5 per cent of the ash weight. The presence

of strontium has been reported qualitatively in

Crustacea and a quantitative estimate of about

1 per cent strontium has been given for the ash

of Eupagurus hernhardus (Vinogradov, 1953).

RESULTS

Exoskeleton

The carapace was taken as the sample of

exoskeleton. It is easily removed, separated from

other tissues, and washed free of possible ex-

ternal contamination.

The radioactivity in the carapace due to long-

lived isotopes remained approximately constant

throughout the period of 537 days during which

collections were made. This was determined by

recounting all of the samples approximately 600

days after the Nectar test (Figs. 2, 3).

Radiochemical analysis of 18 samples taken

21

at various times during the collecting period

(Table 1), and three samples taken 35 days be-

fore Nectar, demonstrated that virtually all of

the long-lived activity was 28-year Sr90 and its

Y90 daughter.4

The nearly constant level in the carapace

(ecological half life = physical decay) indicates

that this tissue quickly reaches and maintains

equilibrium with the available strontium. Gross,

Taylor, and Watson (1954) report a plateau

of retention of Sr90 in rats during continuous

feeding at the same rate, and apparent shifting

of the plateau with change in daily dose.

It would be expected that this relationship

also applies to available calcium, which is meta-

bolically similar to strontium, and to 54-day

Sr89
,
and possibly to Ba140

,
which at the time

the radiochemical analyses were made was pres-

ent in amounts too small ( < 0.2 per cent of

total activity, according to Hunter and Ballou,

1951) to be determined by the method used.

4
Results of calcium analyses of 74 samples of cara-

pace made since submission of the MS give a mean of

158±30 mg. Ca/g wet, and 1 5,000±4900 strontium

units.

100 200 300 400 500 600 700
DAYS AFTER MAY 14, 1954

Fig. 2. Radioactivity in Coenobita carapace on successive collection dates compared with the decay of
radiostrontium. Values in disintegrations per minute per gram wet weight.
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Fig. 3. Radioactivity in Coenobita carapace on successive collection dates compared with the decay of

radiostrontium. Values in disintegrations per minute per gram of ash.

The amount of Sr89 present in the carapace

immediately after Nectar was calculated from

the yields given by Sullivan ( 1949) on the basis

of the average amount of Sr90 in the 44 speci-

mens collected during the first 50 days following

Nectar, less the amount present before Nectar.

The relative radioactivity of the two isotopes

was calculated from their specific activities. A
theoretical decay curve was then calculated for

the combined Sr89
,
Sr90 + Y90 contributed by

the Nectar test and the Sr90 + Y90 residual

from prior tests. Figures 4 and 5 show the actual

values superimposed on this theoretical curve.

Although there were no specific radiochemical

determinations early in the period following

Nectar, it is reasonable to assume that the exo-

skeleton has a high degree of selectivity for

strontium and that equilibrium must be reached

within a few days at most. The assumptions are

further supported by decay curves which ap-

proach the theoretical curve (Fig. 4).

The relatively low levels of activity at 145

days post-Nectar are a reflection of a change in

ratio of ash weight to wet weight; Figure 4

represents the data on an ash weight basis. The

change in ratio may be associated with molting,

but observations were not made at frequent

enough intervals to confirm or deny such an

association.

Contributions of radiostrontium to the crab

skeleton at Belle Island from past tests at Eni-

wetok and Bikini are represented in Figure 5.

The pre-Mike level is an approximation since

it is based on a single specimen and there was,

unfortunately, no biological survey during the

1950 tests. The pre-Nectar curves were derived

by the method outlined above. The Mike test

contributed about twice as much activity as the

Nectar test; fallout from the pre-Mike tests and

the Bikini tests of 1954 together contributed

about 5 per cent of the total Sr90 activity.

Sr90 on the island is being maintained at an

essentially constant level (decreasing only with

physical decay), if the omnivorous hermit crab

can be considered an accurate index of biolog-

ically available strontium. However, the ratio

of the strontium in the crab skeleton to that in

food items is not known. Judging from the

meager data presently available, the radiostron-

tium content of the crab skeleton is more than
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Fig. 4. Decay of beta-activity in three Coenobita carapace samples, each compared with the theoretical

decay curve (solid lines) for Sr
89 + Sr

90 from Figures 2 and 3.

ten times that in land plants on a wet weight

basis and is more than three times that in soil

on a dry weight basis.

Muscle

Isotopes with half lives greater than 20 years

contributed nearly all of the activity in muscle

tissue 35 days before the Nectar test. Cs137
,

Sr90 + Y90
,
and Ce144 + Pr 144 accounted for

84, 10, and 1 per cent respectively, of the total

activity in muscle tissue collected in February

and November, 1955, and analyzed in January

and March, 1956. Similar levels, 67, 10, and 1

per cent, were found in coconut crab muscle

from Rongelap Atoll (UWFL-43, table 14). In

contrast to the exoskeleton, muscle tissue had a

variable, though generally decreasing, level of

long-lived isotopes throughout the post-Nectar

collecting period (Fig. 6). Between 150 and

200 days post-Nectar, the total activity in muscle

was due primarily to the long-lived isotopes,

as evidenced by the increased ecological half

life. The level of total activity in muscle at 172

days (after Nectar) is one-sixth the pretest

level, while the level of long-lived isotopes at

that time is one-eighth that of the pretest level;

subsequently there is an increase in activity.

Since both the total activity and the long-lived

activity increased by approximately equivalent

amounts, the increase must be due to an in-

creased net rate of uptake, reflecting a change

in the physiology of the crab or a change in the

TABLE 1

Total /?-Activity and Sr90 + Y90 in Coenobita

Carapace

(Determinations made in January and February, 1956.

Averages of three samples and their standard errors

are given.)

DATE
COLLECTED

TOTAL
/?-ACTIVITY

JAN.-FEB.,

1956
d/m/g wet

Sr
90

-}- Y90

ACTIVITY

FEB., 1956
d/m/g WET

4/15/54 6900 it 672 7454 ± 952
5/26/54 10243 fc 968 9763 ± 975
8/12/54 or 14851 ± 1413 15568 ± 1237

8/19/54
10/5/54 4362 ± 431 4043 ± 385
3/15/55 10368 ± 581 11281 ± 479
2/9/55 12516 ± 1594 12532 ± 1484 #

* Average of duplicate aliquots of three pooled samples as

determined by Dorothy J. South, Applied Fisheries Laboratory.
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Fig. 5. Radiostrontium in Coenobita skeletons at

Belle Island.

conditions in the environment, leading in this

case to a greater availability of Cs137 to the

crab. The latter possibility is the more easily

explained by the observations.

The same pattern of decrease in activity fol-

lowed by a rise is evident in the gut and liver

of the crab, the leaves of the shrubs, Scaevola

and Messerschmidia, and the muscle of the field

rat, Rattus exulans, from Janet Island (Engebi)

which is also in the northern part of Eniwetok

Atoll (Lowman, MS). During the first 200 days

(May-November, 1954) rainfall at Eniwetok

averaged about 4 inches per month, while for

the following 150 days ( December-April ) the

average monthly rainfall was about 0.3 inches

(Fig. 7). Since individual variation in the level

of activity is great there would be little reason

to accept the validity of the correlation were it

not repeated in the plants and in rat muscle,

which are also high in Cs137 content (56 per

cent of the total activity in the latter). It ap-

pears likely, therefore, that the changes in ac-

tivity in the crab and rat muscle reflect some

underlying mechanism associated with rainfall

which is responsible for changes in the levels of

activity in the plants.

There could be one or several factors in-

39 +Sr 90+Y 90

1948 1952 1953 1954 1955 1956

volved in the association with rainfall includ-

ing, for example, such things as exchangeability

of cesium, total amount of root surface available

during the wet as compared with the dry season,

and increasing acidity of the soil on drying

(Stone, 1951)- More complete series of radio-

chemical determinations of the radioisotopes in

both plants and soils are needed to understand

the mechanisms involved. Contrary to results re-

ported on relative availability of cesium and

strontium to plants in other soils, cesium appears

to be more readily available than strontium in

the atoll island soil (Selders et al 1955; Neel

et al.

,

1953; Larson et al, 1953; Nishita et al,

1954; Ophel, 1955).

The short half-life isotopes that contributed

to the activity in the muscle during the first 150

days are not known. The rate of decline during

this period was approximately the same as the

rate of decay for mixed fission products.

Radiocesium content of hermit crab muscle is

about 1.5 times that in plants (1,000 d/m/g :

700 d/m/g) on a wet weight basis. The radio-

cerium levels In the soil were too low ( < 1

per cent of the total activity) to be detected by

the radiochemical methods used.

Hepatopancreas ("Liver”)

The rate of decline of activity of the hepato-

pancreas or "liver” of the crab during the first

175 days post-Nectar is not significantly dif-

ferent from the rate of decay of mixed fission

products. This is true despite the fact that there

was a pre-existing level of long-lived activity

approximately equal to the level existing 537

days post-Nectar. Sr90
,
Cs137

,
and Ce144 were

found.

Equilibrium must be quickly reached and

maintained at a constant level proportional

to the availability of the long-lived Isotopes.

Levels of activity were 8,500 d/m/g pre-Nectar,

reached a maximum of 10 G d/m/g four days

post-Nectar, and declined to a level of 3,000

d/m/g at 305 days and 537 days (Fig. 1).

Gut with Content

The hermit crab gut with its content was gen-

erally more variable than the liver in levels of

activity, especially during the first month post-

Nectar. This difference is to be expected, since

ingested food would have variable amounts of
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Fig. 6. Counts per minute per gram in Coenobita

tissues as of 600 days after May 14, 1954, plotted for

each collection date.

surface contamination and not all crabs would

feed on the same thing at any one time.

Initially, following the Nectar test, the gut

had the highest level of activity of all tissues

(5 X 10 6 d/m/g). The activity in the gut also

had the shortest ecological half life of all tissues

during the first 100 days post-Nectar. By 100

days, the levels of activity in gut and liver ap-

proached each other and their ecological half

lives were about the same, although the gut re-

mains so variable from collection to collection

that only an approximation can be made. The
activity in the carapace by 100 days was higher

than that in the gut even though the latter had

the highest initial activity. This variation is, of

course, due to the different rates of decline,

which reflect selection of the long-lived isotope

Sr90 by the carapace.

No chemical analyses of gut samples were

made.

Gill

The rate of decline of activity of the gill of

the crab is more rapid than the rate of decay of

mixed fission products during the first 10 to 20

days post-Nectar, but thereafter approximates

the same rate until the 200th day. The early high

levels may be due to contamination of the sur-

face of the gills and possibly to excretion of

salts through the gills. From the tenth day on,

the pattern of decline of the gill is the same as

that of muscle. The activity level was generally

higher in the gill than in the muscle by less than

a factor of two on a wet weight basis.

No chemical analyses of gill tissue were made.

DISCUSSION

During the first 150 days following a nuclear

detonation the rate of decline of radioactivity in

organisms on atoll islands may be considered to

approximate the rate of decay of mixed fission

products. This conclusion is supported by data

from collections at Rongelap Atoll in 1954

(AEG reports UWFL-42, -43). Errors in the

estimate of future levels based on this approxi-

mation would tend toward the prediction of

higher levels than would actually be attained

in the first 150 days. The wide spectrum of

available radionuclides present in the early

period following a detonation may be available

to individual organisms in extremely minute

amounts; consequently, differences in the rate of

decline reflecting selectivity by an organism are

masked, since various combinations of the short-

lived nuclides could result in an approximation

of mixed fission products decay. The availability

of a wide spectrum of radionuclides during the

first few days might be due not only to the

presence of these nuclides, but also to the fact

that they could potentially be absorbed directly

by the leaves of plants and thus circumvent fixa-

FlG. 7. Rainfall at Eniwetok Island (from records

of Detachment 2, 57th Strategic Reconnaissance

Squadron, Medium, Weather, USAF).
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tion on the soil. Residual contamination from

fallout a year or more old would have an in-

significant effect on rate of decline during the

first 150 days if the total contamination from

each detonation were of the same order of mag-

nitude or the first less than the second. This was

the case following the Nectar test at Belle Island,

which had residual contamination from the

Mike test (1.5 years previous to Nectar).

After approximately 150 days following fall-

out, the rate of decline becomes less than the rate

of decay of mixed fission products, reflecting the

relative concentration by the island organisms

of the long-lived isotopes Cs137 and Sr90 . Other

isotopes, both fission products and neutron in-

duced products, are involved, but Cs137 and Sr90

with their daughters account for 80 per cent or

more of the total activity in land organisms two

years following the Nectar test. This is true even

though these isotopes together contribute only

18 per cent of the total activity from mixed fis-

sion products at that time. On a basis of fission

yields, Cs137 and Sr90 would contribute no more

than 35 per cent of the total activity even if all

of the activity at Belle Island were from the

Mike test. Ce144 activity is low ( 1 per cent in

crabs) in the island organisms because of its

low rate of uptake by land plants from soil

(Neel, 1953). On the other hand, in marine

organisms radiocerium does enter into the food

chain in significant amounts, 26-71 per cent of

the total /3-activity, according to AEG report

UWFL-43, Bonham, MS.

It appears, therefore, that in so far as the

long-lived radioactive fission products strontium,

cesium, and cerium are concerned there is what

might be called a strontium-cesium food cycle

on land and a cerium food cycle in the lagoon.

SUMMARY

1. Periodic determinations of radioactivity in

land crabs from Belle Island, Eniwetok Atoll,

were made over a period of nearly two years fol-

lowing the 1954 atomic testing program.

2. Radioactivity in the exoskeleton was found

to be due almost entirely to radiostrontium and

the Y90 daughter of Sr90 and remained at a

nearly constant level, excepting physical decay.

3. An estimate of contributions of radiostron-

tium from previous tests to a crab skeleton at

Belle Island is given.

4. Long-lived fission products in muscle tissue

consisted of 84 per cent Cs137
, 10 per cent

Sr9o + Y", and 1 per cent Ce144 + Pr144 .

5. A possible association between the avail-

ability of cesium and rainfall is suggested.

6. During the first 150 days following a nu-

clear detonation the rate of decline of radio-

activity in organisms on an atoll island may be

considered to approximate the rate of decay of

mixed fission products.

7. In so far as the long-lived fission products

strontium, cesium, and cerium are concerned

there appears to be a strontium-cesium food

cycle on land and a cerium food cycle in the

lagoon.
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A New Hawaiian Percoid Fish, Suttonia lineata

,

with a Discussion of Its

Relationships and a Definition of the Family Grammistidae 1

William A. Gosline2

The immediate relationships of the fish de-

scribed here appear clear cut. However, the sys-

tematic position of the "pseudogrammid” group

of genera to which it belongs is a matter of con-

siderable controversy; the greater part of the

present paper will be devoted to this subject.

The "pseudogrammid” genera (Table 1) are

made up of a small number of serranid-like

fishes which for the moment may be sufficiently

defined as having a single enlarged ( though fre-

quently concealed) spine at the upper end of

the preopercular border (Fig. 2a), and an in-

complete or interrupted lateral line. Four genera

are included in the group; they may be dis-

tinguished as follows:

1 Preopercular spine directed down-

ward (this character not recorded

for Rhegma gregoryi or Pseudo-

gramma guineensis) 2

Preopercular spine directed some-

what upward. No large lateral line

pores between the eyes; in the

adult Aporops bilinearts there is

a frilled collar behind the tube

of the anterior nostril, and just

ahead of the preopercular spine

is a small patch of glandular tis-

sue that may bear black, hairlike

processes Aporops

2(1) No tentacle over the eye 3

A single, fleshy tentacle over each

eye Rhegma

1 Contribution No. 120, Hawaii Marine Laboratory

in cooperation with the Department of Zoology and

Entomology.
2 Department of Zoology and Entomology, Univer-

sity of Hawaii. Manuscript received April 29 , 1958 .

3(2) Preopercular spine broad-based and

triangular (Fig. 2a)

Pseudogramma
Preopercular spine elongate and

downwardly curved (Fig. 1)

Suttonia

Aporops appears to be rather distinct from

the other three genera. Whether Rhegma and

Suttonia should be considered as more than sub-

genera of Pseudogramma is open to question.

Genus Suttonia Smith, 1953

type species: Suttonia suttoni Smith, 1953

(East Africa). The only other species attributed

to the genus is the one described below.

Suttonia was differentiated by Smith (1953:

549) from Pseudogramma and Aporops as fol-

lows: "Scales all cycloid. Preopercular spine

large, sabre shaped and trough like. Nasal

tube longer than interorbital width. Interorbitai

mostly naked. Palatines subparallel. A single

lateral line ” Aside from the fact that in the

Hawaiian specimens the palatines are not par-

ticularly subparallel, there seems to be little to

add or subtract from Smith’s diagnosis.

Suttonia lineata new species

Fig. 1 and Table 1

holotype: USNM 177950, 78 mm. in stand-

ard length, collected with a commercial fish

poison off the Waianae coast of Oahu, Feb. 3,

1958, by Gosline, Takata, et al in 10-12 fathoms,

of water.

paratypes: UH 2460, 5 specs., 36-72 mm.,,

with the same data as the holotype.

There are VI dorsal spines in the holotype,.

VII in all five paratypes. In the larger specimens.

28
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TABLE 1

Certain Counts in "Pseudogrammids”

SPECIES SOURCE DORSAL ANAL PECTORAL SCALES

GILL

RAKERS1

Aporops

bilinearis. ....... ...... Schultz, 1953 VII, 23-24 III, 19-21 16-18 ca 59-71 16-18

alfreei..... ............. Smith, 1953 VI-VII, 23-24 III, 21 15 80 X
japonicus Kamohara, 1957 VII, 21 III, 16 X ca 60 13

Rbegma
thaumasium . ........ Kanazawa, 1952 VII-VIII, 20-24 III, 16-19 16-18 47-52 14-17

gregoryi.... Breder, 1927 VII, 15 III, 12 X 48 X
bermudensis Kanazawa, 1952 VII-VIII, 19 III, 16 14 40-42 15

Pseudogramma
polyacantha Schultz, 1953 VII-VIII, 15-18 -HI, 15-18 17-18 ca 50-54 17-18

guineensis. Norman, 1935 VII, 20 III, 16-17 X 48? X
hrederi.. ....... ........ Longley and

Hildebrand, 1940 VII, 21 III, 17 14 50 X
Suttonia

suttoni Smith, 1953 VII, 23-24 III, 19 16 60 15

Uneata

Holotype VI,- III, - 16 64 —
Paratypes VII, 23-24 III, 20-22 16 58-61 16

1 Including rudiments.

the soft dorsal and anal rays are not only covered

with skin and scales, but the basal portion of

the rays becomes embedded in a heavy layer of

fatty tissue. As a result the counts for these fins

are based on only three paratypes, one in which

the fins have been dissected (given first), and

the two smallest: soft dorsal rays, 23, 23, 24;

soft anal rays, 20, 21, 22. In the paratype dis-

sected for the fin counts there are 5 gill raker

rudiments above, 1 at the angle, and 10 rakers

and rudiments below. Other counts are given in

Table 1.

There seems no reason to give a long descrip-

tion of Suttonia Uneata, for most of Smiths

(1953) account of S. suttoni applies equally

well to S. lineata . In one paratype there are two

short, muscular caeca on either side of the

pyloric end of the stomach. The pore configura-

tion of the head is that of Pseudogramma rather

than Aporops

,

i.e.,- there are two slitlike pores

in the interorbital. There is also an especially

large pore, larger than in either Pseudogramma
or Aporops

,

at the very base of the free preoper-

cular border. The preopercular spine is elongate,

downwardly curved, and has a deep, sharply de-

marcated, central gutter filled with glandular

tissue. There are no externally visible spines on

the operculum, and the opercle itself has almost

exactly the shape of that in Pseudogramma (Fig.

5 ) . The teeth are about as described in Suttonia

suttoni and almost exactly duplicate the denti-

tion of Pseudogramma polyacantha. The nasal

organ is also like that of Pseudogramma (Fig.

2b). As Smith (1953) has already noted, the

scales on the top of the head stop short of the

interorbital and the interorbital pores in Sut-

tonia; in Pseudogramma the squamation extends

forward nearly to the front borders of the eyes

and surrounds the interorbital pores.

The most obvious differences between Sut-

tonia suttoni and S. lineata lie in coloration. A
color description of the latter species made after

the specimens had been a week in formaldehyde

is as follows: "Body reddish gray; dorsal, anal

and caudal with a narrow white border. Lower

half of head (below a rather abrupt transition

zone running through the lower border of eye),

pectorals and pelvics reddish. Upper half of head

darker, except for a prominent light red mid-

dorsal band running from the dorsal origin to

the tip of snout, this band most prominent for-

ward/’ When first taken, the specimens had an
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Fig. 1. Suttonia lineata. Paratype, 72 mm. in stand-

ard length.

essentially similar coloration. In alcohol, the

smallest of the paratypes show a certain amount

of reticulation on the lower portion of the head.

Unlike S. suttoni, S. lineata has no dark oper-

cular spot and no lines along the sides.

Aside from the characters noted in the last

sentence, S. lineata seems to differ from the de-

scription and figure of S. suttoni given by Smith

(1953) principally in the lack of externally

visible opercular spines. The two forms are ob-

viously close; they seem to differ to about the

same degree as most Hawaiian and East African

counterparts do.

Lineata (L.): lined, for the prominent mid-

dorsal stripe on the head.

"pseudogrammid” relationships

Though there is little doubt about the close

interrelationship of the genera assigned to the

"pseudogrammid” group

—

Aporops, Rhegma,

Pseudogramma, and Suttonia—there is consider-

able disagreement about the family to which

these genera should be assigned (see Table 2).

Regan and Norman have included them in the

Serranidae; Schultz placed them in the Pseudo-

chromidae; and Smith erected a separate family

for them.

Fig. 2. Pseudogramma polyacanthus, a, Lateral

view of head; b, diagram of right nasal organ, with

covering tissues removed but with the position of the

nostrils indicated for orientation.

In an attempt to resolve the problem of

"pseudogrammid” relationships, partial or com-

plete skeletons have been prepared of the typical

serranid Epinephelus quernus (from Hawaii),

of Pseudogramma polyacanthus ( from Hawaii )

,

Plesiops corallicola (from the Marshalls; see

Inger, 1955: 266), and Pseudochromis tapeino-

soma (from the Gilberts). Certain aspects of

the soft anatomy of these species and of Epine-

phelus hexagonatus ( from the Phoenix Islands )

,

Aporops bilinearis ( from Tahiti ) ,
Suttonia line-

ata (paratypes), and of Grammistes sexlineatus

(from the Line Islands) have been examined.

When generic names are used alone in this

paper, they refer to the above species.

Soft Anatomy. The only internal soft struc-

ture that has hitherto been used in the classifica-

tion of the "pseudogrammid” fishes is the pres-

ence of two heavy-walled pyloric caeca (Smith,

1953: 548, fig. 2) . In Epinephelus pyloric caeca

are relatively numerous (cf. Suyehiro, 1942:

161, fig. 112), and in Plesiops and Pseudo-

chromis they are completely lacking.

A second feature that seems at least equally

significant is the structure of the nasal rosette.

In Epinephelus, Pseudochromis, and Plesiops

(Fig. 3a) the rosette is small. In Pseudogramma
(Fig. 2b) the nasal epithelium is extended both

upward below the nasal bone and downward
below the lacrimal.

In view of this difference between nasal or-

gans, the brains in specimens of Epinephelus

and Pseudogramma were uncovered dorsally.

However, no conspicuous differences were seen.

Attempts to investigate the nature of the air

bladder were unsuccessful.

In Aporops, Pseudogramma, and Suttonia

there is an area of presumably glandular tissue

just ahead of the preopercular spine. In Aporops

this area may be discerned externally, but in the

other two genera it is concealed by the skin and

scales.

Cranium. The crania of Epinephelus, Pseu-

dogramma (Fig. 4), Plesiops, and Pseudo-

chromis differ very little from one another. In

Epinephelus there is no conspicuous otic bulla

as there is in the other three, and the supra-

occipital has a well-marked crest. Pseudogramma

has a median opening to the sensory canal sys-

tem between the frontals (Fig. Aa)

,

but this is
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lacking from the closely related Aporops as well

as from the other three genera.

Nasal and Circumorbital Bones. In Epine-

phelus, Plesiops (Fig. 3a), and Pseudochromis

the nasal bone is merely a weakly S-shaped tube

bearing the front of the supraorbital lateral line.

In Pseudogramma (Fig. 3b) the S-shaped tube

is present but bears a flange that extends laterally

over the upper end of the enlarged nasal organ.

In Epinephelus the first circumorbital (pre-

orbital) is considerably expanded dorsoventrally;

its upper surface articulates with the bottom

edge of the lateral wing of the prefrontal, and

its posterior edge is suturally joined to the small

second element of the circumorbital series. It is

the relatively narrow (dorsoventrally) third ele-

ment that provides the subocular shelf. In Pseu-

dogramma (Fig. 3 b), Plesiops (Fig. 3a), and

Pseudochromis the circumorbital series are sim-

ilar though the preorbital covers relatively less

of the surface of the head.

Jaws. The jaws and jaw teeth in Epine-

phelus, Pseudogramma, and Plesiops are similar.

The gape is wide and the maxillary extends be-

hind the eye; the pedicel of the premaxillary is

shorter than the toothed portion; the maxillary

extends well beyond the premaxillary maxillary

and has a splintlike supramaxillary on its straight

upper border (Figs. 3a, b)\ many of the teeth

are depressible; and the teeth in the lower jaw

extend well behind those of the upper and are

Fig. 3. First three circumorbital bones, nasals, pre-

maxillaries, maxillaries, and supramaxillaries; teeth

not shown, a, Plesiops, right side, with the nasal organ

indicated; b, Pseudogramma, left side.

in two or more rows throughout. In Pseudo-

chromis the jaws are shorter and the teeth are

all rigid; the premaxillary pedicel is at least as

high as the toothed portion; the maxillary curves

down around the end of the premaxillary and

lacks a supramaxillary; and the teeth in the

lower jaw are in a single row laterally. The teeth

on the vomer, palatines, and pharyngeals of

Pseudochromis are all rigid, as compared to the

partly depressible teeth on these bones in the

other three genera.

Suspensorium. The chief difference in the

suspensoria of the four genera studied seems to

be that the palatine of Pseudochromis is loosely

articulated ( apparently by ligament ) to the rest

of the structure, whereas in the other three it is

rigidly united by suture to the ectopterygoid and

mesopterygoid (Fig. 5).

TABLE 2

Taxonomic Treatment of Certain Percoid Groups by Various Authors

SMITH,

1949, 1953

1954a, 1954b

WEBER and

DE BEAUFORT,

1929, 1931

REGAN,

1913

NORMAN,
1957

SCHULTZ,

1953

Pseudogrammidae.

Pseudochromidae

Pseudochrominae. .

.

Pseudoplesiopsinae

Plesiopidae

Acanthoclinidae. ........

Anisochromidae

to Serranidae

Pseudoplesiopidae

Plesiopidae

Acanthoclinidae

to Serranidae

Pseudoplesiopidae

Plesiopidae

to Serranidae

j

Plesiopidae

Acanthoclinidae

Pseudochromidae



32 PACIFIC SCIENCE, Vol. XIV, January I960

Fig. 4. Pseudogramma. a and b, Top views of the skull, with the left nasal bone in position, a showing

the inner borders of the infraosseous portion of the supraorbital lateral line canals by dashes; c, side view of

skull, al, Alisphenoid; bo, basioccipital; ep, epiotic; ex, exoccipital; fr, frontal; me, mesethmoid; op, opisthotic;

pa, parietal; pf, prefrontal; po, prootic; ps, parasphenoid; pt, pterotic; sp, sphenotic; su, supraoccipital; vo,

vomer.

Opercular Bones. The preopercle of Epine-

phelus is serrate. In Pseudogramma the edge is

membranous except for the single enlarged spine

(Fig. 5). In Pseudochromis the entire edge is

membranous. In Plesiops the preopercle has a

double border reminiscent of that appearing ex-

ternally in some of the apogonids, but neither of

these borders is serrate.

In Epinephelus the opercle has three super-

ficially visible spines. In Pseudogramma (Fig.

5) these spines have become rudimentary and

are concealed, but they can still be made out
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when the opercle is cleaned. The opercle of

Plesiops ends in a frayed membrane and that of

Pseudochromis is rounded posteriorly.

Hyoid Arch. There are seven branchiostegal

rays in Epinephelus, Pseudogramma (Fig. 6),

Aporops, and Suttonia; six in Plesiops and Pseu-

dochromis. The branchiostegal membranes are

broadly attached to the isthmus in Pseudo-

chromis, attached far forward to one another but

more or less free from the isthmus in the other

genera. In Plesiops alone the third branchios-

tegal ray is considerably larger than those before

and behind it.

Gill Arches

.

In all four genera skeletonized

there is a pseudobranch, and the cleft behind the

fourth gill arch is considerably restricted. In all,

there is one pair of dentigerous lower and three

pairs of toothed upper pharyngeals. In Epine-

phelus and Pseudochromis the gill rakers are

fairly normal; the gill rakers of Pseudogramma
and Plesiops, however, are in the form of flat

plates at the ends of the arch with spiny knobs

toward the central portion.

Pectoral Girdle. The pectoral girdle in all

four genera is similar (Fig. 7) despite the fact

that externally Pseudogramma appears to have

a lobate pectoral base. In all, a long extension of

the coracoid runs downward and forward to

meet the cleithrum. There are two postcleithra.

The forward tip of the pelvic girdles articulate

with pads on the inner surfaces of the cleithra.

One and a half actinosts join the coracoid and

two and a half meet the scapula, though the re-

lationship is more nearly one and three in

Pseudochromis. The most notable difference

would appear to be that there is a curious down-

wardly projecting hook (or, viewed conversely,

an embayment) in the outer surface of the

cleithrum of Plesiops below.

Pelvic Girdle. The pelvic girdle in all four

genera consists primarily of struts between the

pelvic fins and the cleithra (Fig. 7). Those of

Pseudogramma are surprisingly strong and are

longer than the pelvic fins themselves.

Vertebral Column. The number of vertebrae

for several species of Epinephelus given by

Boulenger (1895: 115) is 24. The vertebrae in

Pseudogramma (including the terminal half-

FlG. 5. Right suspensorium and lower jaw of Pseudogramma, external view, an, Angular; ar, articular; de,

dentary; ec, ectopterygoid; hy, hyomandibular; io, interopercle; ms, mesopterygoid; mt, metapterygoid; or,

opercle; pi, palatine; pp, preopercle; qu, quadrate; so, subopercle; sy, symplectic.
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FIG. 6. Right half of hyoid apparatus of Pseudogramma, external view with the urohyal dislocated, br,

Branchiostegal ray; ce, ceratohyal; eh, epihyal; gl, glossohyal; hy, hypohyal; ih, interhyal; ur, urohyal.

vertebra) number 26, in Plesiops 25, and in

Pseudochromis 26. The first interneural in Pseu-

dogramma, Plesiops, and Pseudochromis extends

between the second and third neural arches;

Epinephelus was not examined for this character.

In Epinephelus and Pseudogramma the second

interhaemal is very strong and runs up to wedge

into the posterior face of a haemal arch. In

Plesiops and, especially, Pseudochromis, the

second interhaemal is considerably weaker.

Caudal Skeleton. The caudal skeleton of all

four genera appears to be built on the same plan

(Fig. 8), though there is considerable minor

variation, especially in the amount of fusion.

Thus there may be two or three epurals and

three to five hypurals.

Summary of Internal Differences. Though

the internal, especially the osteological, differ-

ences between Epinephelus, Pseudogramma, Ple-

siops, and Pseudochromis are slight, they are not

entirely negligible. Thus each of the three ser-

ranid offshoots stands apart in one fashion or

another.

Pseudogramma differs from the other genera

in the enlarged nasal organ, the preopercular

spine with its associated glandular area, and in

having two pyloric caecae.

Plesiops appears hardest to define on the basis

of internal features. Perhaps the hook on the

anterior face of the cleithrum and the double

border to the preopercle are the most salient.

Pseudochromis differs immediately from the

others in the mouth parts. The teeth are rigid;

the maxillary bends around the premaxillary and

lacks a supramaxillary; the premaxillary pedicels

are elongate; and the palatines are movably

articulated with the remainder of the suspen-

sorium.

External Features. With one exception the

external features of the fishes investigated will

not be treated on a genus-to-genus basis as they

have been noted by every ichthyologist who has

worked with these groups. However, some of

them will be taken up in the discussion of rela-

tionships in the next section.

The exception concerns the number of

branched caudal rays. The perciform fishes are

often stated to have 1 5 or fewer branched caudal

rays. In Epinephelus the usual 15 were counted

in 3 specimens. However, 16 are present in the

one specimen available of Grammistes. The

stained specimen of Pseudogramma has 17, as

does that of Pseudochromis. In the 5 available

specimens of Plesiops, one has 15, one 16, and

three 17.
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TAXONOMIC TREATMENT OF THE
"PSEUDOGRAMMIDS”

The above review has indicated that there

is little basic osteological difference between

the serranids, "pseudogrammids,” and "pseudo-

chromids.” Nevertheless there seems to be one

group, traditionally included in the Serranidae,

that seems to be far more closely related to the

"pseudogrammids” than either Epinephelus or

the "pseudochromids.” This is the "Grammis-

tinae” containing the genera Rypticus, Gram-

mistes, Pogonoperca, and Grammistops Schultz,

1953 (which equals Tulelepis Smith, 1954). In-

deed, upon analysis of the 14 characters listed

in Table 3, the "pseudogrammids” fall with the

"pseudochromids” rather than with the "Gram-

mistinae” only in the lateral line and scale

structure.

If the "Grammistinae” is enlarged to include

the "pseudogrammids,” the old distinction of

this "subfamily” from the other serranids by the

flap connecting the upper portion of the gill

cover to the body can be retained, for this feature

applies also to the "pseudogrammids.” The two

groups combined may be defined as follows

(though it should be noted that the included

genus Pogonoperca has not been examined)

:

Whole upper border of opercle attached to

the body by a flap of skin. Nasal organ dorso-

ventrally elongate, made up of a number of

TABLE 3

Comparison Between "Grammistinae,” "Pseudogrammids,” and "Pseudochromids”

character "GRAMMISTINAE”
'

'PSEUDOGRAMMIDS”
'

'PSEUDOCHROMIDS’ ’

Operculum joined to the skull by a

membrane above

joined to the skull by a

membrane above

free from the skull above

Maxillary large, with a supramaxil-

lary

large, with a supramaxil-

lary

moderate to small, with

or without a suprarnax-

illary

Teeth.. in bands, many depressi-

ble

in bands, many depressi-

ble

usually rigid and in one

row on the lower jaw

posteriorly

Nasal organ in Grammistes, of numer-

ous lamellae

of numerous lamellae small, with few lamellae

Opercle with 3 spines with spines reduced, not

visible externally

without spines

Preopercle.. usually with 1 to 4 spines

above

with 1 specialized spine

above

without spines

Branchiostegal rays 6 or 7 7 6

Opercular scales small, similar to those on

body

small, similar to those on

body

somewhat to greatly en-

larged

Body scales embedded, in Grammistes

with concentric rings

about as in Epinephelus about as in Epinephelus

Lateral line single, complete incomplete or interrupted incomplete or interrupted

Dorsal and anal spines when present, the last

shorter than the penul-

timate

the last shorter than the

penultimate

when present, the last

longer than the penul-

timate

Dorsal and anal soft rays basally embedded in fatty

tissue in adult Rypticus

and Grammistes

basally embedded in fatty

tissue in adult

not embedded in fatty tis-

sue in adult

Inner pelvic ray attached to abdomen by a

membrane
attached to abdomen by a

membrane
entirely free from abdo-

men

Pyloric caeca..... 1 or 2 1 or 2 none
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FIG. 7. Pseudogramma, a, Lower portion of left pectoral and pelvic girdles, from outside; b, upper and

inner portions of right pectoral girdle, from inside and drawn to about half the scale of a. ac, Actinost; cl,

cleithrum; co, coracoid; pc, postcleithra; pd, pad on cleithrum for articulation with pelvic girdle; pe, pelvic

girdle; pm, posttemporal; sc, scapula; si, supracleithrum.

nearly parallel, longitudinally oriented lamellae

(instead of the usual rosette). Mouth large;

supramaxillary present. Teeth mostly villiform,

many of them depressible. No enlarged scales on

operculum. Upper portion of preopercular bor-

der usually with one to four projecting spines.

Two (or one) pyloric caeca. Dorsal spines II to

VIII. Anal with no or with III spines, in the

latter instance with the last spine shorter than

the penultimate. Pelvics I, 5, the inner ray at-

tached to the abdomen by a membrane.

The group of genera defined above seems

to be sufficiently distinctive to warrant family

recognition. That they are all interrelated is

indicated by the rather large number of presum-

ably independent minor characters held in com-

mon. That they deserve family rather than

subfamily status is a more open question, and

the author admits to considerable vacillation on

this matter.

The major points in favor of family recogni-

tion would seem to be the following: (1) The
genera here attributed to the Grammistidae ap-

pear to be easily and clearly distinguishable from

all other percoid fishes. If intermediates exist

between them and other families, they have

escaped the author’s notice. Apparently the

closest relatives are certain members of the

Serranidae, e.g., Diploprion

,

with somewhat

elongate nasal organ and membranes between

the pelvics and the abdomen. However, in

other characters Diploprion falls clearly with

Epinephelus rather than with the grammistids.

( 2 ) Although the characters differentiating the
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Fig. 8. Caudal skeleton of Pseudogramma; interos-

seous spaces hatched.

grammistids from related families are morpho-
logically rather trivial, they are no more so than

the features distinguishing many percoid fam-

ilies. In the percoids, the only alternative to such

a basis of separation would appear to be the

lumping of thousands of species into one or

a few unwieldy families. (3) The Serranidae

is already such a family. Indeed Weber and

de Beaufort (1936: 555-559) have found it

necessary to separate out the Serranidae at

seven different points in their key to the Indo-

Australian percoid fishes. Any procedure that

would remove one or more of the heterogeneous

elements now contained in the Serranidae would
make the serranids a more manageable and more
meaningful group. (4) The genera here in-

cluded in the Grammistidae represent a phylo-

genetic lineage of respectable size. Recognition

of the Grammistidae is therefore a somewhat
different and, in the author’s opinion, a more
worthy procedure than chipping off as separate

families the most aberrant endpoints of line-

ages. (5) From a purely practical standpoint,

the retention of the grammistids, including the

"pseudogrammid” genera, as a subfamily of the

Serranidae would make it impossible to use the

incomplete or interrupted lateral line as a basis

for separating the serranids from the "pseudo-

chromid” groups.

Nevertheless, one very valid argument can be

given for retaining subfamily rank for the gram-

mistids: that changes in status of portions of

the Serranidae should not be undertaken with-

out a consideration of the family as a whole.

The author gladly admits the point. He merely

feels that waiting for anything like a compre-

hensive review of the Serranidae is an imprac-

tical procedure.

ACKNOWLEDGMENTS

The author wishes to thank the members of

the Fish Division of the Territory of Hawaii

Board of Agriculture and Forestry for the facil-

ities making possible the "deep water poison

station” in which Suttonia lineata was collected.

Comparative material in the U. S. National Mu-
seum was examined through the kind permission

of Dr. L. P. Schultz; travel to that institu-

tion was defrayed by a Guggenheim Fellowship.

Figures 1 and 4 were drawn by Miss Marian

Adachi.

REFERENCES

Boulenger, G. A. 1895. Catalogue of the Fishes

of the British Museum. 2nd ed. Vol. 1. 371

pp., 15 pis., 26 figs. British Museum, London.

Breder, C. M., Jr. 1927. Scientific results of

the first Oceanographic Expedition of the

"Pawnee,” 1925. Bull. Bingham Oceanogr.

Coll. 1(1): 1-90, 36 figs.

INGER, R. F. 1955. A revision of the fishes of the

genus Plesiops Cuvier. Pacif. Sci. 9(3)

:

259—

27 6, 4 figs.

Kamohara, T. 1957. List of fishes from Amami-

Oshima and adjacent regions, Kagoshima Pre-

fecture, Japan. Rep. U. S. Mar. Biol. Sta.

4(1): 1-65, 38 figs.

Kanazawa, R. H. 1952. More new species and

new records of fishes from Bermuda. Fieldi-

ana, Zool. 34: 71-100, 13 figs.

Longley, W. H., and S. F. Hildebrand. 1940.

New genera and species of fishes from Tor-

tugas, Florida. Pap. Tortugas Lab. 32: 225—

285, 1 pi, 28 figs.

Norman, J. R. 1935. Coast fishes. Part I. The

South Atlantic. 'Discovery’ Rep. 12: 1-58,

15 figs.



38 PACIFIC SCIENCE, Vol. XIV, January I960

1957. A Draft Synopsis of the Orders,

Families and Genera of Recent Fishes and

Fish-like Vertebrates. 649 pp. Photolitho-

graphed.

Regan, C. T. 1913. The classification of the

percoid fishes. Ann. Mag. Nat. Hist. XII (8)

:

111-145.

Schultz, L. P., et al. 1953. Fishes of the Mar-

shall and Marianas Islands. Vol. 1. Bull. U. S.

Nat. Mus. 202. xxxii + 685 pp., 74 pis., 90

figs.

Smith, J. L. B. 1949. The Sea Fishes of South-

ern Africa. 550 pp., 102 pis., text figs. Cape

Times, Cape Town.

1952. Plesiopid fishes from South and

East Africa. Ann. Mag. Nat. Hist. XII ( 5 )

:

139-151, pis. 9, 10, 2 figs.

1953. The fishes of the family Pseudo-

grammidae from East Africa. Ann. Mag. Nat.

Hist. XII (6): 548-560, 3 figs.

1954^. Pseudoplesiopsine fishes from

South and East Africa. Ann. Mag. Nat. Hist.

XII (7): 195-208, 3 figs.

— 1954A Aberrant serraniform fishes from

East Africa. Ann. Mag. Nat. Hist. XII (7):

861-872, pi. 27, 1 fig.

SUYEHIRO, Y. 1942. A study on the digestive

system and feeding habits of fish. Jap. J.

Zool. 10(1): 1-303, 15 pis., 190 figs.

Weber, M., and L. F. de Beaufort. 1929. The
Fishes of the Indo-Australian Archipelago.

Vol. V. 458 pp., 98 figs. E. J. Brill, Leiden.

and 1931. The Fishes of the

Indo-Australian Archipelago. Vol. VI. 448

pp., 81 figs. E. J. Brill, Leiden.



Pinnixa darwini

,

a New Species of Pinnotherid Crustacean

from the Galapagos Islands

John S. Garth 1

While REPORTING on the Crustacea Decapoda

Brachyura of the Lund University Chile Expedi-

tion (Garth, 1957), the writer had occasion to

review the status of the genus Pinnixa White

on the west coast of South America, and, par-

ticularly, to re-examine specimens previously

referred by various authors to P. transversalis

(Milne Edwards and Lucas, 1842: pi. 10, figs. 3,

3a-e; 1844: 23). This proved to be a quasi-

generic designation, or at least a species complex

under which two or more valid species had been

masquerading. It is not surprising, therefore,

that when specimens from Darwin Bay, Galapa-

gos Islands, so reported by the writer (Garth,

1946: 497), together with certain other Gala-

pagos material more recently acquired, came

under the same close scrutiny, it was discovered

that in addition to the aforementioned P. trans-

versalis, which has as its type locality the shores

of Chile, a new and perhaps endemic species

was represented among them. It being deemed

inappropriate to include a Galapagos Islands

species in a report on the fauna of Chile, its de-

scription was withheld at the time and is now
presented in connection with the world-wide

observance of the Darwin Centennial, the 100th

anniversary of the publication in 1859 of "The

Origin of Species.”

Although Charles Darwin is not known to

have collected decapod crustaceans in the Gala-

pagos Islands, or elsewhere along the west coast

of South America, during the celebrated voyage

of the Beagle, his monograph on the Cirripedia

(1851-1854) was a fundamental contribution to

crustacean systematics. Had his genius for eluci-

dating the obscure been directed toward the

crabs instead of toward the barnacles, our pres-

ent knowledge of the Pinnotheridae, a family of

brachyurans living as commensals with poly-

1 Allan Hancock Foundation, University of South-

ern California, Los Angeles, California. Manuscript

received September 5, 1958.

chaetes, mollusks, and echinoderms, would have

been immeasurably enriched. The revelation of

their fascinating habits was left to a later group

of nineteenth century investigators, notably Ver-

rill (1870), who referred to them quaintly, al-

though not too correctly, as parasites. However,

in view of Darwin’s contribution to systematic

carcinology and to Galapagan zoogeography, it

seems entirely appropriate that a new species of

pinnotherid crustacean from the bay that bears

his name and the islands to which he brought

lasting fame should be dedicated to the illus-

trious proponent of evolutionary theory and ex-

ponent of natural selection.

Family PINNOTHERIDAE Dana

Genus Pinnixa White

Pinnixa darwini, n. sp.

Fig. 1A-F

TYPE: Male holotype and ovigerous female

allotype, A.H.F. No. 3812a and b, respectively,

from Darwin Bay, Tower Island, Galapagos

Islands, 40-70 fathoms, January 16, 1938, col-

lected by the "Velero III” at station 783-38.

Male paratype, same locality, date, and station

number, to be deposited in the collections of

the U. S. National Museum.
MEASUREMENTS: Male holotype, length 3.1

mm., width 5.8 mm., frontal width 0.9

mm., fronto-orbital width 2.15 mm., cheliped

(ischium-merus-carpus 1.6 mm., manus-dactylus

3.0 mm.) 4.6 mm., chela 3.0 mm., superior mar-

gin 1.8 mm., height of palm 1.6 mm., dactyl

1.5 mm., merus of leg three: length 2.8 mm.,

width 1.2 mm. Female allotype, length 3.8 mm.,

width 8.2 mm.
diagnosis : Cardiac ridge obsolescent; antero-

lateral margins forming a sharp, milled crest.

Eyes and eyestalks large, filling orbits. Propodus

of external maxillipeds short and broad, dac-

tylus considerably longer. Chelae moderately

robust, fingers enclosing an oval gape. Merus of

39
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Fig. 1. Pinnixa danvini, male holotype, A.H.F. No. 3812a, station 783-38. A, dorsal view, X 8; B, right

chela, X 12; C, frontal view, X 17.5; D, right outer maxilliped, X 30; E, abdomen, X 12; F, first pleopod,

X 45. D-F with fringing hairs omitted. A-E drawn by Russel Cangialosi; F drawn by Anker Petersen.
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leg three two and one-third times as long as

wide; leg four not overreaching merus of leg

three. Male abdomen terminally broadened, tip

triangular. Male first pleopod with a terminal

projection and a subterminal swelling.

DESCRIPTION: Carapace suboblong, width 1.87

times length in male, 2.16 times length in

female, lateral angles forming prominent shoul-

ders from which sides drop away steeply, sur-

face smooth and porcellanous, minutely punc-

tate, and laterally fringed with plumose hairs.

Gastrocardiac trench shallow, cardiac region ele-

vated but uncrested, anterolateral margins, from

lateral angle of carapace to cervical suture, form-

ing a continuous, sharply defined, granular crest.

Front truncate, slightly advanced beyond orbits,

bilobed, lobes fringed. Orbits wide, inclined

transversely in dorsal view, somewhat obliquely

in frontal view, and completely filled with un-

constricted eyestalk and cornea.

External maxilliped with a short, broad pro-

podus and a longer, spatulate dactylus broaden-

ing distally; all segments with fringing hairs.

Chelipeds of male well developed, merus tri-

gonal, inner surface concave; carpus smooth and,

like merus, hairy; manus widening distally,

height .88 times superior length, uncrested, hairs

of outer surface arranged principally in three

rows, the lower extending onto pollex, the

middle terminating at gape, and the upper con-

tinuing on dactyl; fingers arching toward each

other, pollex with three denticles, lower margin

of hand sinuous; dactylus with two small teeth

at middle of gape; gape choked with clavate

hairs.

Dactyls of ambulatory legs one and two
straight and slender, of leg three broad and

slightly curved, of leg four broad and straight.

First leg narrower than, and reaching mid-

dactylus of, second; second leg reaching mid-

propodus of third; third leg longest, merus 2.33

times long as wide, carpus and propodus corre-

spondingly broadened, fourth leg greatly re-

duced, its merus not over half the length of, its

dactyl not overreaching, the merus of leg three.

All legs conspicuously hairy.

Male abdomen with somites four to six fused,

edges sinuous; broadest at base of somite three,

narrowest at base of somite five, broadening

again to base of somite seven; seventh somite

triangular in outline. Line of hair on somite two

continued across sternum.

Male first pleopod with a spinelike terminal

process bent at a slight angle to the axis of the

appendage; a bulbous subterminal swelling be-

neath.

Carapace of female broader than male, side

walls less steep, shoulder less prominent; chelae

more slender than male, palm narrower, fingers

longer, gape less apparent.

REMARKS: At the time of publication of the

"Littoral brachyuran fauna of the Galapagos

Archipelago” (Garth, 1946), but one species of

Pinnixa, P. transversalis (Milne Edwards and

Lucas) was known to inhabit the Galapagos

Islands. The basis for this record, and for the

diagnosis and figures presented {ibid.: 498, pi.

84, figs. 6 and 8) was a male and female from

Darwin Bay, Tower Island, 40-70 fathoms,

"Velero III” station 783-38, identified by the

late Steve A. Glassell, together with the tubes of

Chaetopterus variopedatus (Renier) from which

they were taken. Subsequently, two other lots of

Pinnixa from the Galapagos Islands, both of

Hancock expeditions origin, have come to hand:

the first, a single male from Tagus Cove, Al-

bemarle Island, 12 fathoms, December 10, 1934,

"Velero III” station 330-35, identified by the

late Mary J. Rathbun as P. transversalis, and the

present group of two males and one ovigerous

female, which, although coming from the same

locality and station as the Glassell-identified

specimens, represent a totally different and

hitherto undescribed species.

The proposed new species finds its most

closely related species in Pinnixa faxoni Rath-

bun (1918: 133, pi. 29, figs. 4-7, figs. 77a, b),

type locality Trinidad, of which it is almost cer-

tainly the Pacific analogue. According to Dr.

F. A. Chace, Jr., curator of marine invertebrates,

U. S. National Museum, who made the compari-

son, the carapace, including the ridge across the

hinder part, is practically identical with some of

the type series of P. faxoni. Only three impor-

tant differences between the two species were

noted: first, the fingers of the chelae gape much
more widely in the Galapagos species than in

P. faxoni, those of the male of P. faxoni being

very much like those of the female of the pro-

posed new species, those of the female of P.
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Fig. 2. Pinnixa transversalis (Milne Edwards and

Lucas), male, station 783-38. A, right outer maxil-

liped, X 20; B, abdomen, X 6; C, first pleopod, X
26. Fringing hairs omitted. Drawn by Anker Petersen.

faxoni meeting throughout their lengths; second,

the male abdomen of the new species is more
constricted in the central portion and more
abruptly broadened distally than in P. faxoni

(as shown in Rathbun’s figure 77a); third, the

male first pleopods are different in the two spe-

cies, the distal, spinelike process in P. faxoni

being much longer, more slender, and bent at

nearly a right angle to the axis of the append-

age. Furthermore, P. faxoni is apparently the

shaggier of the two species, but how much so

cannot be determined because of the matting of

the hairs in the type series of P. faxoni with

fine silt.

Pinnixa transversalis (Milne Edwards and

Lucas) from the same locality (Fig. 2A-C) may
be distinguished from the new species by the

shape of the male abdomen, which is uncon-

stricted medially and has a rounded terminal

segment, by the external maxilliped, the pro-
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podus of which is less quadrate, and by the male

first pleopod, which lacks the spinelike exten-

sion with its bulbous base. The specimen from

which these figures were made measures 4.8 mm.
in length and 9.4 mm. in width and is without

doubt the 5.0 X 9.4 mm. specimen, errone-

ously recorded as a female (Garth, 1946: 498),

of which measurements were given, since the

female from the same station measures only

3.3 X 6.8 mm. In addition, P. transversalis has

a sharp ridge extending entirely across the pos-

terior portion of the carapace, and the chelae in

both sexes are narrow, thin, and straight, the

fingers pointed.

Finally, it should be stated that, while the

specimens of Pinnixa transversalis were recov-

ered from the arenaceous tubes of Chaetopterus

,

the commensal host of the new species remains

a subject for future investigation.
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On the World-wide Dispersal of a Hawaiian Barnacle,

Balanus amphitrite hawaiiensis Broch 1

Huzio Utinomi2

In recent years a great deal of attention has

been given by many workers, especially by

marine ecologists and oyster planters, to the in-

troduction of an Australian barnacle, Elminius

modestus Darwin, into British waters and to its

subsequent rapid spread along the continental

European coasts from Brittany to the mouth of

the Elbe River. The most recent extensive re-

views of the occurrence of this barnacle on those

coasts have been given by Den Hartog (1953)

and Kiihl (1954). Similarly, another instance

of the introduction of an adventive barnacle into

British coastal waters has also focused more at-

tention on the possibility of other importations

of many harmful foreign animals, as well as the

extension of their natural geographical distribu-

tion. These studies strongly suggest that trans-

portation on ships’ bottoms or as stowaways

among oysters is the chief means of migration

(Allen, 1953; Coe, 1956).

The second example of a barnacle imported

into European waters has long been considered

to be Balanus amphitrite var. denticulata Broch,

which was originally described by Broch ( 1927

)

from the Suez Canal. Since the first record of its

occurrence on the southern coasts of Britain by

Bishop (1950), most of the European workers,

especially field ecologists who are not acquainted

with the Pacific species of barnacles, have over-

looked the fact that it is identical with Balanus

amphitrite forma hawaiiensis Broch (1922),

which is thought to be native to the Hawaiian

Islands.

The object of this paper is to state the reasons

for considering both of these forms as identical,

at least with each other and possibly with other

1
Contributions from the Seto Marine Biological

Laboratory, No. 335. Manuscript received January 2,

1958.
2
Seto Marine Biological Laboratory, Sirahama,

Wakayama-ken, Japan.

forms ( or subspecies ) ;
and to present the al-

leged distribution of these related forms, as far

as can be determined from the records of their

occurrence.
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identity OF subspecies denticulata WITH
SUBSPECIES hawaiiensis

Balanus amphitrite Darwin (1854) com-

prises many local forms, occasionally treated as

either "subspecies” or "varieties,” which are

diversified in the number of teeth on the labrum.

Most of the subspecies have only three teeth on

each side of a median notch. The other sub-

species almost always have four teeth, or a larger

number (Hiro, 1938). Even in the subspecies

having three or four teeth, the actual number is

apt to vary among specimens, but in such cases

the innermost one is either small or only rudi-

mentary.

The two subspecies, hawaiiensis and denticu-

lata, have such a multidenticulate labrum. The
same is true of Balanus ehurneus Gould and of

B. improvisus Darwin, which are found as mi-

grants on ships sailing between America and

Europe. The number of teeth is also variable,

ranging between 8 and 20; in most cases 10 to

13 larger teeth are found on each side, but never

fewer than 8.

The most outstanding features in external ap-

43
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pearance which prove the identity of both forms

are the colored stripes on the wall and the shape

of the opercular valves. The shell is glossy white,

smooth, and furnished with dark violet longi-

tudinal stripes not crossed by any transverse

stripes, though growth lines are faintly defined.

Usually a broad white area is present in the

middle of the larger compartments (carina,

laterals, and rostrum), and a similar white area

is present along both sides, the colored stripes

being indistinct or quite absent there ( see Table

1). The parietal tubes (the number of which

corresponds with the number of the colored

stripes, both distinct and obsolete) are narrow

and numerous; the longitudinal septa on the

inner lamina are strongly developed and run up
to the sheath as high ridges which are very finely

denticulate on both sides. The radii are very

broad, with summits almost parallel to the base

(Fig. 1).

In describing the new variety denticulata

from the Suez Canal, Broch (1927) did not

mention its close affinity with his earlier form

hawaiiensis described in 1922. A comparison of

his descriptions and figures of both forms with

the Japanese specimens of hawaiiensis clearly

shows that there is no difference important

enough to separate them as different subspecies.

Therefore, I believe that denticulata must be the

same as hawaiiensis.

DIFFERENCES BETWEEN SUBSPECIES hawaiiensis

AND subspecies communis

Notwithstanding the peculiarities mentioned

above, sometimes there has been confusion
among cirripede systematists between forma

hawaiiensis (or denticulata ) and Darwin’s vari-

ety communis ( see Table 3 )

.

For example, Nilsson-Cantell (1938: 37)
recognized both subspecies as distinct, but men-
tioned that "I do not consider it impossible that

they ( denticulata ) represent a special race from
the canal zone, but I do not think that numerous

teeth on the labrum are a special characteristic

of the subspecies denticulata
!’ He emphasized

that a great variability in the number of teeth

on the labrum is not always of systematic im-

portance, remarking that "the typical communis
also has numerous teeth on the labrum.” How-
ever, I most emphatically dissent from his

opinion in this respect. As he says, it is true that

the balanids are highly variable as far as a par-

ticular character is concerned, but I hold that

there are certainly some admittable limitations

in the range of variation. A similar unreliability

in identifications based only on the labrum was

pointed out by Pilsbry (1916: 88), in the case

of Balanus improvisus.

Some specimens of subspecies communis re-

semble subspecies hawaiiensis superficially, be-

ing often found together in the same place, but

TABLE 1

The Number of Longitudinal Colored Stripes in all Compartments of Balanus amphitrite

hawaiiensis AND Balanus amphitrite communis*

SIZE OF
SPECIMENS CARINA

LEFT
CARINO-
LATERAL
COM-
PART-

MENT

RIGHT
CARINO-
LATERAL
COM-
PART-

MENT

LEFT
LATERAL
COMPART-
MENT

RIGHT
LATERAL
COMPART-
MENT

ROSTRUM

B. a. hawaiiensis

c.r.d. 15.4 mm. (0)5(1)50) (1)2(1) (0)2(2) 0)4(2)40) (0)50)4(2) (2)5(2)5(2)
c.r.d. 18.0 mm. (1)3(2)4(1) (1)2(1) (1)2(2) (2)4(2)40) (05(2)4(2) (2)5(3) 6(1)
c.r.d. 18.5 mm. (0)5(2)4(0) (0)3(1) (1)2(1) (2)50)3(1) (1)40)4(0) (2)4(2)4(3)
c.r.d. 19-6 mm. (2)4(1)30) (1)2(1) (1)2(1) (1)30)4(2) (2)2(2)2(0) (05(2)4(2)

B. a. communis
c.r.d. 14.0 mm. 10 3 2 10 9 9
c.r.d. 18.2 mm. 8 2 2 9 9 9
c.r.d. 20.0 mm. 9 4 2 10 10 10

* c.r.d. = carino-rostral diameter. Numbers without parentheses represent distinct stripes. Numbers in parentheses represent
obsolete or reduced stripes. The total number corresponds with the number of parietal tubes in each of the compartments.
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Fig. 1. Balanus amphitrite hawaiiensis Broch (a, h and e) and B. amphitrite communis Darwin (d) :

a, Profile of left lateral compartment, showing the arrangement of longitudinal colored stripes, either distinct

or indistinct (dotted in the figure)
;
b, c, basal view of parietal tubes; d, e, labrum.

the two differ in several important details of

structure, as summarized in Table 2.

Consideration of these characteristics will

prove that the two subspecies are separable from

each other when large series of specimens are

examined.

DISTRIBUTION AND SYNONYMY

Herewith is presented a summary of accounts

of the corresponding subspecies of Balanus am-

phitrite Darwin given by previous workers and

the supposed geographical distribution of B.

amphitrite hawaiiensis Broch ( Fig. 3 ) . The evi-

dence is far from complete and some records of

occurrence are not conclusive, since most of the

subspecies or forms of Balanus amphitrite, espe-

cially the most familiar communis, have been

insufficiently described (often without detailed

figures), or are recorded only by a subspecific

name. Nevertheless, those I have listed may help

future workers towards the solution of the prob-

lems presented herein.

1. Recorded as B. a. hawaiiensis:

Kaladis Point, Mindanao (Broch, 1922).

Pearl Harbor, Hawaii (Broch, 1922).

Honolulu Harbor, Hawaii (Pilsbry, 1928).

Sasebo, Kure, Maizuru, Seto, and Misaki,

Japan (Hiro, 1937, 1938).

Persian Gulf (Nilsson-Cantell, 1938).

Suo, Kiirun, Tansui, Takao, and Mako,

Formosa (Hiro, 1939).

Aio, Seto Inland Sea, Japan (Hudinaga and

Kasahara, 1942).

Pearl Harbor and Kaneohe Bay, Hawaii

(Edmondson and Ingram, 1939;

Edmondson, 1946)

.

Misaki, Japan (Hirano and Okushi, 1952).

2. Recorded as B. a. denticulata:

Suez Canal (Broch, 1927; Ciurea et al., 1933;

Monod, 1937 )

.

Southern coasts of Britain (Bishop, 1950;

Norris et al., 1951; Crisp and Molesworth,

1951).

Atlantic coasts of France ( Bishop et al.,

1957).

Knysha Estuary, South Africa (Millard,

1950).
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Queensland and Torres Strait, Australia

(Allen, 1953).

Durban Bay, South Africa ( Day and Morgan,

1956).

3. Recorded as B. a. communis (in part):

Ismailia, Timsah Sea, Suez Canal (Nilsson-

Cantell, 1921).

? Billiton, Sunda Islands (Nilsson-Cantell,

1921 ).

? Messina port, Italy (Nilsson-Cantell, 1921).

Istanbul harbor, Turkey (Neu, 1939).

Middle Harbor, Port Jackson, Australia

(Pope, 1945).

Adriatic Sea (Kolosvary, 1947).

Black Sea (Zevina and Tarasov, 1957).

4. Recorded as B. a. venustus:

Krusadai, Gulf of Manaar, Ceylon (Raj,

1927).

5. Recorded as B. a. fraudscanus and B. a. herzi

:

San Francisco Bay, California ( Rogers,

1949).3

6. Recorded as B. amphitrite, subspecific name
not given

:

Atlantic coasts of France (Prenant, 1929;

Fischer, 1929; Fischer-Piette, 1932, etc.).

? Biscayne Bay, Florida (Weiss, 1948).

Oakland Estuary, California (Graham and

Gay, 1945).

7. Unpublished records of occurrence:

San Diego, Salton Sea, and San Francisco Bay,

California; and the Hawaiian Islands (New-
man, 1955, 1956: personal communica-

tion).

Dakar, West Africa (from I.F.A.N.

Collection )

.

Seto Inland Sea and Ise Bay, Japan (Ota,

1955: personal communication).

A detailed discussion of the synonymies listed

above is omitted, for the sake of saving space,

but the preceding illustrations and descriptions

8
1 am not certain whether another new subspecies,

B. a. saltonensis Rogers, from the Salton Sea, is the

same as the others or is distinct from them.

FIG. 2. Balanus amphitrite hawaiiensis Broch {a and h) and B. amphitrite communis Darwin {c and d)

:

a and c, Inside of tergum; h and d, inside of scutum.
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TABLE 2

Differences in Details of Structure Between Balanus amphitrite hawaiiensis and
B. amphitrite communis

DETAILS OF
STRUCTURE B. amphitrite hawaiiensis B. amphitrite communis

Ground color of shell. .. Glossy white Rather reddish white, darkened with

bluish tint in upper part

Outside of parietes Only dark violet longitudinal stripes

sharply defined; those in middle and

along both sides indistinct or reduced

(Fig. la)

Pale or dark violet longitudinal stripes

crossed by the same colored or red-

dish transverse stripes on the whole

area

Inside of parietes Strongly ribbed up to the sheath; ribs

flat on roof and finely denticulate on

both sides but not bifurcate distally

(Fig. lb)

Slightly ribbed near base; ribs low, with

slight denticulation at base which

may extend as bifurcate secondary

ribs; a few shorter riblets often in-

terseptally (Fig. 1 c)

Parietal tubes Numerous (about 16 in rostrum), nar-

row and square at base (Fig. lb)

Few (about 9 in rostrum), large and
rectangular at base (Fig. 1 c)

Radii.... Very broad, flat, with almost level sum-

mits, forming an angle of about

100°-110° with the interlocking

margin (Fig. la)

Narrow, slightly sunken, with very ob-

lique summits, forming an angle of

about 140° with the interlocking

margin

Rostrum Apex usually incurved Apex often turned outwards when iso-

lated

Scutum Depression below adductor ridge deep,

oblongly circumscribed (Fig. 2b)

Depression below adductor ridge shal-

low, lengthened along adductor ridge

(Fig. 2d)

Tergum. Spur very broad, over 14 width of the

valve, short, either rounded or trun-

cate distally and separated from basi-

scutal angle by less than its own
width; crests for depressor muscles

strongly developed, typically 5 (Fig.

2a)

Spur longer than wide, with more or less

hatchet-shaped end, separated from
basi-scutal angle by its own width

which is less than 14 that of the

valve; crests for depressor muscles

not so strong, exceeding 5 in num-
ber (Fig. 2c)

Labrum Multidenticulate on each side of a me-

dian notch (Fig. le)

3 teeth, or with a smaller additional one,

on each side (Fig. Id)

of this subspecies, compared with the typical

communis

,

will help to a certain extent in later

identifications.

NATIVE SEA AND HABITAT

From these data of occurrence, it is very likely

that the subspecies hawaiiensis (= denticulata

)

is not a local variant restricted to such a small

area of special environments as the Suez Canal,

but nowadays is very widely distributed in cir-

cumequatorial tropical and temperate areas in

all oceans.

Its native habitat is probably the Hawaiian

Islands in the mid-Pacific tropical sea. From this

mid-Pacific area it may have spread much earlier

and more rapidly in all seas than did the Aus-

tralasian barnacle, Elminius modestus Darwin,

in European and South African waters. It is sup-

posed that the first establishment of this Ha-

waiian barnacle took place from the tropical

west Pacific, such as the Philippines and For-

mosa, lying along the North Equatorial Current,

where it is directed westerly, although the most

probable means of migration may have been at-

tachment on the hulls of ships.

In these tropical and subtropical areas the
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Fig. 3. Geographical distribution of Balanus amphitrite hawaiiensis Broch.

barnacles grow abundantly in the intertidal zone

of sheltered coasts, usually below the mean sea

level; sometimes they occur in clusters on wharf

piles, coastal rocks, and mangrove roots on the

leeward side but not on seaward reefs with

flourishing reef corals.

In the more northern temperate areas, such

as the Japanese and Californian coasts, the bar-

nacles are generally restricted to quiet bays or

harbors of enclosed water and are usually at-

tached to floats, buoys, ship bottoms, or sub-

merged panels under the low tide level.

They seem to have a tolerance for a wide

range of salinities (on the average S 16-30

°/oo), for they are found in the main harbor

waters where the salinity is that of normal sea

water but may be subject to at least occasional

dilution with fresh water. In more estuarine

situations they are replaced by B. amphitrite

alhicostatus Pilsbry or by B. amphitrite kriigeri

Nilsson-Cantell. On the other hand, in more
saline waters towards the mouth of bays, B.

amphitrite communis as well as B. trigonus Dar-

win dominate in the subtidal zone. A similar

change in barnacle communities has been noted

by Day and his collaborators (1956) during

their ecological survey of South African estuaries.

From my experience of studies on the fouling

organisms of naval ships, I am reminded that

B. amphitrite hawaiiensis was predominant in

Kure port, on the Seto Inland Sea, but was less

common in any of the bays facing open seas

along the Pacific coast of Japan. There the domi-

nant form was B. amphitrite communis.

In this connection it is interesting to find a

similar change of habitats in B. amphitrite den-

ticulata {— B. a. hawaiiensis) established on the

Atlantic coasts of France (Bishop et al., 1957).

According to them, it is always submerged on

the northern coast but is rare or absent on

the southwestern coasts of highly estuarine

condition.

From these ecological evidences, it seems most

appropriate to say that B. amphitrite hawaiiensis

is a protected-water form rather than a poly-

haline form. B. amphitrite communis, on the

other hand, is a stenohaline subtidal form; and

Elminius modestus is a more estuarine intertidal

form. This last-named barnacle was originally

found in a temperate habitat, in European wa-

ters, where it had established itself, so that it

may extend farther northward than does B. am-

phitrite hawaiiensis.

At any rate, marine animals living in an en-

vironment of variable salinity have their repro-

ductive cycle of spawning correlated with the
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temperature cycle rather than with salinity.

Therefore, as might be expected, there is no

particular correlation between successful estab-

lishment of fouling organisms and the variable

salinity of sea water in the different regions

where the barnacle makes a successful settlement.

SUPPLEMENTAL NOTE

After the present paper was submitted, an

article by John D. Costlow and C. G. Bookhout,

entitled "Larval development of Balanus amphi-

trite var. denticulata Broch reared in the lab-

oratory,” appeared in the Biological Bulletin,

114(3): 284-295, June, 1958. In this paper

they confirmed the fact that B. amph. denticulata

occurs abundantly as an important fouling or-

ganism at Beaufort, North Carolina, on the east

coast of North America, and that it is wholly

identical with B. amph . hawaiiensis in all

naupliar stages during metamorphosis. The oc-

currence of this subspecies there may be sup-

posed also from the illustrations given in Weiss

(1948).
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Luminous Organs of the Deep-Sea Squaloid Shark,

Centroscyllium ritteri Jordan and Fowler

Tamotsu Iwai 1

In THEIR world-wide revision of the squaloid

sharks, Bigelow and Schroeder (1957: 47) re-

ferred five species to the genus Centroscyllium,

viz.: ritteri, granulatum, fabricii, nigrum, and

ornatum . Of these, one species only, C. ritteri

Jordan and Fowler, is recorded from the western

Pacific region. Since this species appears to in-

habit rather great depths, very little regarding it

has been reported. Except for the lower denti-

tion, the taxonomic features of Centroscyllium

resemble those of Etmopterus, which is known
to possess a number of minute luminous or-

gans, particularly in a blackish color pattern.

The present study was made in order to deter-

mine whether C. ritteri, like the species of

Etmopterus, possesses luminous organs.

In regard to the luminous organs of Etmop-

terus, there is sufficient literature to make an

accurate review (e.g., Dahlgren and Kepner,

1908: 134; Ohshima, 1911: 1; Schmidt, 1931:

9). But neither detailed accounts of the lumi-

nous organs of C. ritteri nor a comparison of

them with those of species of the genus Etmop-

terus have hitherto been presented, though

Burckhardt (1900: 567) briefly dealt with the

luminous organs in certain species of Centro-

scyllium . Such a comparison should both extend

our knowledge of luminescence in elasmobranch

fishes and afford a clearer insight into the nature

of their luminous organs.
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ciation to Prof. K. Matsubara for his cordial

guidance and for permission to work on his

collection. Thanks are also due to Dr. W. C.

Schroeder of the Woods Hole Oceanographic
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paper. The comments and suggestions of Dr.

Y. Haneda of the Yokosuka City Museum are

gratefully acknowledged.
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MATERIAL AND METHODS

Since C. ritteri is relatively rare, only a single

specimen measuring 160 mm. from the tip of

snout to the origin of upper lobe of caudal fin,

and 216 mm. in total length, was available for

a dissection. It has been preserved in 10 per

cent formalin. The distribution of the luminous

organs was first examined by means of a binoc-

ular microscope. Then the skin was removed

for the microscopic preparations. Sections were

made by the usual paraffin method at a standard

thickness of 10 /*. The staining methods used

were Mayer’s hemalum-eosin and Mallory’s triple

stains.

In order to make a comparison of the lumi-

nous organs an embryo of Etmopterus lucifer

Jordan and Snyder measuring 135 mm. in total

length was also sectioned.

OBSERVATIONS AND DESCRIPTIONS

Distribution of the Luminous Organs

The luminous organs of C. ritteri are widely

distributed over the body surface and some

of the fins, though gradation is not uniform

throughout the body. The organs are so num-
erous that their total number is difficult to esti-

mate. Each organ is very small, 0.11-0.15 mm.
in diameter, and is provided with a pigment

sheath. In addition, these sink within the epi-

dermis. Therefore, it is scarcely possible to ob-

serve the organs with the naked eye. However,

they can be seen as small black spots under a

low magnification.

In general, the densely distributed areas of

luminous organs agree well with the jet-black

color pattern marked on the body. The ground

color of the head and body preserved in formalin

is chocolate brown, but the tip and ventral sur-

face of head are black, as is the belly. The first

and second dorsal fins and the pectoral fin are

edged with a white band. There are distinct

black markings on the ventral surface of the
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upper eyelid, the base of the pectoral fin, the

flank, and the ventroposterior corner of the cau-

dal peduncle. These blackish areas are equipped

with a greater number of luminous organs than

are the other portions of the body. The most

concentrated area of organs is the flank, which

is dotted with black pigments (Fig. 1), the

number of organs being 1 1-14 per square mm.
On the other hand, the luminous organs are most

sparse on the dorsal region of the body, exclud-

ing the head. On this area few luminous organs

could be recognized.

Of particular interest is the presence of lumi-

nous organs studded on the ventral surface of

the upper eyelid (Fig. 2). They are most con-

spicuous on both the anterior and posterior

portions of the upper eyelid, but are poorly de-

veloped or absent at the central portion im-

mediately above the eyeball.

Histological Features of the Luminous Organs

The epidermis of C. ritteri, in which the lumi-

nous organs are embedded, is composed of a

stratified squamous epithelium with some mu-
cous cells. This layer is lined with the stratum

of dermis which consists of fibroelastic tissues

(Fig. 3). Throughout the luminous area there

extends a thin layer of pigment cells between

the dermis and the epidermis, and the luminous

organs are usually set on this pigment layer. On
the scaled area the organs are found to be

scattered among the placoid scales. Most of

the luminous organs are obliquely situated and

slightly inserted in the distal portion of the

dermis.

Each luminous organ is a hemispherical cup

in shape, and is composed of four main ele-
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ments, (1) photogenic cells, (2) an irislike

structure of pigment cells, (3) lens cells, and

(4) a pigment sheath covering the organ.

The photogenic cells, approximately 7-12 in

number, occupy the bottom of the organ. These

cells are of a glandular type with an eosinophil

secretion in their distal portion. Photogenesis

seems to be intracellular. The lower half of a

mass of photogenic cells is covered directly with

the pigment sheath without a reflectorlike struc-

ture (Fig. 3).

Along the peripheral border of the mass of

photogenic cells, there is a crowding of the pig-

ment cells (Fig. 3). These are arranged in a

circle and send out dendritic inward projections

covering the cup. They apparently are capable

of controlling themselves in the area which in-

tercepts the photogenic body. This structure,

therefore, may serve as an iris to regulate the

amount of the light emitted from the photogenic

cells. The arrangement of pigment cells of this

structure resembles that of Etmopterus fronti-

maculatus rather than E. lucifer, described by

Ohshima (1911: 4). The irislike structure of

the latter species is more developed, that is, the

pigment cells extend further toward the lens

cells (Fig. 4).

Each luminous organ bears two or three lens

cells lying above the cup. These cells are peculiar

in containing a large amount of homogeneous

concretion stained with orange G in cytoplasm,

though some are vacuolated. This fine structure

perhaps acts as a lens to concentrate the light

emitted from the photogenic body. The nucleus,

ovoid in shape, lies near the base of the cells.

Because of the lack of young material, it was

caudal peduncle in which luminous organs are densely distributed. Scale bar indicates 10 mm.
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FIG. 2. Diagrammatic aspect of cross section

through the eye, showing the supraorbital luminous

area (la). Scale bar indicates 5 mm.

impossible to trace a sequence of development

of the lens cells. The staining reaction of the

lens cells in this species is quite dull as com-

pared with that of E. lucifer (cf. Figs. 3, 4).

This may be due to a poor condition of fixation.

The proximal border of the luminous organ

is lined with the cup-shaped pigment sheath

(Fig. 3), which may prevent the diffusion of

light to the lining stratum. It continues to the

iris at the distal end.

There is no reflectorlike structure at the base

of the photogenic body, whereas highly de-

veloped luminous organs of teleostean fishes are

usually provided with a well-developed reflector.

The histological examinations mentioned
above show that the luminous organs of C. rit-

teri are not as well developed as those of E.

lucifer, either in number or in structure. But as

far as the structural evidence is concerned, it

is not unreasonable to assume that these organs

may be functional.

DISCUSSION

In the absence of living material, there is

doubt as to whether or not the luminous organ

of this shark is functional. Ohshima (1911: 7)

and Schmidt ( 1931: 9), both working with liv-

ing Etmopterus frontimaculatus

,

observed that

feeble luminosity appears throughout the ven-

tral surface and that the light is not produced

spontaneously but is emitted regularly by me-

chanical stimulation. The fact that the location

and structure of the organs of C. ritteri are vir-

tually the same as those of Etmopterus may
imply that the present deep-sea shark is lumi-

nous. In his work on the luminous organs of

elasmobranch fishes, Burckhardt (1900: 567-

568) found luminous organs in both Centro-

scyllium granulatum and C. fahricii. Bigelow and

Schroeder (1957: 38) also suggested the pos-

sibility of luminescence with thickenings of the

black skin in some species of CentroscyIlium.

These data would lead one to suppose that all

the members of Centroscyllium possess luminous

organs, as is the case with the genus Etmopterus

.

In several groups of fishes the characters of

the luminous organs have been adequately dis-

cussed and appear to offer good evidence for

separating the species. Haneda (1950: 216)

and Matsubara (1953: 21) recognized two

distinct species of the genus Acropoma based

chiefly upon the form of the luminous organ,

though the latter author added further features

which enable us to distinguish the species. Iwai

and Asano (1958: 8), upon studying the struc-

ture of the luminous organs as well as other

FIG. 3. Transverse section through a luminous or-

gan on the flank of C. ritteri. (X ca - 350). i, Iris;

1c, lens cell; pc, photogenic cell; ps, pigment sheath.
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Fig. 4. Photomicrograph of section showing two

luminous organs on the flank of E. lucifer. (X ca -

350). ed, Epidermis; i, iris; lc, lens cell; pc, photo-

genic cell; ps, pigment sheath.

characteristics, concluded that Apogon margina-

tus should be a synonym of A. ellioti. In their

key to the species of Etmopterus, Bigelow and

Schroeder (1957: 61) utilized the black mark-

ings on the flank which include the heavily

dotted pigment cells of the luminous organs.

Judging from the results of the present study it

seems likely that the distribution of luminous

organs, especially those on the flank and caudal

peduncle which form peculiar markings, serves

as one of the specific characters of the genus

Centroscyllium.

Attention should be called to the curious place-

ment of luminous organs on the ventral surface

of the upper eyelid. The situation of these or-

gans is similar to the series Li of Chauliodus

sloani Schneider described by Tchernavin (1953:

68). The latter consists of 4T6 cup-shaped or-

gans situated within the fold of skin above the

eye. The role of these organs is unknown, but

Tchernavin (1953: 68) suggested that such

orbital photophores serve to illuminate ap-

proaching prey or to excite the eye.

SUMMARY

1. Centroscyllium ritteri Jordan and Fowler,

like the other species of Centroscyllium or Et-

mopterus, is provided with a number of minute
luminous organs on the body surface.

2. The densely distributed areas of luminous

organs agree well with the jet-black color pat-

tern marked on the body, especially those on
the ventral surface of the upper eyelid, belly, and

flank.

3. Each luminous organ is composed of the

photogenic cells, an irislike structure of pigment

cells, the lens cells, and a pigment sheath.
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Analysis of Sea Bird Distribution in the Northwest Pacific Ocean

Nagahisa Kuroda1

This PAPER is based on data obtained by the

author on board the fur seal research ship,

"Geizan Maru,” No. 8 (capacity, 78 tons), of

the Japanese Fisheries Bureau, between June 4

and July 14, 1954, on a trip from Japan to the

west Bering Sea. This paper presents the relative

abundance of sea birds by divisions of sea zones,

and discusses their correlation with air and water

temperatures. Specific records on birds and sea

mammals have been reported in other places

(Kuroda, 1955, 1956) and a diary of the cruise

has been prepared (in MS).

METHOD

All of the sea birds observed were recorded,

together with pertinent data upon the time, air

and water temperatures (these were regularly

measured every hour by the crew ) ,
and the loca-

tion in longitude and latitude. When flocks of

birds were seen, their number was estimated.

The author was the observer for an average of

seven hours a day, with two or three rest periods.

The records were arranged in a table under each

observation time. The numbers of individuals

observed per day and per hour were calculated

(Table 1). Specimens of almost all of the species

recorded were obtained (Kuroda, 1955).

GENERAL REMARKS

Although it was the breeding season, observa-

tions were concerned chiefly with nonbreeding

populations of sea birds, since the ship took a

pelagic course.

The density of sea birds can be given by

linear and dimensional estimates. The linear esti-

mate may be either per unit of time or per unit

distance of travel. In this paper, the number of

birds observed per hour, at a ship’s speed of

seven miles per hour, was used for various

analyses. For the absolute population density of

^^Yamashina Museum of Birds, 49 Nanpeidai-

machi, Shibuya, Tokyo, Japan. Manuscript received

March 5, 1958.

sea birds, the following formula, which was de-

veloped in research upon the fur seal (Austin

& Wilke, 1950: 35; also in 1954) might be

applied:

Number of

birds per

square mile

Total number of birds

observed

Distance passed dur-

ing observation ( in

miles) X 0.114

The fur seal frequently rests on the water, ex-

posing only small parts of its head and flippers.

The figure 0.114 mile is the distance to each

side of the ship at which the seal can be visually

detected when in this position. To collect ade-

quate data for a certain sea area, several ships

should work, as in the fur seal census, or a

single ship should take a zigzag or irregular

course to cover a greater part of the sea area by

that "sight range belt.” In our research, the latter

type of course was taken in the northern sea

and dimensional bird density was calculated

tentatively, applying the above formula for sub-

divisions of this sea zone (Table 2). But the

significance of the sight range of 0.114 mile in

the study of birds needs future study, and, in

actuality, all of the identifiable species of birds

were recorded, irrespective of distance. It has

been our experience, however, in many cruises

off Japan, that floating sea birds were often

identified at about the same range as the fur

seals were detected, although a closer range was

necessary to identify such similar species as

Synthliboramphus antiquus and S. wumiztisume,

because binoculars are not usable, owing to

vibration on a small research ship. On the other

hand, flying birds, especially when in flocks, can

be seen and identified at much greater distances,

but some closely similar species, such as Puffinus

tenuirostris and P. griseus, must often be iden-

tified at a closer range. Moreover, weather, direc-

tion of sunlight, and wave conditions influence

very much the visibility and the success of the

observer’s identifications.
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FIG. la. Maps showing the oceanographic conditions, sea divisions, and distribution of the birds observed

and collected. Bird abundance is based on daily counts of individuals.
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Fig. lb. Maps showing the distribution of the birds observed and collected.

For comparative study of sea bird distribu-

tion, specific relative abundance within a sea

zone and zonal relative abundance inclusive of

all species occurring in the zone, will be con-

sidered. The distribution of sea birds is subject

to three general sources of variation: zoo-

geographic (endemism), ecological (food and

temperature dependent), and seasonal (physio-

logical cycle and migration). These factors in-

fluence the occurrence of various species and the

relative abundance of birds in different sea

zones.

Each species has its range of physiological

tolerance to temperature, both in air and in

water, although this is less strict in some species

and varies seasonally to some extent. Further-

more, a few individuals may stray out of this

range, and long-distance migrants of cold cur-

rents cross the tropical seas. Within a preferred

temperature sea zone, the food supply and inter-

specific relation in some cases determine the

local relative abundance of sea birds and form

a basis for subdividing the sea zone.

The specific relative abundance of sea birds

within a sea zone was estimated by the "specific

lowest density” per hour (of Elton, 1953: 51),
which is:

2 Number of birds observed per hour

Total number of observation days

In this calculation of lowest density are in-

cluded the days on which the species has not

been recorded. Therefore, it is lower than the
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TABLE 1

An Example of the Daily Records and Notes from the Author’s Observation Diary

OBSERVATION TIME 6:00-7 :30 a.m. 11:00-15:00 16:00-18:00
Total time:

7:30 hours Number

AIR TEMPERATURE ( °C.

)

7-9 9-11 7.5-6
Distance

:

observed

per hour

WATER TEMPERATURE (°C) 4.2-4.

3

4 4
52 miles (7 miles)

Fulmarus glacialis 3 51 10

TOTAL

64 8.76

Oceanodroma furcata 3 3

(white 1)

7

(white 1)

13 1.78

O. leucorhoa — — 1 1 0.13

Puffinus tenuirostris — 40 11 51 6.98

Lunda cirrhata 3 1 — 4 0.54

Total 9 95 29 133 18.19

Fur Seal 1 — — 1 —
Phocaenoides dallii — about 5 — 5 —

Date: June 15. Cloudy, occasional fine rain. Air pressure: 1008 mb.

Wind: E-ESE (1-0), dead calm. 270-200 miles WSW of Attu Is.

Note: Passed 50° N. latitude, heading toward Attu. Fulmar increased (white one seen at 167° 28' E.,

50° 52' N.) and a flock of P. tenuirostris occurred, flying to E-NE, obliquely against winds. Water tempera-
ture changed from previous 3° C. to 4° C, with demarcating line NE-SW.

"economic density” of Elton, which is the density

of a species when it occurs, calculated by this

formula:

5 Number of birds observed per hour

Number of days the species was observed

Then, the species’ abundance (general or

localized distribution) is suggested by the "oc-

currence rate,” which is:

Number of days the species was observed

Total number of observation days

Therefore, from these formulae, the following

relation exists between the lowest and economic

densities:

lowest density ~ economic density X
occurrence rate

The areal relative abundance of sea birds was

compared by the areal "lowest density” per hour,

which is:

2 Number of birds of all the species

observed per hour

Number of observation days

and the "abundance rate of species” was cal-

culated by:

Mean number of species which

was observed per day

Total number of species observed

The distributional pattern of species depends

upon their habits. If systematic areal census

of the sea birds could be made, they would

show interesting distributional patterns (Odum,

1954: 154; Torii, 1952) by species and by sea

zones. Flocking species, such as shearwaters,

concentrate in a clustered pattern where food is

abundant; the phalaropes, which feed on plank-

ton, show a patchy pattern of small groups;

while the tufted puffins usually occur at random

singly or in pairs. Possibly in the case of the

puffins, a sparse food supply is enough to sus-

tain their solitary life on the ocean.
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TABLE 2

Population Densities of Sea Birds in the Subdivisions of the "Northern Sea Divisions’’

SEA AREAS

NUMBER
OF BIRDS

OBSERVED
PER DAY

NUMBER
OF

SPECIES

OBSERVED

NUMBER
OF BIRDS

PER HOUR
(AT 7 MILES)

NUMBER
OF BIRDS

PER SQUARE
MILE

W. Bering Sea 38 8 7 7.42

Attu-Commander Is... 307 10 40 49.11

In Transit 112 8 17 21.19

Offshore S. Kamchatka............. 280 9 50 59.81

Data on 10 chief species of birds recorded in

the Northern Sea Division are analyzed in

Table 3 and Figure 2. The mean economic

density roughly represents the general specific

density, but by inclusion of some concentrated

and irregular densities, the species’ most fre-

quent density, the mode, is obscured (Table

3). In the Tubinares ( Fulmarus glacialis, Puf-

finus tenuirostris, and Oceanodroma furcata) the

range of observed densities is very wide, be-

cause they usually occurred sparsely during the

day and often formed a large feeding flock,

especially in the early morning. ( 0 . leucorhoa

was an exception, but its chief concentration was

outside of this sea division. ) These two patterns

of distribution were well marked, as shown in

Figure 2A; the most frequent densities of usual

sparse distribution (the mode) were 1-3 birds

per hour, while the concentrated densities (the

"highest density’’ of Elton) were as high as

30-70 birds per hour. In other sea birds, such

as alcids and gulls, such a "highest density” con-

centration was not found. But their numbers

increased (Fig. 2B; June 23, July 2-5, etc.)

when they were found among a mixed commu-
nity, with porpoises and perhaps some fishes

under the water feeding upon euphausids. The
dominant birds were Fulmarus glacialis and/or

P. tenuirostris. One such fulmar-dominated con-

centration was found close to a mother ship

(6,000 tons) of the Japanese salmon fishery, on

July 4-5.

Puffinus tenuirostris birds are migrants from

the southern hemisphere and Fulmarus was

represented perhaps chiefly by a nonbreeding

population. Some breeding adults (a bird with

large ova was collected), as well as some molt-

ing young of Lunda cirrhata, were found as far

as 200 miles offshore, and they were distributed

rather uniformly, with a density of 1-3 birds

per hour. But a species of Uria seemed to be

less pelagic in distribution and only a sparse

peripheral population was encountered, since the

usual densities were 0. 1-0.2 birds per hour. Rissa

spp. are gregarious pelagic gulls, but apparently

only some nonbreeding birds were found, inas-

much as their distributional pattern was sparse

and irregular.

DIVISIONS OF SEA ZONES

The cruise track of the "Geizan,” No. 8, and

the sea divisions traversed, are shown in Figure

1. Oceanographic conditions (Kuroda, 1955)

and sea bird distribution in each division and

subdivision are briefly given below (see also

Figs. 1, 3, and Table 4).

A. Cold Current Sea Surface

From the northern seas the cold current

stretches along the Kuriles (at least to 100 miles

offshore) south to Hokkaido. The dominant

species of sea bird was Fulmarus glacialis. Other

generally distributed species were: Puffinus

tenuirostris (rare along the Kuriles), Lunda

cirrhata, Oceanodroma furcata (rare off the cen-

tral Kuriles and southward), and O. leucorhoa

(rare in the northern seas).

1. Northern sea division

North of about 50° N. latitude. The air and

water temperatures were most often 5°-6° C.

and 8°-10° C. respectively. At night water

temperatures often fell to 5° C. Zoogeo-

graphic species characteristically not found

southward were: Rissa hrevirostris (see its
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distribution with that of R, tridactyla, in

map), Lams glaucescens

,

and Aethia psittac-

uius. Among migrants, northern breeding

species such as Nordmann’s Tern, skuas, etc.,

were found mainly in this division in late

June, and Pterodroma inexpectata represented

a southern hemisphere migrant. Further sub-

divisions with different sea bird densities

were as follows:

a. Bering Sea waters: Bird density was very

low but Rissa brevirostris was relatively

common. Birds of this species contained

a large amount of body fat, but one col-

lected specimen of two Rissa tridactyla

encountered was entirely devoid of fat.

Possibly both were stragglers.

b. Attu-Commander Is. waters: Towards the

Commander Is., the fulmars increased,

showing clustered distribution around dis-

carded viscera of whales. Apparently food

supply was abundant near the islands and

bird density was high. A big mixed flock

of Fulmarus glacialis and Puffinus tenui-

rostris (and of other sea birds and the

porpoise, Phocaenoides dallii) was de-

vouring euphausids at dawn, June 23, west

of Attu, where meeting lines of cur-

rents occurred and some southerly summer
winds were blowing. East of Agattu, where

there was a strong local water current,

alcids such as Aethia psittaculus and A.

pusilla were abundant. Rissa tridactyla

was not uncommon but no R. brevirostris

was seen.

c. Transitory waters: A generally pelagic

zone with medium bird density. Main
species were: Fulmarus glacialis, P. tenui-

rostris
,
0

. furcata, and O. leucorhoa, as

well as occasional Pterodroma inexpectata .

d. S. Kamchatkan offshore waters: Bird dens-

ity, especially of Fulmarus and P. tenui

-

rostris, was again high and a marked con-

centration of O. furcata was found. Lunda

and Uria (mostly U. aalge ) as well as

skuas ( Stercorarius pomarinus and S.

longicaudus) became common, while R.

brevirostris (total seen 113) outnum-

bered R. tridactyla (total seen 36), June

25-July 5.

2. Offshore Kuriles division

A stretch of sea surface influenced by cold

winds and waters of the Okhotsk Sea. The
bird density was sparse, the dominant species

being Fulmarus as usual O. leucorhoa out-

numbered O. furcata, which decreased towards

the south. Lunda was found scattered and

R. tridactyla occurred, but R. brevirostris was
not observed. Aethia cristatella was found

extremely localized off Shinshiru Is.

B. Offshore Kuriles Convergence

(180-200 miles offshore)

Outside the Kuriles cold current a zone of

convergence was found between the cold current

and the periphery of the warm current, and some

demarcating lines were noted. A change in rela-

tive abundance was noted, O. leucorhoa becom-

ing the dominant species, and O. furcata and

Fulmarus as well as Lunda decreased. Diomedea
immutabilis seemed to be most suited to this

intermediate temperature zone, while warmer
adapted species, such as D. nigripes, and Ptero-

droma solandri (first recorded in this zone)

began to appear.

C. Offshore Warm Current Sea Surface

At a point just north of 41° N., 240 miles

E.S.E. of Kushiro, Hokkaido, the periphery of

the warm current was reached; there the sky

cleared up and the sea was very blue and calm

with gentle southern breezes (air 22° C. and

water 15° C). Such fish as the swordfish,

sharks, and sunfish, which characterize the warm
current, occurred there, and Phocaenoides dallii

was replaced by Lagenorhynchus obliquidens,

while the sperm whale was observed in family

groups. A radical change in bird species was

noted. No species occurred in large flocks, which,

perhaps, was evidence of the scarcity of plank-

ton, the basic food supply. In this zone D. im-

mutabilis was replaced by D. nigripes and O.

leucorhoa by O. castro. Such southern hemis-

FlG. 2. Distributional patterns of sample species in the Northern Sea division.
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Fig. 3. Relative abundance (number of individuals per hour) of all of the species of sea birds recorded

in each sea division. Species numbers indicate: 1. Fulmarus glacialis, 2. Puffinus tenuirostris, 3. Oceanodroma

furcata, 4. Lunda cirrhata, 5. Rissa brevirostris, 6. Oceanodroma leucorhoa, 7. Rissa tridactyla, 8. Aethia pusilla,

9. Aethia psittaculus, 10. JJria sp., 11. Stercorarius longicaudus, 12. Pterodroma inexpectata, 13. Stercorarius

pomarinus, 14. Larus glaucescens, 15. Sterna hirundo longipennis, 16. Synthliboramphus antiquus, 17. Diome-
dea immutabilis, 18. Fratercula corniculata, 19. Diomedea nigripes, 20. Phalaropus fulicarius, 21. Aethia cris-

tatella, 22. Brachyramphus marmoratus, 23. Pterodroma solandri, 24. Oceanodroma castro, 25. Puffinus griseus,

26. Synthliboramphus wumizusunie, 27. Puffinus bulleri, 28. Catharacta skua, 29. Puffinus carneipes, 30. Calo-

nectris leucomelas, 31. Larus crassirostris, 32. Lobipes lobatus, 33. Cerorhinca monocerata, 34. Oceanodroma
tristrami, 35. Larus schistisagus, 36. Larus canus.
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TABLE 3

Analysis of Population Densities and Patterns of Chief Species of Sea Birds in the
"Northern Sea Divisions,” 12 June-5 July 1954

NUMBER OF INDI-
OC-

CUR-

LOW-
EST

ECONOMIC DENSITY VIDUALS PER HOUR

SPECIES OF BIRDS

Variation Mean

S.D.

(6) Modef Mean
RENCE
RATEt

DEN-
SITY

Fulmarus glacialis

0.3-12.2

*32.9-76.2(5) 12.86 19.0 1.4-3.

2

2.43 1.00 12.86

Puffinus tenuirostris

0.3-17.8

*46.6-60.8(3) 13.69 18.0 1.2-3.

7

2.19 0.91 12.45

Oceanodroma furcata

0.1- 4.6

*40.0 3.07 8.0 1. 1-2.3 1.58 1.00 3.07

0. leucorhoa 0.1- 4.0 0.73 0.9 0. 1-0.4 0.28 0.56 0.41

Lunda cirrhata 0.1- 3.7 1.46 1.0 1. 1-3.7 2.18 0.91 1.33

Uria spp 0.1- 2.1 0.55 0.6 0. 1-0.2 0.20 0.56 0.31

Aethia psittaculus 001r-Ho 1.00 1.5 0. 1-0.6 0.43 0.34 0.34

Rissa brevirostris 0.1- 6.5 1.92 1.9 0.2-2.7 1.90 0.47 0.90

R. tridactyla 0.1- 2.0 0.73 0.6 0. 1-0.2 0.13 0.52 0.38

Stercorarius longicaudus 0.1- 1.8 0.39 0.4 0. 1-0.3 0.16 0.52 0.20

* Indicates concentrated or "highest’’ density: 5 cases in Fulmarus, 3 in P. tenuirostris, and 1 in O. jurcata. These are

included in the means.

t The mode indicates most frequent densities, exclusive of unusual or "highest’’ densities.

$ Occurrence rate is the ratio between the number of days the species occurred and the total of 23 observation days. The
lowest density is the mean economic density X the occurrence rate.

phere migrants as Pterodroma solandri and

Puffinus hulleri (first recorded )\weii
e common,

and a few Puffinus carneipes and Catharacta

skua occurred, while Synthliboramphus wumizu-

sume reached there from its Japanese breeding

waters.

D. Japanese Waters C

1. Warm waters off Honshu

The oceanic conditions are similar to area

C above, but the water temperature was lower

(12°-13° C.), and cold and warm currents

were distinguished at about the latitude of

Cape Erimo, Hokkaido. D. nigripes became

common south of that latitude and P. car-

neipes, O. castro, and Catharacta skua oc-

curred, while a few Fulmarus and a single

straggler of O. jurcata were seen south to

143° 42' E, 41° 23' N. Two Fulmarus were

sighted as far south as Iwate, Honshu. The
coastal waters of Sanriku (N. Honshu), where

currents meet and which are rich in food sup-

ply, were the main summering grounds of

Puffinus griseus. Nearer to the coast, some

2,000 Calonectris leucomelas were observed

off Yamada Bay, apparently over a shoal of

sardine; P. griseus, with a weaker bill, prefers

to feed upon euphausids. These two species

were responsible for the very high population

density of this coastal zone.

2. Cold waters off Kushiro, Hokkaido

In this southern limit subdivision of the

cold northern waters, Fulmarus and P. tenui-

rostris were again numerous and Lams schis-

tisagus and Brachyramphus marmoratus oc-

curred in coastal waters.

CORRELATION WITH FOOD SUPPLY

The abundance of plankton, a basic food sup-

ply of sea birds, is correlated with local up-

wellings of the sea which are caused by sea bot-

tom conditions (especially near islands), and

currents as well as winds. A special study of
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DATE SEA AREA PLANKTON
POLLACK
ANGLED

NO. OF BIRDS

OBSERVED

June 17 Near Agattu Very scarce

( collected

)

15 61

June 18 Agattu-Kiska

Strait

— 49 285

June 22 60 m. E. of

Commander Is.

Abundant

( collected

)

Scores 190

June 23 W. of Attu Is. Abundant

( euphausids

)

— 659

(A big flock)

June 26 200 m. S. of

Commander Is.

Scarce

( collected

)

— 77

plankton was not made, although in some col-

lections made for the Fisheries Bureau, Sagitta

species were very abundant locally, but the fol-

lowing may show some relationship with bird

density.

Pollack were caught for a short time after sun-

set by 4-5 crew members, and it is indicated in

the data above that a correlation exists among
abundance of plankton, pollack, and sea birds.

In the tropical Pacific, Thompson ( 1951 ) found

a parallel increase of jellyfish and the black-

footed albatross toward cooler waters, and from

his observation he derived a "Jellyfish Index.”

In the above case, the "Pollack Index,” the num-

ber angled per unit of time by the same persons,

might serve as an index of productivity in

northern seas.

TEMPERATURE PREFERENCE IN

SOME SEA BIRDS

As mentioned above, the sea birds are either

cold or warm adapted, therefore temperature

dependent in distribution. This is best shown by

the Tubinares, as briefly described below (see

Fig. 4).

THE albatrosses: Of the two species, Dio-

medea immutabilis is less warm adapted. It was

commonest in the convergent sea surface, and

D. nigripes distinctly preferred the warm cur-

rent zone. But even the latter species is not a

tropical bird. Thompson (1951) reports an in-

crease in number as the water temperature de-

creased from 27.7° C. to 14.4° C. in the eastern

Pacific. During its winter breeding season, the

air and water temperatures around the sub-

tropical islands, Torishima or Bonin Is., are both

below 20° C. The temperatures markedly in-

crease during the summer when D. nigripes

moves north to cooler waters. This cool adapta-

tion cpuld explain their winter reproductive

cycle, which is unusual for the northern hemis-

phere (Kuroda, MS). From my observation,

the temperature preference of the two species

is suggested below.

D. immutabilis D. nigripes

Air Temperature (°C.)

Range 6.2-22.5 7.0-22.5

Preferred 13-15 17-22.5

Water Temperature (°C.)

Range 5-15.5 5-16

Preferred 7-8 10-16

THE storm PETRELS: Both Oceanodroma fur-

cata and 0 . leucorhoa are cold adapted species,

although the latter shows wider temperature

adaptation as it migrates in winter to tropical

waters. Zoogeographically their main distribu-

tion ranges were segregated north and south,

although they overlapped. A distinct concentra-

tion of O
.
furcata was found in the north in

waters east of south Kamchatka (air tempera-

ture, 7-8° G; water temperature, 5.6-73° G),

while concentrations of O. leucorhoa occurred

in the Offshore Kuriles Convergence (air 13-

15° C., water 6.6-8° C), where furcata de-

creased. But just north of this concentration,

O. leucorhoa also showed a clustered distribu-

tion, both on June 11 and July 6, within the

cold Kuriles current (air 3.5-4 and 9.2-11° C.,

water 2.3-3 and 5° C.). In this case, too, the
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Fig. 4. Specific relative abundance of the Tubinares in different temperature zones.
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TABLE 4

Population Densities of Sea Birds in the Sea Divisions Investigated

COLD CURRENT

OFF-

SHORE
SOUTH
KURILES

CONVER-
GENCE

WARM
CUR-

RENT
PE-

RIPH-

ERY

JAPANESE WATERS TOTAL
OR

AVER-

AGE

North-

ern

Sea

Off the

Kuriles

Off

Honshu
( warm

)

Off

Kushiro

( cold

)

Number of days of navigation 23 7 2 1 2.5 2.5 37

Total number of birds observed 4136 761 309 160 2699 983 9048

Number of birds observed per day 31-604 39-281

( average ) 179.8 108.7 154.5 160.0 1075.6 392.2 345.1

Number of birds observed per hour 3-118 5-46
( average ) 32.12 17.55 28.82 21.42 323.66 71.66 82.54

20 15 11 13 15 13 37

Number of species observed Av. 10.5 Av. 5.8 Av. 7.5 — Av. 7.5 Av. 6.6 Av. 8.5

decrease of O. furcata was recorded, but whether

leucorhoa dominates furcata is not certain. It is

to be added that on June 11, all of the birds

(O . leucorhoa) were steadily moving eastward,

which suggested a migration out of the most

suitable temperature zone in accordance with

some oceanic conditions. Thus, the range of

temperatures recorded for leucorhoa was much
greater than for furcata, while O. castro was

distinctly a warm current species.

O. furcata O. leucorhoa 0. castro

Air 5-11.5 3.5-22 16.5-22.5

tempera- Rarely 12-14 Mostly 7-15

ture, °C. A straggler at Especially

21 13-15

Water 3-8

tempera- Once 11 2.3-16 10.8-16

ture, °C. A straggler at Especially Rare at 8

15.5 6-8

THE SHEARWATERS AND FULMARS: Puffinus

tenuirostris and P. griseus showed distinct segre-

gation to cold and warm currents respectively.

The former was one of the commonest species

in the northern seas, though it was rare off the

Kuriles, but it was again found mixed with

numerous griseus in warmer Japanese waters.

The latter species was never found in the cold

waters except for a few off Kushiro east of the

convergence, but it was not seen on the off-

shore true warm current surface. Other migrant

southern hemisphere species, and the fulmars

and the Japanese streaked shearwater (Calonec-

tris leucomelas)
,
preferred the following tem-

peratures.

AIR WATER
TEMPERATURE TEMPERATURE

°C. °C.

Puffinus 6-11.5 3.5-7

tenuirostris A few 17-20 A few 14.8-15

P. griseus 17-20 11.2-12.5

A few 7 A few 8.2

P. carneipes 16.5-20.7 10.8-16

P. bulleri 18.5-22.5 14.5-16

Calonectris

leucomelas

19-20 12-12.5

Pterodroma 12-22.5 7.5-16

solandri Once 7 Once 6.2

Pt. inexpectata 6.2-9 5-6.2

Pulmarus 6-11.5 3.5-7

glacialis A few 17-20 A few 14.8-15

Synthliboramphus wumizusume was distinctly

restricted to the warm currents, unlike all of its

relatives, which are cold current birds. Cath-

aracta skua, from the cool waters of the southern

hemisphere, also was restricted to the warm
current surface in this sea zone, while the arctic

breeding skuas were found in cold currents, ex-

cept for three individuals which were migrating

across the warm current waters.
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SUMMARY

1. During a research cruise from Japan to the

west Bering Sea, June to July, 1954, a sea bird

census was made.

2. As an indication of population density, the

number of birds observed per hour was used.

The speed of the ship averaged 7 miles per

hour, and the number of birds per square mile

was calculated for sample sea divisions.

3. Attempts were made to show a correlation

of bird density with food supply.

4. Distribution of sea birds is subject to zoo-

geographic factors ( endemism ) and to eco-

logical factors (food and temperature), as well

as to seasonal physiological cycles and move-

ments. Sea zones were divided according to air

and water temperatures and to relative abun-

dance of sea birds.

5. The distribution pattern was different for

different species of sea bird. Flocking species,

although generally distributed, showed a clus-

tered pattern, concentrating where food was

abundant, while solitary species were distributed

at random, since sparse amounts of food suffice

for them.
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A Survey for Alkaloids in Hawaiian Plants. II

Carl E. Swanholm, 1 Harold St. John,2 and Paul J. Scheuer
1

With Part I
3 of this series a systematic survey

for alkaloids in Hawaiian plants was initiated.

This paper reports tests on 29 additional species

as well as tests on different plant parts from 18

of the species covered by Part I.

All of the specimens tested were collected

from living plants on the island of Oahu except

for one, Curcuma xanthorrhiza.
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METHODS

The testing methods devised for this survey

have already been described (Swanholm et al.,

1959). The only modification in the testing

procedure involves the extraction technique.

EXTRACTION OF PLANT MATERIAL. About 2-5

grams of the plant material was pulped in a

Waring blender with 100 ml. water for 5-10

minutes. The plant slurry was transferred to an

Erlenmeyer flask and 5 ml. of concentrated hy-

drochloric acid were added. The slurry was

digested on a hot plate at about 80° C. for 6-12

hours. The cooled slurry was filtered through fine

paper and 0.2 ml. of the filtrate was used in each

test.

The information obtained by digesting with

Prollius’ fluid appeared insufficient to warrant

its continued use.

KEY TO ABBREVIATIONS IN TABLE 1

The results of the spot tests are given in the following order and abbreviated form:

BINOMIAL The accepted botanical name. The authority is omitted to conserve space.

An asterisk (*) indicates introduced species.

LOCAL NAME The Hawaiian or vernacular name, if known.

LOCALITY The nearest town or other prominent map feature.

DATE COLLECTED Date of actual collection in the field.

DATE TESTED Date of actual application of spot tests.

PLANT PART(s) B—bark, Br—branchlet, F—fruit, FI—flower, H—herb or whole plant,

L—leaf, R—root or underground part, RB—root bark, S—seed, St—-stem,

W—wood, I—immature, M—-mature.

ALKALOID REAGENTS M—Mayer’s, P—Picric Acid (Hager’s), I—Iodine (Wagner’s), D—Drag-

endorff’s, S—Sonnenschein’s, T—Silicotungstic Acid.

PRECIPITATES The precipitates from the hydrochloric acid extract are classified on a tr

(trace), + (light), + + (heavy) basis. A— indicates no precipitation and

a ? indicates that the test was meaningless.

68
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RESULTS AND DISCUSSION

Table 1 lists the results of the alkaloid tests

which were carried out on 29 plant species, rep-

resenting 26 genera and 23 families. The 5

species which gave positive tests ( + or + +

)

with all six reagents are listed in Table 2.

Table 3, which supplements Part I of this

series, lists the results of the alkaloid tests which

were carried out on 18 plant species, represent-

ing 16 genera and 13 families.

Results from Part I are included with the

present results in the following analysis.

To date, 125 plant species, representing 94

genera and 57 families, have been tested for

alkaloids. This constitutes approximately 10 per

cent of the native Hawaiian flora.

It is worth noting that the endemic genus

Straussia has given quite variable results even

among specimens of the same species. This

variability would suggest that a botanical revi-

sion of this genus is in order.

TABLE 2

Species Giving Positive (+ or ++) Tests
for Alkaloids

BINOMIAL FAMILY
PLANT PART ( S)

TESTED

Cyanea sp. Lobeliaceae Leaves, Root, Stem

Fagara

semiarticulata

Rutaceae Leaves, Flowers,

Root, Stem

Gardenia Mannii Rubiaceae Branchlet, Leaves,

Stem

Platydesma

campanulata

Rutaceae Leaves, Root, Stem

Pteralyxia

macrocarpa

Apocynaceae Leaves
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Lord Howe Island, a Riddle of the Pacific. Part II

S. J. Paramonov
1

In THE FIRST part of this work (Paramonov,

1958), the general features of this island were

dealt with. Now a summary of our knowledge

about the fauna of the island is given. We will

discuss the different groups separately.

MAN

Up to the present date no trace of aboriginal

man has been found on the island, which indi-

cates that the isolation of the island was very

strong, and that it was not part of a sunken con-

tinent once inhabited by man. Probably even the

canoes of Polynesian people never visited this

island, because once being visited it would have

been populated, as excellent conditions exist

there for maintaining human life.

MAMMALIA

There are practically no mammals in the

natural fauna of the island. Only some bats

are reported: the little brown bat (Vespadelus

pumilus Gray), and Scotophilus mono Gray

= ( Chalinolobus tuberculatus Forst.) . Doubtless

more species of migrating bats occur on the

island but they have not yet been recorded, or

have been recorded (for example, the flying

fox) without support of preserved specimens.

In any case, there are no endemic species of bats

on the island, and there is no ground for ex-

pecting them. Generally these animals are rare

on the island. Etheridge (1889) wrote: "We
anticipated meeting with bats in the coral-rock

caves at North Bay, one of the most favourable

habitats for them on the whole island, but not

the slightest trace was found.” This statement is

good evidence of the rarity of the bats.

The introduced mammal fauna consists now
of rats, mice, goats, and pigs. The first two are

practically domesticated, the latter two live in

the wild state in the two high parts of the island,

1
Division of Entomology, Commonwealth Scien-

tific and Industrial Research Organization, Canberra,

A.C.T., Australia. Manuscript received June 23, 1958.

separated by the intermediate low land occu-

pied by man.

The absence of mammals indicates that the

island was not part of a continent, otherwise the

Australian marsupials would be represented in

the island fauna.

AVES

The Extinct Birds

1. The white swamp hen, Notornis or Por-

phyrio albus Gray, the most famous of the ex-

tinct Lord Howe Island birds:

E. S. Hill, in 1870, wrote: "With the excep-

tion of the skin in the Imperial collection at

Vienna, there appears to be only one other in

existence, which is said by Prof. A. Newton to

be in the Derby Museum at Liverpool.” Several

original drawings are in existence, all made soon

after the discovery of the island. From these

paintings we learn that the species when young

was entirely black, becoming bluish grey and

finally entirely white with maturity. Some of the

adult birds were tinged with blue, especially on

the wings. Probably sexual difference was re-

sponsible for the different appearance of the

birds. The feathers of the neck and breast pos-

sessed a yellowish tinge, those of the remainder

of the body had a delicate indication of blue.

The legs were yellow, the bill, forehead, and the

iris of the eyes red.

This bird appears to have been first men-

tioned by Callam in 1783, and afterwards in

"Phillip’s Voyage to Botany Bay,” ( 1789: 160),

and again under the name of Gallinula alba, by

White in his "Voyage to New South Wales”

(1790: 238). Further mention of this bird will

be found in von Pelzeln’s paper, in "Ibis” (1871:

44), where its relationship to the genus Notornis

was first pointed out; also a good figure of it

will be found in "Ibis,” 1873, pi. 10.

The genus Notornis is present in New Zea-

land, but is quite absent from Australia. This

fact, however, does not speak in favour of a

75
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New Zealand origin of the species from Lord

Howe Island, because on the mainland this fear-

less bird, which is also a poor flier, can be very

easily destroyed. Only a few decades of the

presence of man on the island was enough to

cause the complete extinction of this bird. On
the mainland it would have been practically

helpless, therefore we cannot reject the idea that

this genus was not also represented in the past

on the mainland.

The presence on the island of a bird which is

a poor flier suggests a continental origin of the

species.

2. The Lord Howe Island pigeon, Janthoenas

godmanae ( Mathews )

:

This bird was larger than a domestic pigeon,

its head and breast were of a purple-mauve tint,

its throat was white, and the mantle or back of

the neck was green, the rest of the body being

brown. The Lord Howe Island pigeon was once

so numerous and tame that, with the aid of a

stick and string, the islanders could snare 20

birds from a flock without the others taking

alarm. Surgeon Bowes and others, in 1788,

merely knocked them over with sticks. Today
there is not a skin in any museum in the world,

and only two paintings are known, one dated

1790 and signed by George Raper, and the other,

unsigned, in the Alexander Turnbull Library,

Wellington, New Zealand. Several related spe-

cies occur in New Caledonia, New Guinea,

Timor, and other places. The species appears to

have been exterminated about 1850.

3. The Lord Howe Island parrakeet, Cyanor-

hamphus novaezeelandiae subflavescens (Salva-

dori )

:

In size it was somewhat smaller than a Rosella

parrot, and was mostly bright green in colour,

with patches of red on the forehead, sides of

neck, and rump, and blue on the wings. A single

pair was seen flying through the forest in 1869

(Hill: 1870). The species existed until about

1870, by which time it had been exterminated

because of the damage it did to the crops of the

settlers.

Birds very closely related to the Lord Howe
Island parrakeet still exist on Norfolk Island,

New Caledonia, New Zealand, and some asso-

ciated islands.

PACIFIC SCIENCE, Vol. XIV, January I960

The Present Land Birds

Very rare, curious, and stupid is the so-called

wood hen, Ocydromus ( Nesolimnas ) sylvestris

Sclat. Its plumage is of a brown colour tinged

with green, which harmonises well with the

dark-brown earth and the green foliage of the

palm scrub in which it wanders about, turning

over leaves and pebbles with its long grey bill,

in search of food. The wood hen’s wings are so

small that it cannot fly but its strong legs have

enabled it to ascend, for example, even the

steep faces of Mount Lidgbird.

The bird deserves full protection because its

curiosity is very strong, and to attract it and

catch it one only needs to pick up pebbles and

to tap them upon a tree trunk or a rock. Mc-
Culloch, 1921, writes: ".

. . we saw the birds

hastening towards us. Espying us within thirty

yards or so, they advanced more cautiously, but,

if we remained still, approached sufficiently close

to be snared with a palm-leaf noose. I tethered

one by the leg to a stone in order to take its

photograph, and its efforts to escape attracted

the attention of another which endeavoured to

assist the captive by grasping its neck with its

own long bill and pulling with all its strength.”

These birds are now to be found only on the

upper parts of the two mountains and in such

inaccessible places as the Big and Little Slopes

beneath the southern cliffs of Mount Gower.

The only protection for this bird is its isolated

habitat.

It is now the most remarkable animal of the

island, and the duty of the islanders is to protect

it by all means. First of all it is necessary to pro-

claim its absolute protection, only photography

being permitted to visitors, and to impose a

heavy penalty for breach of the proclamation.

The ouzel or doctor bird, TUrdus xanthropus

vinitinctus Gould, is another rarity. The gen-

eral colour of this bird, which is thick set and

some 9 inches in length, is a dark reddish brown.

The vinous-tinted ouzel belongs to a large group

of birds which includes the missel thrush, song

thrush, and blackbird of England (the last one

is introduced in Australia and New Zealand).

Its nearest relative is a form living in New
Caledonia. The genus is represented by species

on most of the islands of the western Pacific, but
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is absent from Australia. Hindwood (1938) re-

garded it as an extinct bird.

The Lord Howe Island starling, Aplonis fus-

cus hullianus Gould, is similar in size to the

ouzel. It is blackish brown in colour, glossed

with bottle green, the underparts being olive

grey. Its nearest relative is a subspecies existing

on Norfolk Island. It belongs to the genus with

a wide distribution throughout the islands of

the western Pacific. Hindwood ( 1938) regarded

it as an extinct species.

Concerning the robust silver-eye, Nesozos-

terops strenua Gould, Hindwood (1938) wrote:

"Until recently there existed on the island a big

silver-eye, about half as large again as the grey-

backed species at present living on Lord Howe
Island. Birds similar to the now extinct robust

silver-eye occur on Norfolk Island (2 species)

and in the Solomons ( 1 species )
.” The author

considers that the extinction of robust silver-eye

needs to be confirmed.

The Lord Howe Island flyeater, Gerygone in-

sularis Ramsay, is also called the "rain-bird”

because it was active after rain, or the "pop-

goes-the-weasel” on account of the supposed re-

semblance of its song to that air. It is the smallest

of the birds on the island, and belongs to a

group with a wide distribution in Australia,

New Guinea, the Pacific islands, and New Zea-

land. Hindwood (1938) regarded this species

as extinct.

The author is not quite sure that the data of

Hindwood are correct. In 1955 and 1956, when
the author visited the island, he saw Gerygone

insularis as a rather common bird, although this

species was regarded by Hindwood as extinct.

It seems that some species were rare in 1938,

but were not entirely exterminated. In 1955-56

the author found very good conditions for life

of the birds: there were no wild cats, no wild

dogs, very few rats; if from time to time some

specimens of these animals destroy birds, the

number of victims is probably very small. Again,

man is not now interested in destroying birds.

The evidence is that on the first day of arrival

the author’s assistant caught a ground pigeon

by hand (after examination it was liberated);

the author himself made attempts to catch this

bird with an entomological net in the courtyard

of the Guest House. If this bird is so fearless,

lying on its side on the ground, it is quite evi-

dent that conditions on the island are now such

as to account for this.

Of the Lord Howe Island fantail, Rhipidura

flabellifera cervina Ramsay, Hindwood (1938)
wrote: "This bird was an insular form of the

well-known grey fantail of Eastern Australia. It

was exceedingly tame and would often enter

dwellings and capture flies.”

Introduced Birds

According to Hindwood (1938), "the grey-

breasted silver-eye, Zosterops lateralis (Latham),

was in danger of being exterminated, but a

number of birds of the Australian race, and the

Norfolk Island form as well, were introduced in

1924 and 1925, with the result that it appears

to be increasing.”

The author saw some silver-eyes during his

visit to the island in 1955. The future naturalist

must consider the fact that some birds were in-

troduced. According to Hindwood, "certain in-

troduced birds such as the Californian quail and

the land rail have also been exterminated by the

rats.”

Another passage of Hindwood is interesting:

"In an effort to check the increase of the rats

almost one hundred owls of several kinds were
sent to the island between 1922 and 1930.”

However, only Ninox boobooc Latham, which
existed before the invasion of the rats, is now
living on the island.

The number of rats destroyed is very in-

teresting: in the year 1927, 13,771; in 1928,

21,214; in 1929, 10,175; in 1930, 17,803. These

figures must represent but a small proportion of

the total rat population, so it is difficult to

understand how the whole bird population of

the island was not totally destroyed, for rats can

climb the trees and very easily destroy eggs and

nestlings. Probably the high mountain areas

served as sanctuaries for the birds. Now ( 1955-

56) the rats are common only around dwellings

of humans. During the five weeks the author was

on the island he saw very few rats in the bush

either on day or night trips.

According to M. Nicholls (1953) "the land

rails liberated on the island about 1880 were

supposed to have succumbed to the rats, but in

February 1944, several were observed in a drain
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at Robbins Farm.” Probably the land rails sur-

vived the rat invasion but, not being very num-
erous, escaped observation.

REPTILIA

The fauna of reptilia is extremely poor. Corrie

( 1878 ) stated wrongly that neither snakes nor

lizards are known on the island; snakes are cer-

tainly unknown, but three species of Lacertilia

are present.

There are two species of Geckonidae: Phyl-

lodactylus guentheri Boulanger and Gehyra

oceanica Grey. The first is also known to exist

both on Norfolk Island and in northwest Aus-

tralia, the second appears to be generally dis-

tributed throughout the South Pacific islands.

The distribution of geckos is usually connected

with the transportation of various tropical fruits

in bunches, in which they often hide. More
interesting from the zoogeographical point of

view is the presence of the third species, Lygo-

soma lichenigerum O. Shaun. (Scincidae). The

three species are also distributed on Rabbit

(Goat) Island and the Admiralty Islets. They

may be sought on dry stony ground, under

stones, amongst dry leaves, and at the feet of

low scrubby trees.

Of water chelonians there is no trace. Turtles

are, however, known to frequent occasionally the

shores of the island. In the early decades of the

last century they were very numerous.

AMPHIBIA

Frogs, etc., are quite absent. The absence of

amphibians may be connected with the absence

of permanent fresh-water pools on the island.

The Evertebrata will be discussed in some

detail later.

FRESH-WATER FAUNA

The fresh-water fauna of the island is very

poor, but interesting. The poverty of this fauna

can be easily explained by the absence of large

permanent streams or water pools. In each large

valley there are streams but they are not truly

permanent. One of the bigger streams is situated

at northern part of the settlement, but its

estuary is usually filled with salt water which

enters during high tide and extends rather far

inland. There are also some isolated lagoons, but

their fauna was not studied regularly.

However, there are some species with ex-

tremely peculiar distributions. For example,

under stones in the several streams, anywhere

from sea level, as In the Big Creek, to the moun-
tain tops, there is living a tiny fresh-water crab,

Hymenosoma lacustris. This species is the only

fresh-water representative of a common marine

genus. It was first recognised in New Zealand,

later it was found in landlocked lakes in Vic-

toria, Australia, and afterwards at Lord Howe
and Norfolk islands. Its permanent associate is

a fresh-water prawn, a Paratya (Xiphocaris)

species.

How is it that these species appear in fresh

water in such widely separated localities? It

might be supposed that they spend some of their

earlier stages in the sea and that later some in-

dividuals have drifted from one locality to an-

other. However, this suggestion is discounted by

the fact that they occur in landlocked lakes, and

on Lord Howe Island on the top of Mt. Gower,

to which access from the sea is impossible be-

cause the streams from the top disappear before

they reach sea level.

We could suggest that the crab and the prawn

are survivors of an ancient fauna which passed

from one place to another by means of old land

connections, long since disappeared. But this ex-

planation is also unsatisfactory, because we must

suppose a land mass including Victoria, Norfolk

Island, Lord Howe Island, and New Zealand and

the commonest animals and plants of all the

above-mentioned areas are not preserved on

Lord Howe Island.

Again, we could imagine also that the eggs

were transported upon the feet of wading birds,

but if so, why do these crabs and prawns not

live in all the lakes of Australia, but only in

some of them in Victoria?

It is necessary to add that in addition to the

crabs and prawns there are tiny eels (Anguilla)

.

Their occurrence on the summit is more easily

explained, for young eels can migrate for con-

siderable distances along streams and over moist

surfaces. Although their occurrence on the sum-

mit can be accepted it is not possible to imagine

where they would find conditions suitable for

development to maturity.

Thus, the distribution of these animals is

mysterious. R. Etheridge, Jr. (1889: 32) also
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recorded a specimen of water scorpion, Belo-

stoma indicum Les., the presence of which on

so isolated an island is not easy to explain.

THE RECENT HISTORY OF THE FAUNA

In order to understand the composition of

the fauna it is necessary to know what elements

of the fauna have arrived on the island with

man (since about 200 years ago) . Therefore, we
will trace the most important moments in the

recent history of the island.

The island was discovered by Lieutenant

Lidgbird Ball on 17 Feb. 1788, but the first land-

ing took place on 13 March 1788. Ball has writ-

ten in his journal: ".
. . sent a boat to examine

the isle, and found abundance of turtle. . .
.” The

next notice on 14 May 1788: "Hoisted the

jollyboat out and sent her on shore.”

Gilbert noticed in his journal on 16 May:
".

. . he (Capt. Ball) informed me that the island

afforded plenty fine turtles, fowls, fish, coconuts

and cabbages,” and further:

At the head of the bay grew a fine long grass,

and the whole island appeared to be covered

with trees, among which mangroves and coco-

nuts were conspicuous. There was a very thick

undergrowth of a vine resembling ratten, which
crept along the ground and greatly impeded us

in the pursuit of birds. The surface of the island

in centre was composed of sea sand, mixed with

marine shells, and most parts were covered with

trees. The island seemed to be about 16 miles

long. Great numbers of gannets, very large and

fat, were about, showing less fear than geese in

a farmyard. We found many nests in the long

grass at the head of the bay. On entering the

woods I was surprised to see large fat pigeons of

the same plumage and shape as those in Europe.

They were so tame as to be knocked down with

little trouble. Partridges, likewise, in great num-
bers ran along the ground. Several of these I

Fig. 1. Lord Howe Island. The mountainous southern part of the island as seen from northwest. At right

Mt. Gower, at left Mt. Lidgbird. In foreground, Rabbit Island. The slopes of both mountains are densely

afforested. Photo: Miss Zenta Liepa.
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knocked down and placed near me as I sat under

a tree. Five or six dozen of the same kind came
up, and I was able to take nearly the whole lot.

The only traces of people we saw were those

made by the 'Supply’s’ crew when they were

first here. Among the different kinds of birds we
met were some as big as a large fowl, and quite

white. They had long yellow legs and a very

strong red beak. I caught six of these by run-

ning them down among the low bushes. The
cock birds were very beautiful; their white

feathers were tinged with azure blue. I saw also

several birds that were not unlike peacocks, but

caught none of them. At noon I returned to the

beach and found the crew had collected cocoa-

nuts, cabbages, birds, and a great quantity of

fish.

From these reports it is quite evident that the

landings were very short and that nothing was

transported ashore. From 1788 to 1830 there is

not much information available, with only whal-

ing vessels probably stopping there to get wood

and water.

In 1833 or 1834 the first actual settlement was

made: three white men, two women, and two

Maori boys. After several years’ stay the whole

party returned to New Zealand. These first

settlers had the opportunity to transport some

domesticated animals to the island.

The first survey was done by H. J. White,

1835 (report of 1853); in the report we can

read: "There are residing on the island four

men, three N. Z. women and two children, sub-

sisting upon birds and fish, which are caught in

great abundance.”

In the report from 1853, Capt. Denham writes

that since 1843 three families (total community

16 people) cultivated 44 acres on the island.

This was practically a second colonisation, this

time from the mainland of Australia.

Dr. Foulis in his report of 1851 states:

".
. . sixty to 80 whaling vessels per year have

called for provisions. . .

M. Nicholls (1938-1953) in the different

editions of his history of Lord Howe Island

gives a lengthy report about vessels visiting the

island from 1788 to 1949.

The development of culture on the island

since 1788 has had a very slow5 progressive de-

stroying influence on the native fauna, but in

1918 there was a calamity which changed the

whole face of the original fauna: in 2-5 years

it became very poor and uniform, and many spe-

cies of animals, including insects, became extinct.

On 14 June 1918, the vessel "Makambo”
struck a rock in the area of Admiralty Islands.

Many cases of fruit and tons of copra were

thrown overboard and this was the means by

which rats got ashore. It was a tragedy especially

for the birds. Within two years this paradise of

birds had become a wilderness, and the quiet of

death reigned where once all was melody.

After a few months’ time rats began to visit

the houses and soon spread over the whole island,

even to the tops of the mountains, destroying all

that was, edible. The smaller land birds soon

disappeared and then it was found that the rats

were attacking the palm seeds, which were at

that period the basis of the most important in-

dustry of the island.

A bonus of 6d a tail was paid for several years,

but was reduced later to 4d per tail. For the

year 1936 about 20,000 tails were handed in.

At the present time rats are not rare on the

island, but their numbers have been reduced to

an acceptable level. However, this was too late.

The destruction of the birds was terrific, and

their recovery from the rat invasion has been

very slow.

Another factor changing the fauna, although

not directly, was the presence of wild goats and

pigs. The year when goats were first brought to

the island has not been recorded, but it must

have been at a very early date, probably around

1830. The damage caused by these animals was
not very extensive, but the pigs, destroying the

roots of some plants, are suspected by botanists

to be the cause of the great rarity ( and probably

extinction) of some plants. Naturally, with the

destruction of the plants, those animals bio-

logically closely connected with them were de-

stroyed too.

Today the goats and pigs do not play an im-

portant role. They are very shy and avoid the

presence of man as much as possible.

It is necessary to note that the fauna does not

have a strictly permanent character. From time

to time some animals, especially water birds,

visit the island and stay some time, for example,

one species of parrot, the Indian turtle dove,

black swan, crow, etc., but sooner or later, gen-
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FIG. 2. Mount Gower. Showing the nearly vertical slope and type of vegetation along the shore. Photo:

Miss Zenta Liepa.

erally after the presence of only some months,

they disappear (for more details see M. Nicholls,

1953).

It is evident that the niches on the island

suitable for them are too small for their survival.

THE MAIN GOAL OF THE NATURALIST’S

EXPLORATION

The most interesting parts of the island, the

summits of Mt. Lidgbird and Mt. Gower, are

practically unexplored. Only a few naturalists

have reached the summits, and their visits were

mostly of a tourist character. Nobody has stayed

in these areas very long, visits usually being con-

fined to only a few hours, so naturally we have

a very insufficient and superficial knowledge of

the fauna and flora, which are quite different

from those of the lower part of the island.

Especially interesting is the summit of Mount
Gower, which is very different from that of Mt.

Lidgbird. The top of Mt. Gower is a compara-

tively flat area several hundred acres in extent,

whereas the summit of Mt. Lidgbird consists

practically only of slopes.

Two "runs” on the summit of Mt. Gower
converge and disappear over the sheer cliffs, fall-

ing perhaps a thousand feet into the Erskine

Valley. The water trickling down them is sup-

plied direct from the clouds which so com-

monly envelop the mountain tops. Investigation

of this area can produce extremely interesting

data. For example, there is the record of a nymph
of the family Pelorididae (Homoptera), the

species of which are distributed in Patagonia,

Tierra del Fuego, New Zealand, Tasmania, and

the eastern part of Queensland. The representa-

tives of this family belong to the genus Hemi-

odoecus China: 2 species from Australia: H.

veitchi and H. toilsoni, 2 species from Tasmania:

H. leai and H. fidelis. Xenophyes cascus Bergr.
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is distributed in New Zealand, and Peloridium

hammoniorum Br. in Patagonia and Tierra del

Fuego.

This area has a very humid atmosphere:

mosses, lichens, and climbing ferns of many
kinds cover the trunks of almost all the trees,

while the ground is completely hidden under a

thick growth of sphagnum. The tree fern, Dix-

onia antarctica, plays here an important role in

the landscape.

Nobody has collected insects in light traps, or

by other sorts of traps ( carrion, fermented sugar

juice, etc.). We can expect extraordinary results

if these methods of collecting are used.

Another object for exploration is the so-called

"Balls Pyramid”—a pinnacle rising 1,800 feet

into the sky, yet only a mile in circumference at

its base (Fig. 4). It is located 11 miles to the

southward (other data state 18 miles) from

Lord Howe Island. Its upper slopes remain "terra

incognita,” as none but a few surveyors have

ever landed upon the rocks around its base, and

nobody has collected animals on this huge rock.

It has some bushes, but exploration can be

accomplished only with the help of alpinists’

equipment. It is quite evident that some land

birds can nest there, insects are also doubtlessly

present, but they are absolutely unknown.

SOME USEFUL DATA FOR THE
VISITING NATURALIST

Regular connection of Lord Howe Island with

the mainland is maintained now only by flying

boats (run by Ansett Airways), flying from

Sydney one or two times a week. The flight takes

about three and a half hours; in bad weather

the flight is usually postponed till the weather

improves. The flying boats land in the lagoon

near a jetty, all passengers and their goods being

transported to the jetty by motorboats. Thirty-

Fig. 3. Slopes of Mt. Lidgbird, showing the type of vegetation in the middle zone, about 800 feet above

sea level. Photo: Miss Zenta Liepa.



Lord Howe Island—Paramonov 83

Fig. 4. Ball’s Pyramid, about 11 miles southeast of Lord Howe Island. The surface of this gigantic rock is

unexplored. Its circumference is 1 mile, height 1,800 feet. Photo: R. Morris.
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five pounds of luggage are carried free, cameras,

binoculars, etc., not being included in the weight

of the luggage. Excess luggage or freight costs

6d per pound.

On the island there are four hotels and guest

houses with conditions similar to those on the

mainland; some private houses also accommo-
date visitors (with full board). There is electric

light. There are some privately owned trucks

which can be used for transportation of heavy

loads along the two or three main roads on the

island. Bicycles are also available for hire for

shorter trips on the island. There are three shops

on the island in which the traveller can buy

clothes, shoes, groceries, etc. Several tearooms

serve refreshments and light meals.

Radio telegrams may be sent from any post

office to the island or to any part of the Com-
monwealth from the island at 12 words for 2/6.

The Commonwealth Savings Bank has an agency

at the local post office. Visitors coming to the

island can have their signatures forwarded by

their own branches and can operate their ac-

counts within certain limits laid down by the

Head Office of the Bank.

Ordinary size films are available and a good

developing and printing service is available at

approximately city prices. There is no chemist’s

shop, but a small hospital and a dispensary is

available; there is one doctor and a trained nurse.

Beer and spirits are now available on the

island.

Professional guides for climbing the moun-
tains are not available, but a number of ex-

perienced islanders are available for hire as

mountain guides. Heavy loads can be transported

by motorboats to areas nearer to the mountains.
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News Note

The National Science Foundation announces

that final proposals for Antarctic research for

the 1960-61 field season should be submitted by

February 15, I960, in order to allow the neces-

sary time for scientific review and field planning.

Proposals should be addressed to the Direc-

tor, National Science Foundation, Washington

25, D. C, Attn: Antarctic Program Director.

Proposals will be accepted for aurora and air-

glow, biology and medical sciences, cosmic rays,

geodesy and cartography, geology, geomagnet-

ism, glaciology, gravity, ionospheric physics,

meteorology, oceanography, seismology, and for

such other research as may be pertinent to Ant-

arctica. The staff of the Antarctic Research Pro-

gram of the NSF will be happy to discuss ideas

for proposals informally prior to their final sub-

mission or to answer questions regarding the

preparation of proposals and problems of re-

search in the Antarctic.







should not be fastened together in any way, and

should be mailed flat. Inserts should be either typed

on separate sheets or pasted on proper page, and point

of insertion should be clearly indicated.

Original copy and one carbon copy of manuscript

should be submitted. The author should retain a car-

bon copy. Although due care will be taken, the editors

cannot be responsible for loss of manuscripts.

Introduction and Summary. It is desirable to state the

purpose and scope of the paper in an introductory

paragraph and to give a summary of results at the end

of the paper.

Dictionary Style. It is recommended that authors fol-

low capitalization, spelling, compounding, abbrevia-

tions, etc., given in Webster’s New International Dic-

tionary (unabridged), second edition; or, if desired,

the Oxford Dictionary. Abbreviations of titles of pub-

lications should, if possible, follow those given in

World List of Scientific Periodicals. Examples of the

usual abbreviations are to be found in Pacific Science.

Footnotes. Footnotes should be used sparingly and

never for citing references (see later). When used,

footnotes should be consecutively numbered by supe-

rior figures throughout the body of the paper. Foot-

notes should be typed in the body of the manuscript

on a line immediately below the citation, and sepa-

rated from the text by lines running across the page.

Citations of Printed Sources. All references cited

should be listed alphabetically by author at the end

of the paper, typed double-spaced. References to books

and to papers in periodicals should conform to the

following models

;

Batzo, Roderick L., and J. K. Ripkin. 1849- A
Treatise on Pacific Gastropods, vii + 326 pp., 8

figs., 1 map. Rice and Shipley, Boston.

Crawford, David L. 1920<*. New or interesting

Psyllidae of the Pacific Coast (Homop.). Proc.

Hawaii. Ent. Soc. 4(1) : 12-14.

1920A Cerotrioza (Psyllidae, Homoptera).

Proc. Hawaii. Ent. Soc. 4(2) : 374-375.

Rock, Joseph F. 1916. The sandalwoods of Hawaii;

a revision of the Hawaiian species of the genus

Santalum. J. Aust. Inst. Agric. Sci. 12(3): 1-43,

13 pis.

In the text, sources should be referred to by author,

date, and page, as follows: “It was noted (Rock,

1916: 18) that . .
.” or “Rock (1916: 21-24)

says .

.

Quotations. Quoted matter of fewer than five printed

lines (about 200 characters) should be given in the

text in the usual form, using double quote marks.

Longer quotations should be set flush with left mar-

gin. The author is responsible for the accuracy of

quoted material.

Numbers. Decimals, measurements, money, percent-

ages, time; enumerations in which any figure is 10 or

over; and isolated enumerations of 10 and over should

be given in Arabic figures, rather than spelled out,

except when the number begins a sentence.

ILLUSTRATIVE MATTER

Only the minimum number of illustrations required

to supplement the text will be accepted by the editors.

Reproduction costs of illustrations in excess of the

number allowed by the editors will be paid by the

author.

Illustrations should accompany manuscript, on sep-

arate sheets. Often more valuable than a photograph

is a good line drawing, which may be reproduced by

the zinc etching process.

Figures and Graphs. Copy for figures and graphs

should always be drawn large enough to allow for at

least one-third reduction by the engraver. Copy should

consist of carefully prepared line drawings in one

color only, drawn in India ink on plain white draw-

ing paper or tracing cloth. Co-ordinate paper with

lines in light blue (a color which will not show in a

photograph) may be used; but co-ordinates which

should appear in the finished graph must be drawn
in India ink. If original figures may not be conven-

iently submitted with manuscript, duplicate rough

sketches or photographic prints may be furnished to

aid the editors in their decisions.

It is strongly urged that an indication of scale be

incorporated as a part of all drawings in which mag-

nification and size are critical considerations.

Photographs. Photographs should be chosen for clarity

in portraying essential information. They should be

printed for contrast, on glossy paper, and should be

sent unmounted. They should be identified with serial

number written in soft pencil on the back to corre-

spond with list of captions.

Illustrations will be returned to the author.

Tables. Tabular matter should be kept to a minimum.
Each table, prepared to conform with Pacific Science

style, should be typed on a separate page, and its posi-

tion indicated on the manuscript.

Captions. Readily identifiable captions for figures,

graphs, photographs, and other illustrative matter

should be supplied on a separate page.

PROOF

Proof should be corrected immediately and returned

at once to Mrs. Marion P. Goddard, assistant to the

editors. Authors are reminded that the editors will

allow only a minimum number of corrections on gal-

ley proof. Additions to the printed text and changes

in style and content are not permitted.

All queries on proof should be answered. If cor-

rected proof is not received within four weeks after

being sent to the author, author’s changes cannot be

accepted.

REPRINTS

Reprints or separates should be ordered on the

form provided and returned with author’s proof. All

correspondence concerning separates must be directed

to the printer, Star-Bulletin Printing Company, Inc.,

420 Ward Avenue, Honolulu 14, Hawaii.





VOL. XIV APRIL 1960 NO. 2

PACIFIC SCIENCE
A QUARTERLY DEVOTED TO THE BIOLOGICAL

AND PHYSICAL SCIENCES OF THE PACIFIC REGION

CHARLES E. CUTRESS and WILLIS E. PEQUEGNAT
Three New Zoantharia from California

B. M. BARY

Pelagic Tunicates from New Zealand

KEITH H. WOODWICK
Early Larval Development of Polydora nuchalis

ALBERT H. BANNER and DORA MAY BANNER
Alpheid Shrimp of the Pacific Ocean, Part V

IRWIN M. NEWELL
Charadracarus, A New Genus of Mites

WALTER M. MATSUMOTO
Hawaiian Frigate Mackerel of the Genus Auxis

R. W. TAYLOR

Taxonomic Notes on Ponera leae and P. norfolkensis

UNIVERSITY OF HAWAII PRESS



BOARD OF EDITORS

O. A. BUSHNELL, Editor-in-Chief

Department of Bacteriology, University of Hawaii

Marion P. Goddard, Assistant to the Editors

Office of Publications and Information, University of Hawaii

Agatin T. Abbott
Department of Geology and Geophysics

University of Hawaii

Thomas S. Austin

Bureau of Commercial Fisheries, Hawaii Area

(U. S. Fish and Wildlife Service)

Honolulu, Hawaii

Brian M. Bary
Institute of Oceanography

University of British Columbia

Vancouver, Canada

Albert J.
Bernatowicz

Department of Botany

University of Hawaii

Howard Boroughs
Instituto Interamericano de Ciencias Agricolas

Turrialba, Costa Rica

E. H. Bryan, Jr.

Bernice P. Bishop Museum
Honolulu, Hawaii

Koji Hidaka
Geophysical Institute

Tokyo University

Tokyo, Japan

Colin S. Ramage
Department of Geology and Geophysics

University of Hawaii

Paul J. Scheuer
Department of Chemistry

University of Hawaii

Albert L. Tester

Department of Zoology and Entomology

University of Hawaii

Miklos F. Udvardy
Department of Zoology and Entomology

University of Hawaii

Thomas Nickerson, Managing Editor

Office of Publications and Information, University of Hawaii

SUGGESTIONS TO AUTHORS
Contributions to Pacific biological and physical

science will be welcomed from authors in all parts of

the world. (The fields of anthropology, agriculture,

engineering, and medicine are not included.) Manu-
scripts may be addressed to the Editor-in-Chief,

PACIFIC SCIENCE, University of Hawaii, Honolulu

14, Hawaii, or to individual members of the Board

of Editors. Use of air mail is recommended for all

communications.

Manuscripts will be acknowledged when received

and will be read promptly by members of the Board

of Editors or other competent critics. Authors will be

notified as soon as possible of the decision reached.

Manuscripts of any length may be submitted, but

it is suggested that authors inquire concerning possi-

bilities of publication of papers of over 30 printed

pages before sending their manuscripts. Authors

should not overlook the need for good brief papers,

presenting results of studies, notes and queries, com-

munications to the editor, or other commentary.

PREPARATION OF MANUSCRIPT

It is requested that authors follow the style of

Pacific Science described herein and exemplified in the

journal.

Manuscript Form. Manuscripts should be typed on

one side of standard-size, white bond paper and

double-spaced throughout. Pages should be consecu-

tively numbered in upper right-hand corner. Sheets

(Continued on inside back cover

)



PACIFIC SCIENCE
A QUARTERLY DEVOTED TO THE BIOLOGICAL
AND PHYSICAL SCIENCES OF THE PACIFIC REGION

VOL. XIV APRIL 1960 NO. 2

Previous issue published January 12, I960

CONTENTS
PAGE

Three New Species of Zoantharia from California. Charles E. Cutress and

Willis E. Pequegnat . 89

Notes on Ecology, Distribution
,
and Systematics of Pelagic Tunicata from

New Zealand. B. M. Bary 101

Early Larval Development of Polydora nuchalis Woodtvick, a Spionid Polychaete.

Keith H. Woodwick 122

contributions to the Knowledge of the Alpheid Shrimp of the Pacific Ocean,

Part V. The Indo-Pacific Members of the Genus Athanas. Albert H.

Banner and Dora May Banner 129

Charadracarus new genus, Charadracarinae new subfamily (Acari
, Johnstoniani-

dae), and the Status of Typhlothrombium Berlese 1910.

Irwin M. Newell 156

Notes on the Hatuaiian Frigate Mackerel of the Genus Auxis.

Walter M. Matsumoto 173

Taxonomic Notes on the Ants Ponera leae Eorel and Ponera norfolkensis

{Wheeler) (Hymenoptera—Formicidae). R. W. Taylor 178

NOTES:

Fatal Shark Attack, Oahu, Hawaii, December 13, 1958.

Albert L. Tester 181

Introduction of the Marquesan Sardine, Harengula vittata (Cuvier and
Valenciennes), to Hawaiian Waters. Garth I. Murphy 185

Pacific Science is published quarterly by the University of Hawaii Press, in January,

April, July, and October. Subscription price is $4.00 a year; single copy, $1.25. Check
or money order payable to University of Hawaii should be sent to University of Hawaii
Press, Honolulu 14, Hawaii, U. S. A. Printed by Star-Bulletin Printing Company, Inc.,

420 Ward Avenue, Honolulu 14, Hawaii.

Hffl





Three New Species of Zoantharia from California

Charles E. Cutress and Willis E. Pequegnat1

Previous to the discovery of the species to

be described in this paper, 20 species of Zo-

antharia belonging to 4 genera were known

from the eastern Pacific Ocean. Nine of the

species were described from the Gulf of Cali-

fornia by Carlgren ( 1951 ) . With the additional

species described by Verrill (1866, 1869) from

Central America and one described from Pan-

ama by Le Conte (1851), there are 15 species

of Zoantharia known from the warm waters of

the Gulf of Panama and Gulf of California.

Four species have been described from the coasts

of Chile and Juan Fernandez, one by McMur-
rich (1904) and three by Carlgren (1898,

1920). Between this region and Panama vir-

tually nothing is known of the zoantharian

fauna. North of the Gulf of California to the

southern coast of Alaska there is known but a

single zoanthid, the species being described by

Wood (1958).

the Zoantharia of the eastern
Pacific Ocean

Epizoanthus californicum Carlgren, 1951, p. 436,

text fig. 82, a-d, pi. 14, fig. 7. La Paz, Baja

California.

crassum Verrill, 1869, p. 498. San Sal-

vador.

elongatum Verrill, 1869, p. 497. Peru

and Pearl Islands.

gabrieli Carlgren, 1951, p. 438, pi. 14,

fig. 6. Espiritu Island, Gabriel Bay, Baja

California.

humile Verrill, 1869, p. 498. Panama.

patagonichum Carlgren, 1898, p. 38,

fig. 1. S. 40° 14' W. 61° 23'. McMurrich,

1904, p. 296, pi. 19, figs. 85, 86. Calbuco,

Chile. Carlgren, 1927, p. 94, text fig. 62. South

of Falkland Islands.

— scotinus Wood, 1958, p. 707. Puget

Sound, Washington.

1
Smithsonian Institution and Department of Zool-

ogy, Pomona College, Claremont, California. Manu-
script received January 29 , 1959 .

Palythoa complanata Carlgren, 1951, p. 438, text

figs. 82, e, f, pi. 14, fig. 9. Puerto Escondido,

Baja California.

ignota Carlgren, 1951, p. 440, text figs.

83, c, d, pi. 14, fig. 12. Angeles Bay, Baja

California.

insignis Carlgren, 1951, p. 441, text

figs. 84, a-c, pi. 14, fig. 13. Coronado Island,

Baja California.

pazi Carlgren, 1951, p- 442, text fig. 84,

d, pi. 14, fig. 14. La Paz, Baja California.

praelonga Carlgren, 1951, p. 439, text

figs. 82, g, h, pi. 14, fig. 10. Gabriel Bay, Baja

California.

rickettsi Carlgren, 1951, p. 440, text

figs. 83, a, b, pi. 14, fig. 11. Tiburon Island,

Baja California.

Parazoanthus elongatum McMurrich, 1904, p.

298, pi. 19, figs. 87-89. Calbuco, Chile.

fuegiensis Carlgren, 1898, p. 39, fig. 6.

Dawson Island, Strait of Magellan.

juanfernandez Carlgren, 1920, p. 148,

text fig. 3, pi. 6, fig. 3. Juan Fernandez.

Zoantbus conferturn (Verrill). Mammillifera

conferta Verrill, 1869, p. 497. San Salvador.

danae Le Conte. Zoantha danae Le

Conte, 1851, p. 320. Panama. Mammillifera

danae, Verrill, 1869, p. 496. Pearl Islands.

Zoanthus danae, Verrill, 1866, p. 329. Pan-

ama. Carlgren, 1951, p. 443, text figs. 84, e-h.

Escondido, Coronado, Concepcion Bay, Baja

California.

depressum Carlgren, 1951, p. 444, text

fig. 84, i. Cape San Lucas, Baja California.

nitidum (Verrill) . Mammillifera nitida

Verrill, 1869, p. 497- San Salvador.

The three species of Parazoanthus known
until now from the eastern Pacific are all from

the southern end of South America. The new
fourth species, P. lucifcum, in addition to being

the first reported from the northeast Pacific

Ocean, also is the first reported instance of a

member of the genus occurring regularly on a

89
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gorgonian and along with Epizoanthus indura-

tum furnishes the first cases of bioluminescence

in the order. The new species Epizoanthus

leptoderma and E. induratum are the seventh

and eighth of the genus to be reported from

the eastern Pacific and the fourth and fifth from

the area of Lower California and California.

The specimens of Parazoanthus lucificum

,

Epizoanthus leptoderma, and E. induratum

herein described are from material collected in

conjunction with an ecological survey, being

conducted by the junior author, of several shal-

low water shale reefs off the coast of Corona

del Mar, California.

The finding of three new zoantharians in

subtidal water in the same area attests to the

scantiness of our knowledge of the subtidal

fauna of the comparatively intensely studied

coast of California. More specifically, the col-

lection of these new zoanthids by SCUBA div-

ing at depths of 25 to 100 feet points to a

possible existence at these depths of a fauna, at

least in part, unlike that of either the littoral

or deep water.

Family PARAZOANTHIDAE
Parazoanthus Haddon and Shackleton, 1891

Parazoanthus Haddon and Shackleton, 1891,

p. 653. Type species by original designation:

Palythoa axinellae Schmidt, 1862, pp. 61, 62, pi.

6, figs. 2, 3. Gender: neuter.

Parazoanthidae with a diffuse marginal sphinc-

ter muscle in the entoderm. Scapus and coe-

nenchyme incrusted with foreign material.

Ectoderm continuous. Mesogloea with an en-

circling sinus as well as ectodermal canals,

lacunae, and cell islets. Polyps usually colonial

and connected by bandlike or incrusting coe-

nenchyme. Dioecious.

The diagnosis of the genus as it is given here

is essentially that of Haddon and Shackleton.

Parazoanthus lucificum n. sp.

Figs. 1-3

TYPE MATERIAL: Holotype, U.S. Nat. Mus.

Cat. No. 50975, one colony of 200 to 300

polyps. From off Corona del Mar, California,

at a depth of 75 feet. Collected by Willis E.

Pequegnat, May 5, 1957. Colony incrusting a

dead gorgonian which was attached to a shale

reef.

Paratype, U.S. Nat. Mus. Cat. No. 50976, one

colony of 300 to 400 polyps. From 1 mile south

of Corona del Mar, California, at a depth of 85

feet. Collected by Willis E. Pequegnat, April 25,

1958. Colony incrusting a dead gorgonian which

was attached to a shale reef.

DIAGNOSIS: Colony large, consisting of nu-

merous moderately crowded polyps. Coenen-

chyme thin and incrusting. Scapus thin-walled.

Surface of the ectoderm sparsely incrusted with

fine sand and shell. Ridges of the scapulus to

17 in number, indistinct in contracted polyps

but distinct in expanded ones. Tentacles and

mesenteries to 30 in number. Marginal sphincter

muscle in the entoderm weak. Mesogloea with

an extensive encircling sinus and few cell islets.

Holotrichs absent. The species grows upon the

gorgonian Muricea californica, is brilliantly bio-

luminescent and secretes copious quantities of

FIG. 1. Parazoanthus lucificum. A portion of the

paratype. X 1-5.
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thick sticky slime upon stimulation or when re-

moved from the water.

DESCRIPTION: Size. In life the largest polyps

are 15 mm. long and 3.5 mm. in diameter. In

the preserved semiexpanded condition the larg-

est polyps of the holotype are about 4 mm. long

and 2.5 mm. in diameter. The holotype colony

almost completely covers the numerous branches

of a 20 cm. gorgonian.

External Aspects. P. lucificum occurs at depths

of 40 to 90 feet and is found on about 5 per cent

of the Muricea californica in the Corona del Mar

area. Whole colony brilliantly bioluminescent

and secreting copious quantities of slime. Coe-

nenchyme thin and incrusting, for the most part

completely investing the branches of the gor-

gonian. Polyps numerous, moderately crowded,

not arranged in a definite pattern. Scapus thin-

walled, allowing the insertions of the mesen-

teries to show through. Ridges of the scapulus

numbering to 17, indistinct in contracted polyps

but distinct in expanded ones. On some of the

well-expanded polyps the ridges of the scapulus

resemble incrusted marginal vesicles. Between

each ridge (just below each outer tentacle) there

is a distinct V-shaped area devoid of incrusta-

tion. Coenenchyme and scapus surface sparsely

incrusted with very fine sand, shell, occasional

sponge spicules and foraminifers. Tentacles ar-

ranged in two cycles, moderately long, to 30 in

number. Color of living specimens is bright

yellow with a distinct orange ring around the

mouth which extends into the actinopharynx

and along the macrocnemes near the gonads.

Sphincter . In the entoderm, weak, made up of

15 to 18 low simple plaits, diffuse (Fig. 2).

Mesenteries. To 30 in number. In the 15

polyps examined the following numbers of mes-

enteries were observed: (25) 8, (27) 3, (28)

3, (30) 1. The polyp with 30 mesenteries had

17 macrocnemes and 13 microcnemes. The fila-

ments are attached throughout their length to

the macrocnemes and extend about three-fourths

of the distance from the actinopharynx to the

base. The scanty gonads are borne on the mac-

rocnemes just below the actinopharynx. Re-

tractor muscles of the macrocnemes very weak,

diffuse (Fig. 3). Microcnemes scarcely extend-

ing above the column entoderm. The polyps of

the holotype are female and those of the para-

91

Fig. 2. Transverse section of the marginal sphincter

muscle of Parazoanthus lucificum. Scale = .10 mm.

type, male. The gonads are ripe during June,

July, and August. The larvae are retained within

the body until they are well developed and are

commonly observable in the lumens of the ten-

tacles. The larva is of the zoanthella type.

Actinopharynx. Longitudinally corrugated.

Siphonoglyph shallow but distinct. Hyposulcus

indistinct, only slightly shorter than the siphono-

glyph. Ectoderm without mucous or eosinophilic

gland cells.

Mesogloea. With an extensive encircling

sinus which is lined with cells similar to those

of the ectoderm, with lacunae which do not

contain cells, and with few cell islets. Contain-

ing very little of the incrusting material.

Ectoderm. Continuous, about one half the

thickness of the mesogloea and containing most

of the sparse incrusting material. With no

mucous cells but on the surface and in some

parts of the encircling sinus with a diffusely dis-

tributed nonparticulate material (probably the

slime) which stains like mucus with hema-

toxylin.

Entoderm. Without zooxanthellae.

Cnidom. Spirocysts, of the tentacles, 18 to 22

by 3 i
u, very numerous. Microbasic b-mastigo-
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phores, of the tentacles, 18 to 22 by 3 to 4 g, few

(mostly at the tips); of the actinopharynx, 18 to

20 by 3 to 3.5 g, few. Microbasic p-mastigo-

phores, of the actinopharynx, 14 to 18 by 5 g,

few; of the filaments, 13 to 22 by 4.5 to 6 /a,

common. No nematocysts could be found in

either the ectoderm or the entoderm of the

column. Holotrichs are absent.

DISCUSSION

Especially noteworthy among the several dis-

tinguishing features of Parazoanthus lucificum

is its brilliant bioluminescence. E. N. Harvey

(1952; 1955) gives no references to luminous

Anthozoa excepting the Alcyonaria and none

could be found in a rather thorough review of

the literature on the Zoantharia. From this we
in no way conclude that P. lucificum is unique

in this respect, but we do believe that this is

the first reported instance of bioluminescence

for the genus Parazoanthus. Because of its bio-

luminescence we have given to the species the

Latin name lucificum, denoting "light producer.”

FIG. 3- Transverse section of a macro- and micro-

cneme of Parazoanthus lucificum . Only the encircling

sinus is shown in the column mesogloea. Section taken

from mid-column. Scale = .10 mm.

The bioluminescence is restricted to the ten-

tacles which flash both in the expanded and

contracted state. The phenomenon is observed

upon appropriate stimulation only. A sufficiently

strong stimulus causes a large number of the

polyps to light up. The glow is not steady at

first but is characterized by intermittent flashes

at the end of which time it continues steadily

for as much as 10 seconds and then dims out.

Because of the recurrent flashing, suggestive of

nondirectional neural control, and negative

smears for bacteria, it is our conclusion that the

luminosity is intrinsic to the zoanthid. However,

cells or granules that might be associated with

the phenomenon were not observed.

P. lucificum grows upon the gorgonian Muri-

cea californica. After the zoanthella larva settles

on a living M. californica the zoanthid rapidly

and entirely replaces the soft parts of the gor-

gonian. It appears that once the zoanthid is

established the gorgonian has little or no defense

against further encroachment. At the approach

of the zoanthid’s coenenchyme the gorgonian’s

tissues soften and slough off leaving exposed an

area of bare skeleton which soon becomes oc-

cupied by a zoanthid polyp. This process con-

tinues until the gorgonian is completely re-

moved from its skeleton. Although two other

genera of gorgonians are found off Corona del

Mar, P. lucificum does not grow on them.

P. lucificum has been found growing only on

Muricea californica in spite of the fact that a

second species, M. fruticosa, may in places grow

side by side with the former. P. lucificum is the

only known species of the genus to be regularly

associated with a gorgonian.

Morphologically and anatomically P. lucifcum

is most similar to P. dichroicum Haddon and

Shackleton, 1891, P. gracile (Lwowsky, 1913),

and P. tunicans Duerden, 1900. It can, however,

be distinguished from P. dichroicum by its yel-

low color, lack of dichroism, fewer mesenteries,

and larger polyps. Compared to P. gracile, P.

lucificum has fewer mesenteries, larger polyps,

and in the mesogloea lacks the peculiar cells

with crystal-like inclusions (Lwowsky, 1913;

Carlgren, 1934). The difference in the number

of macrocnemes between P. lucificum and P.

tunicans (to 17 in the former; to 16 in the lat-

ter) is too slight to be of diagnostic value. While
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there is a difference in the zoogeographical dis-

tribution, host, and polyp size between the two

species, probably the most important diagnostic

character is the absence of holotrichous nemato-

cysts in P. lucificum while they are relatively

abundant in P. tunicans

.

In summary, the distinguishing features of

P. lucificum are its brilliant bioluminescence,

sliminess, affinity for the gorgonian Muricea

californica, lack of holotrichs, and, in most cases,

its complement of mesenteries.

Family EPIZOANTHIDAE
Epizoanthus Gray, 1867

Epizoanthus Gray, 1867, p. 237. Type species

by monotypy: Duseideia? papillosa Johnston,

1842, pp. 190, 251 (in part), text fig. 18 (not

pi. 16, figs. 6, 7), = Epizoanthus incrustatus

(Diiben and Koren, 1847), p. 268. Gender:

neuter.

DIAGNOSIS: Epizoanthidae with a single mar-

ginal sphincter muscle in the mesogloea. Scapus

and coenenchyme incrusted with foreign ma-

terial. Ectoderm usually continuous but may oc-

casionally be discontinuous. Mesogloea often

with cell islets and lacunae. Polyps either co-

lonial or solitary. Coenenchyme bandlike, in-

crusting or greatly reduced in solitary forms.

Dioecious.

Epizoanthus leptoderma n. sp.

Figs. 4-6

TYPE MATERIAL: Holotype, U.S. Nat. Mus.

Cat. No. 50974, two portions of one colony

with a total of 80 to 90 polyps. From a shale

reef, depth 40 feet, Corona del Mar, California.

Collected by Robert Given, August 25, 1957.

DIAGNOSIS: Colony large, consisting of nu-

merous, moderately crowded, elongate polyps

arising from a moderately thick, incrusting cce-

nenchyme. Scapus thin-walled. Ectoderm of the

scapus and coenenchyme moderately incrusted

with sand. Ridges of the scapulus indistinct, to

18 in number, agreeing with the macrocnemes.

Marginal sphincter muscle in the mesogloea,

moderately strong, broad and transversely strati-

fied. Tentacles and mesenteries to 36 in number.

Mesogloea with few lacunae and cell islets but
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with single elliptical cells especially in the re-

gions of the oral disc and actinopharynx.

DESCRIPTION: Size. In the preserved semi-

contracted state the polyps vary in length and

diameter from 5 by 1.5 mm. to 20 by 5 mm. The

largest portion of the colony is about 4 cm. in

diameter at the base.

External Aspects. Polyps elongate, moderately

crowded and arising from a moderately thick,

incrusting coenenchyme. Scapus thin-walled,

allowing the mesenterial insertions to show

through. Surface of the scapus and coenenchyme

with a moderately dense incrustation of fine

black and white sand. Ridges of the scapulus to

18 in number, indistinct in contracted speci-

mens. Tentacles of medium length, thin, num-

bering to 36 in large polyps. Color in life tan,

with narrow, transverse, brown bands on the

tentacles. Color in alcohol, scapus and coenen-

chyme gray, tentacles gray with one to several

narrow, transverse, violet bands. The species oc-

curs on shale reefs at depths of 15 to 45 feet. It

is common on protected ledges.

Marginal Sphincter Muscle. In the mesogloea,

moderately strong, broad and transversely strati-

fied (Fig. 5).

Mesenteries. Usually agreeing in number with

the tentacles. Those of the 10 largest specimens

were (36) 1, (34) 1, (33) 4, (32) 2, and

(30) 2. Several of the smallest specimens had

30 mesenteries. Polyps with 36 mesenteries have

18 macro- and microcnemes. Mesogloea lamina

of the mesenteries thin. Retractor muscles of

the macrocnemes very weak and diffuse (Fig.

6 ) . The microcnemes scarcely extend above the

column entoderm. Gonads were not apparent-

in the specimens examined.

Actinopharynx. Ectoderm with few gland

cells and with olive-colored pigment granules

in the basal portion. Siphonoglyph distinct,

slightly longer than the indistinct hyposulcus.

Mesogloea. With a few small lacunae and a

few cell islets but with rather numerous, single,

elliptical cells especially in the regions of the

oral disc and actinopharynx. The elliptical cells

of the column are more numerous next to the

entoderm. Mesogloea of the column about four

or five times the thickness of the ectoderm, con-

taining a little sand and an occasional sponge

spicule.
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Fig. 4. Epizoanthus leptoderma. The largest portion

of the holotype. X 14.

Ectoderm. That of the scapus and coenen-

chyme containing most of the sand. That of

the tentacles and oral disc with olive-colored

granules at the locations of the violet markings.

With little or no pigmentation in the column.

Entoderm. Without zooxanthellae.

Cnidom. Spirocysts, of the tentacles, 12 to 15

by 2.5 to 3 p, very numerous. Basitrichs, of the

tentacles, 12 by 2 to 2.5 p, few. Microbasic

b-mastigophores, of the tentacles, 12 to 15 by

3 to 3.5 p, few; of the actinopharynx, 12 to 18

by 2 to 2.5 p, common. Microbasic p-mastigo-

phores, of the actinopharynx, 12 by 4.5 p, few;

of the filaments, 12 to 20 by 4.5 p, numerous.

Holotrichs, of the actinopharynx (entoderm),

37 to 40 by 12 to 15 p, common; of the fila-

ments, 37 to 40 by 12 to 15 p, common. No
nematocysts could be found in the column.

DISCUSSION

Superficially E. leptoderma appears to be in-

PACIFIC SCIENCE, Vol. XIV, April I960

termediate between E. gabrieli Carlgren and

E. californicum Carlgren. The growth form and

dimensions of the E. leptoderma colony and

polyps are essentially the same as those of

E. californicum. The chief external difference

between these two species is the thinner column

wall and weaker incrustation of E. leptoderma

(the characteristic for which this species is

named). Histological examination, in addition,

reveals that the marginal sphincter of E. lepto-

derma is much weaker and shorter than that of

E. californicum. Although there is an overlap in

the number of mesenteries between the two

species, it is only an occasional polyp of E. lep-

toderma that will have the lesser mesenterial

complement of E. californicum. The mesogloea,

especially of the column, of the latter species is

several times as thick as that of E. leptoderma

and, furthermore, the cells of the mesogloea of

E. californicum are larger, more numerous, and

have a different distribution. The cells of the

mesogloea of the column of E. leptoderma are

concentrated near the entoderm, whereas in

E. californicum these cells are uniformly dis-

tributed. There is close agreement in the dimen-

FIG. 5. Transverse section of the marginal sphincter

muscle of Epizoanthus leptoderma. Scale = .10 mm.
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sions of the nematocysts of the two species but

the distribution of the kinds is slightly different.

Comparing E. leptoderma with E. gabrieli,

we find that the colony and polyps of the

former species are larger and the scapus and

coenenchyme are thinner and more sparsely

incrusted. Internally the marginal sphincter

muscle of E. leptoderma, although slightly

weaker, resembles that of E. gabrieli, but only

in its upper part. Whereas the sphincter of

E. leptoderma is short, that of E. gabrieli tapers

gradually to a long tail which becomes alveolar

(Fig. 7).

One point of similarity that at first seemed

important was the tendency of the cells of the

mesogloea to be concentrated near the entoderm.

Carlgren, 1951, stresses this feature as a char-

acteristic of E. gabrieli. However, in the sections

of a second polyp of E. gabrieli we found that

these same cells are rather evenly distributed in

the mesogloea. In the case of E. leptoderma, the

concentration of cells of the mesogloea near the

entoderm was rather obvious in all the polyps

sectioned.

When the mesenteries of the two species are

compared in sections taken from a point half

way between the end of the actinopharynx and

the pedal disc, it is found that the microcnemes

are about one half the length of the macro-

cnemes in E. gabrieli while in E. leptoderma the

free edges of the microcnemes scarcely extend

beyond the margin of the column entoderm. In

the former species, near the column, the meso-

gloeal lamellae of both micro- and macrocnemes

are greatly thickened, a feature which Carlgren,

1951, does not mention. In contrast, the meso-

gloeal lamellae of the mesenteries in E. lepto-

derma are weak and there is little difference in

their thickness from column to free edge (com-

pare Figs. 6 and 8). The difference in appear-

ance of this musculature in the two species is

not due to differential contraction, for sections

of both contracted and expanded polyps of

E. leptoderma were compared with those of

E. gabrieli. As the polyps of both species had

inactive gonads, the different appearance of the

mesenteries could not be due to differences in

this physiological state. We think the differences

between the mesenteries of E. leptoderma and

E. gabrieli are morphological and constant.
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Fig. 6. Transverse section of a macro- and micro-

cneme of Epizoanthus leptoderma. Shown in the col-

umn wall mesogloea are cells concentrated near the

entoderm. Section taken from mid-column. Scale -

.10 mm.

It seems clear to us that, although E. lepto-

derma possesses a few characters of both E.

gabrieli and E. californicum, for the most part

these similarities are outweighed by the unique

characters of each species, and in our estimation

the three are distinct species.

Epizoanthus induratum n. sp.

Figs. 7-9

TYPE MATERIAL: Holotype, U.S. Nat. Mus.

Cat. No. 51054, one colony of about 60 polyps.

From Corona del Mar, California, 1 mile S. E. of

Newport Harbor entrance and one half mile
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off shore at a depth of 75 feet. Collected by

Willis E. Pequegnat, November 6, 1958. Colony

incrusting the base and lower portions of a

Muricea californica which was attached to a

shale reef.

Paratype, U.S. Nat. Mus. Cat. No. 51055, one

colony of about 20 polyps. From Corona del

Mar, California, one half mile off shore at a

depth of 75 feet. Collected by Willis E. Peque-

gnat, November 6, 1958. Colony incrusting a

piece of shale.

Paratype, U.S. Nat. Mus. Cat. No. 51058, sev-

eral fragments of a colony with a total of about

100 polyps. From l lA miles S. E. of Corona del

Mar, California, at a depth of 75 feet. Collected

by Willis E, Pequegnat, November 26, 1958.

Colony incrusting a piece of shale.

DIAGNOSIS: Colonies large, consisting of nu-

merous, rather widely separated polyps. Coe-

nenchyme moderately thick, incrusting, greatly

expanded and heavily impregnated with fine

sand. Scapus thick-walled, heavily impregnated

FIG. 7. Epizoanthus induratum. Paratype. X 1-5.

with fine sand. Ridges of the scapulus to 22 in

number, indistinct in contracted polyps but

prominent in expanded ones. Tentacles and mes-

enteries to 38 in number. Marginal sphincter

muscle in the mesogloea moderately strong.

Mesogloea thick, with few single cells except in

the actinopharynx, few lacunae, and few or no

cell islets. The species grows principally upon

shale but may occasionally be found on the gor-

gonian Muricea californica, is bioluminescent

and pale salmon in color.

DESCRIPTION: Size. Of large expanded liv-

ing polyps, length 7 mm., diameter of oral disc

6 mm., length of tentacles 7 mm. In a preserved,

semicontracted state the polyps vary in length

and diameter from 1 by 1.5 mm. to 5 by 4 mm.
The holotype colony covers the base ( about 5 by

8 cm.) of a Muricea californica and extends

along several of the main branches of the gor-

gonian for a distance of about 8 cm.

External Aspects. Epizoanthus induratum oc-

curs on shale and the gorgonian Muricea cali-

fornica at 75 feet or more. It is an abundant

species in the Corona del Mar area and has been

observed to form colonies 10 square meters or

more on the shale bottom. The species is firm,

rough to the touch and bioluminescent. Coe-

nenchyme incrusting, moderately thick, very

much expanded, and heavily incrusted with fine

silicious sand. Polyps numerous, those of col-

onies growing upon shale rather widely sepa-

rated one from the other but those of colonies

growing upon gorgonians closer together. Polyps

randomly arranged and unequal in size (small

ones interspersed with large ones ) . Some of the

polyps of the preserved specimens are high and

free while others, presumably more contracted,

scarcely extend above the surrounding coe-

nenchyme ( Fig. 7 ) . Scapus thick-walled, heavily

incrusted with fine silicious sand. Ridges of the

scapulus prominent in expanded polyps but in-

distinct in contracted ones, to 22 in number.

Scapulus devoid of incrustation except for the

ridges which are heavily incrusted. Tentacles

long, to 38 in number. Color in life pale sal-

mon, tentacles unmarked, mouth edged with

white and immediately peripheral to this a ring

of yellow.

Sphincter. Moderately strong, lying in the

outer portion of the mesogloea, broadest in its
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upper part and abruptly tapered below, for the

greater part openly stratified and with large

interstices and thick trabeculae (Fig. 8). Some

of the interstices containing large cells with

eosinophilic granules.

Mesenteries. To 38 in number. In six of the

largest polyps examined the following numbers

of mesenteries were observed, 22 + 16 = 38

(1), 20 + 14 = 34 (1), 19 + 13 = 32 (1),

and 18 + 12 = 30 (3). Retractor muscles of

the macrocnemes very weak, diffuse. Below the

actinopharynx the macrocnemes are borne on

high, longitudinal ridges projecting from the

body wall into the coelenteron (Fig. 9). These

ridges are thickenings in the column wall in-

volving both the mesogloea and entoderm. All

polyps sectioned were male and bore ripe testes.

Actinopharynx. Smooth. Ectoderm with nu-

merous acidophilic and few mucous gland

cells. Siphonoglyph prominent, considerably

longer than the actinopharynx. Hyposulcus in-

distinct, same length as actinopharynx.

Mesogloea. Of the scapus, 30 to 40 times the

thickness of the entoderm, with a few scattered

cells, few lacunae, and few or no cell islets;

densely packed with sand throughout even into

the ridges of the lower column upon which the

macrocnemes are borne. Of the actinopharynx

(siphonoglyph excepted), with rather numer-

ous, large cells having a vacuolated cytoplasm.

Of the oral disc, without cells.

Ectoderm. Of the column, continuous, about

one tenth the thickness of the mesogloea; con-

taining sand, few mucous cells and numerous

acidophilic gland cells. Of the oral disc, with

few or no nematocysts but with numerous aci-

dophilic gland cells especially around the mouth

where the epithelium is unusually high. Among
the acidophilic gland cells are cells (20 by 6 to

7 g) containing nonstaining granules (.75 to

1*5 g)

Entoderm. Without zooxanthellae. Of the

column, with numerous acidophilic gland cells.

Of the actinopharynx and adjacent portions of

macrocnemes, with large cells, similar to those

of the ectoderm, containing large nonstaining

granules.

Cnidom. Spirocysts, of the tentacles, 10 to 12

by 2 g, pyriform, very numerous. Microbasic

b-mastigophores, of the tentacles, 15 by 2.5 to
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Fig. 8. Transverse section of the marginal sphincter

muscle of Epizoanthus induratum. Scale H .10 mm.

3 g, few; of the actinopharynx, 18 to 22 by 3 g,

numerous. Microbasic p-mastigophores, of the

filaments, 15 to 19 by 5 g, numerous. Holotrichs,

of the tentacles, 25 to 30 by 8 to 10 g, nu-

merous; of the column (ectoderm), 20 to 28

by 8 to 10 g, common; of the actinopharynx,

30 by 10 g, few; of the filaments, 30 to 37 by

10 to 11 g, numerous.

DISCUSSION

Epizoanthus induratum is a common species

in the Corona del Mar area at depths of 75 feet

and more. It has been observed to grow upon

shale and the gorgonian Muricea californica but

is more frequently found on the former sub-

strate. Those colonies on Muricea become estab-

lished on the living gorgonian and encroach

upon it in the same manner as has been de-

scribed for Parazoanthus lucipcum. In reference

to the firmness of this new Epizoanthus

,

caused

by the dense incrustation of sand, the Latin ad-
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Fig. 9- Transverse section of a macro- and micro-

cneme of Epizoanthus induratum. The dense incrusta-

tion of the ectoderm and mesogloea has been largely

omitted. Section taken from mid-column. Scale =S

.10 mm.

jective induratum (hardened) has been selected

for the name of the species.

With respect to bioluminescence, E. indura-

tum is not so bright as Parazoanthus lucifcum.

Whereas the source of luminescence in the latter

species could not be determined, in the case of

E. induratum it is very likely associated with

the cells with large nonstaining granules that

occur in the ectoderm around the mouth and in

the entoderm of the actinopharynx and adjacent

portions of the macrocnemes. There is no direct

evidence that these cells are luminous; never-

theless, their distribution in the polyp and the

resemblance they bear to the luminous cells of

Pelagia (Harvey, 1952, fig. 47) strongly sug-

gest they have to do with the light production

observed in the living zoanthid.

Superficially the growth form of E. induratum-

which occurs on Muricea very closely resembles

Parazoanthus lucificum. However, unlike P. luci-

ficum, E. induratum is not slimy and only in-

frequently grows upon gorgonians. Among the

species of Epizoanthus, E. induratum resembles

only E. papillosum of the North Atlantic Ocean

PACIFIC SCIENCE, Vol. XIV, April I960

and then only in certain anatomical features. For

example, the number of mesenteries is the same

in both species; the sphincter muscle in E. in-

duratum, although slightly weaker, is very much
like that of E. papillosum, and in contraction

the sphincter imparts a truncate appearance to

the distal ends of the polyps of both species.

Other features the two species have in common
are few cells and lacunae in the mesogloea, heavy

incrustation of sand, and prominent ridges on

the scapulus. The two species differ chiefly in

growth form and geographical distribution. Al-

though it is conceivable that the same species

might occur in both the North Atlantic and

North Pacific oceans, the predominant habit

of E. papillosum to form carcenoecia or occa-

sionally small, unattached colonies strongly sug-

gest we have to do with two species. In addition,

the nonagreement in size and distribution of

nematocysts, the inconspicuous microcnemes, its

bioluminescence, and the peculiar aggregation

of acidophilic gland cells around the mouth of

E. induratum leaves little doubt that the species

is new.

Undoubtedly occasioned by the scanty ma-
terial available to him, Carlgren, 1951, gives

but a brief description of Epizoanthus gabrieli.

On the basis of his description alone we could

not fully compare E. leptoderma with E. gabrieli

and for this reason felt justified in further dis-

secting and sectioning a part of what remains of

the holotype of E. gabrieli. Through this in-

vestigation we have obtained a little more in-

formation which we would like to offer here

for incorporation with Carlgren’s description

and thus more fully describe and illustrate his

species.

Epizoanthus gabrieli Carlgren

Figs. 10, 11

Epizoanthus gabrieli Carlgren, 1951, p. 438,

pi. 14, fig. 6.

MATERIAL EXAMINED: Holotype, U.S. Nat.

Mus. Cat. No. 49463, one colony of five polyps.

From Gabriel Bay, Espiritu Santo Island, Baja

California. Collected by E. F. Ricketts, April 12,

1940.

Carlgren’s description of E. gabrieli has been

found on re-examination to be accurate in

the main. However, instead of "incrusted with
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grains of sand occupying the main part of the

mesogloea,” we find that the incrustation is

largely in the very thick ectoderm and is only

sparsely present in the mesogloea. This slight

discrepancy is likely due, in Carlgren’s case, to

the incrusting particles being carried into the

mesogloea by a dull knife while sectioning. Al-

though the polyps are small, they have a very

thick column wall. The mesogloea is about five

times as thick as the entoderm, and in turn the

ectoderm is about two times as thick as the

mesogloea.

The description of the sphincter muscle given

by Carlgren, "strong, broad, transversely strati-

fied,” refers to the upper part only. He fails to

mention that the sphincter tapers gradually to

FIG. 10. Transverse section of the marginal sphinc-

ter muscle of Epizoanthus gabrieli. The higher epi-

thelium is entoderm. Scale M .10 mm.

Fig. 11. Transverse section of a macro- and micro-

cneme of Epizoanthus gabrieli. The large space in the

column mesogloea is an artifact. Section taken from
mid-column. Scale = .10 mm.

a long tail which is more alveolar than stratified

(Fig. 10).

The mesenteries of the polyp cut by Carlgren

number 30, but a second and slightly smaller

one sectioned by us had 28. The mesogloeal

lamellae of the mesenteries of E. grabrieli are

greatly thickened near their attachment to the

column wall ( Fig. 1 1 ) . In the case of the macro-

cnemes, the thickened portion extends about

half way to the filamental edge. The micro-

cnemes, on the other hand, because they do not

bear filaments, are entirely thick. In section, the

microcnemes are about half the length of the

thickened portion of the macrocnemes. The
mesogloea of the thickened parts of the mesen-

teries has much the same appearance as that of

the column. The retractor muscles of the mes-

enteries are very weak.
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Notes on Ecology, Distribution, and Systematics of

Pelagic Tunicata from New Zealand

B. M. Bary1

The Copelata and Cyclomyaria appear to

be the only groups among pelagic tunicates to

have been directly reported on for New Zealand,

the former by Garstang and Georgeson (1935)

and the latter by Garstang (1933). These re-

ports resulted from collections of the "Terra

Nova” Expedition. Thompson ( 1948) in a com-

prehensive treatise on "Pelagic Tunicates of

Australia” refers only occasionally to New Zea-

land species.

Samples were collected from H.M.N.Z.S.

"Lachlan” (Bary, 1956) to the south and east

of New Zealand. Oikopleura fusiformis was cap-

tured mainly from cooler oceanic waters and is

a new record for New Zealand. 0 . dioica oc-

curred infrequently in warm coastal waters.

Gonozooids and phorozooids of Doliolum (Do-

lioletta) valdiviae were obtained, and the "old

nurse” stage is believed to have been identified.

The remaining two orders, Pyrosomida and Des-

momyaria, were also represented. Pyrosoma at -

lanticum was very abundant, especially in March

and April, and P. spinosum was collected once

as an incomplete colony. Both are apparently

new records for New Zealand, and, in the case

of P. spinosum

,

for Australia and the South

Pacific as well (Metcalf and Hopkins, 1919;

Thompson, 1948; Sewell, 1953). Of the five

species of Salpidae ( O. Desmomyaria ) collected

lasts zonaria was rare; Thalia democratica was

present at a few stations, but in very large num-
bers; one specimen of Pegea confoederata was

captured; Salpa fusiformis f. aspera was com-

mon, and Ihlea magalhanica was very common.

MATERIALS AND METHODS

These have been detailed elsewhere (Bary,

1956, and 1959^ 1959$). Briefly, collections

1
N. Z. Defence Scientific Corps, c/o Navy Office,

Wellington, N. Z. Now at Institute of Oceanography,
University of British Columbia, Vancouver, Canada.

Manuscript received April 8, 1958.

were made in near and offshore waters to the

east and south of South Island, New Zealand

(January to March, 1951) and southward to

Auckland and Campbell islands (November,

1951) from H.M.N.Z.S. "Lachlan,” a naval

frigate on surveying duties. Tows, made pre-

dominantly in the surface layer (there were a

few oblique tows), were of 3 minutes’ duration

at IV2 to 2 kt. with a net of 50 cm. diameter

constructed with graded silks. Procedure was

standardised and some quantitative analyses

have been made. Surface temperatures were

taken and salinities were determined for many
of the plankton stations, and at other locations

as well.

Temperature-Salinity-Plankton diagrams are

again utilised (Bary, 1959^; 1959$) and they

assist with the interpretation of the origins and

distribution of species.

Previous Records from New Zealand

Four species of Copelata and four species of

Cyclomyaria have been reported from the Terra

Nova collections, made in the vicinity of Three

Kings Islands, northern New Zealand. These

are: Oikopleura longicauda Vogt, O, rufescens

Fol, O. dioica Fol, Stegosoma conogaster Gar-

stang and Georgeson, Doliolum denticulatum

Quoy and Gaimard, Dolioletta gegenbauri Ul-

janin, Doliolina mulleri Krohn, and Dolioletta

mirabilis ( Korotneff )

.

Other species were collected by "Terra Nova”
to the south of New Zealand. It is possible that

these may extend northwards towards southern

New Zealand either in subantarctic water or

the deep Antarctic Intermediate water whence

upwelling might bring them to the surface.

These species and the regions from which they

were collected are: Oikopleura valdiviae

,

from
64°-72° S., common; Folia gigas, Antarctic,

rare; Pelagopleura magna, Antarctic (71° S.),

rare; and Doliolina intermedium var. resistible

Neumann, Antarctic, rare. Thompson (1948)

101
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records five of the Terra Nova species from

southeastern Australian waters, namely, O. rfi-

fescens, 0. dioica, O. longicauda, Dolioletta

gegenbauri, and Dolioluwi denticulatum . Thus,

of the eight species recorded from the vicinity

of New Zealand, two, D. mulleri and D. mira-

hilis, have not been recorded from Australia.

The remainder are widespread in tropical and

subtropical waters, and are common to the two

countries.

The majority of tows of this present survey

were in water of subantarctic origin in which

fewer species occur (Thompson, 1942, 1948).

However, further investigations in this water

and a survey to the north of the subtropical

convergence could not fail to be rewarding.

OBSERVATIONS ON SYSTEMATICS OF SPECIES

There is a long list of published literature on

the complex systematics of the pelagic tunicata,

and the following are representative: Ritter

(1905), Salps, Doliolids, and Pyrosoma; Ritter

and Byxbee (1905), Salps, Appendicularia,

Pyrosoma; Aida (1907), Copelata; Metcalf

(1918) ,
Salpidae; Metcalf and Hopkins (1919),

Pyrosoma; Essenberg ( 192.6*), Copelata; Gar-

stang (1933), Doliolids; Garstang and George-

son (1935), Copelata; Thompson (1948),

Sewell (1953), Copelata, Pyrosoma, Salpidae,

and Doliolida. For bibliographies on each group,

see Thompson (1948) and Sewell (1953). In

view of these extensive works only brief notes

are provided for most species in the following

account, and only that literature actually cited is

appended to the species.

Class I: COPELATA
Family OIKOPLEURIDAE
Genus Oikopleura Mertens

Oikopleura fusiformis Fob

Oikopleura fusiformis Aida, 1907; Essenberg,

1926*/ Tokioka, 1940; Thompson, 1948

Over 4,000 specimens were collected from 10

hauls between Station 921 (51° 41' S.) and the

south of Cook Strait (43° 15' S.), in January,

1951.

Characteristic features of the species are the

long, slender fusiform body (Fig. 1) with

straight, flat dorsal contour, and the long nar-

row tail without subchordal cells.

Specimens from four stations were measured

and the data are presented in Table 1.

Sizes and ratios of the New Zealand speci-

mens are similar to those given by, for example,

Essenberg (1926*) for California, Russell and

Colman ( 1935 ) for the Great Barrier Reef, and

Thompson (1948) for southeast Australian

waters (see Table 2 )

.

Tokioka (1940: 2-3) briefly discusses and

illustrates the considerable variability of shape

in the blind-sac of the left stomach. Similar

variations appear characteristic of this organ in

the New Zealand material.

A feature of New Zealand specimens was the

high proportion (in some catches all) of speci-

mens without the oikoplast epithelium. Whether

the epithelium usually is sloughed, along with

the throwing off of the "house,” when specimens

are captured, is not made dear by Essenberg

(1926b) in his discussion of the disintegration

and decay of specimens. It is not invariably so,

however, as on several occasions specimens

without the house, but with the oikoplast epi-

thelium intact, were collected.

Oikopleura dioica Fob

Oikopleura dioica Aida, 1907; Essenberg, 1926*;

Tokioka, 1940; Thompson, 1948

Specimens were collected from six stations,

but occurrences were spasmodic. Stations 12, 21,

32, 40, and 48 (numbers collected were esti-

mated) constituted a continuous series of catches

in early January in coastal waters.

FIG. 1. Oikopleura fusiformis

,

a mature specimen

of 0.9 mm. body length.
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TABLE 1

The Ranges and the Ratios of the Lengths of Body and Tail of Oikopleura fusiformis from
New Zealand

LENGTHS (MM.)
STATION

NO.
Body Tail

RATIOS, BODY TO TAIL

Maximum Minimum Maximum Minimum Maximum Minimum Average

32 1.2 0.8 4.3 3.5 3.6 4.4 4.0

153 1.1 — 4.1 — 3.7 — 3.7

171 1.1 0.3 4.8 1.4 4.4 4.6 4.5

178 1.4 0.4 4.5 2.0 3.2 5.0 4.1

Averages 3.7 4.7 4.1

Oikopleura dioica (Fig. 2) is the only species

so far described as being unisexual. This, to-

gether with a long tail with two subchordal cells,

stout trunk, a characteristic posteroventral blind-

sac to the right stomach, but absence of blind-

sac on the left stomach, are features of diag-

nostic value ( see Table 3 )

.

Aida ( 1907 )
gives the body length of his

largest specimen as 1111 p ,
and the tail length

as 3888 p, i.e., a ratio of body to tail of 3.5;

Essenberg ( 1926^) states that the body length

ranges from 0.5 to over 1 mm., and that the tail

is "about four times the length of the trunk.”

Thompson (1948) gives measurements of 0.3

to 1.2 mm. body length, 1.4-4.0 mm. tail length,

the ratios of body to tail length being 4.7 and

3.3 respectively. Thus the New Zealand material

corresponds well with that from elsewhere (ex-

cepting the ratio of 1:7.0 obtained for a small

specimen with an abnormally long tail, captured

at Station 12).

Class II: ACOPA (CADUCICHORDATA)
Subclass THALIACEAE
Order PYROSOMIDA

Family PYROSOMATIDAE
Genus Pyrosoma Peron

A detailed study of Pyrosoma by Metcalf and

Hopkins (1919) is summarised and applied

to Australian material by Thompson (1948).
Sewell ( 1953 ) critically analyses these and other

studies of the genus, and shows that many
species and subspecies previously recognised are

but growth stages of a relatively small number
of species.

Two species were present in the New Zealand

material. One damaged specimen of P. spinosum

was collected at Station 326; P. atlanticum oc-

curred between Cook Strait and southern New
Zealand, sometimes in very large numbers.

Pyrosoma atlanticum (Peron)

Pyrosoma atlanticum Metcalf and Hopkins,

1919; Thompson, 1948; Sewell, 1953

Specimens from the tetrazooid to colonies

40 cm. long were present in moderate numbers,

from the beginning of February. In March,

and especially in April (collections partially

FIG. 2. Oikopleura dioica, a mature male of 1.1

mm. body length.
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FIG. 3. Pyrosoma spinosum, an individual zooid of 7.0 mm. length.

analysed ) very many thousands occurred off

Dunedin and at several localities northwards of

Dunedin.

In what proportions the Pyrosoma population

should be divided between this, and the next

species ( P . spinosum ) is not known. Thirty

specimens, between the tetrazooid and large

colonies, randomly selected from a number of

samples, were closely examined and found to be

P. atlanticum. And of many hundreds handled,

only the one colony of P. spinosum was detected.

P. atlanticum is therefore believed to predomi-

nate by a large majority.

Pyrosoma spinosum Herdman

Pyrosoma spinosum Herdman, 1888; Metcalf

and Hopkins, 1919; Thompson, 1948; Ber-

rill, 1950; Sewell, 1953

One colony secured at Station 326 constitutes

a new record for New Zealand and Australia.

The zooid illustrated (Fig. 3) is 7 mm. ex-

treme length. It possessed 23 gill bars, 35 rows

of stigmata, and 9 languets, thus agreeing rea-

sonably with numbers given by Sewell (1953)

for a zooid of P. spinosum of 6.9 mm. (29-30

gill bars, 40 stigmata, and 6-8 languets ) . There

is agreement with other accounts in respect of

the position of the anterior light organs; in the

number of atrial and cloacal tentacles and their

positions; the ventrally split cloacal aperture;

the dorsad curvature of the anterior part of the

endostyle; in the posteriorly located languets;

and in general shape and proportions.

Sewell discusses a "renniform body,” orig-

inally reported by Metcalf and Hopkins ( 1919)

,

and present in a sac situated in the test wall

a little posteroventrally to the anus. From its

similar location to the cyathozooid in P. at-

lanticum Sewell concludes this body is an early

stage of a cyathozooid. He mentions that when
this organ is present there is no trace of a testis.

A "renniform body” was not identified for

certain in the New Zealand material. However,

a small granular body appeared to be situated

in the test wall, in the position described for

the "renniform body.” That this may have been

Sewell’s developing cyathozooid is suggested by

this location, and the fact that no testis was

present in the zooids examined.

Order CYCLOMYARIA
Family DOLIOLIDAE

Genus Dolioletta Borgert

Dolioletta valdiviae Neumann

Dolioletta valdiviae Garstang, 1933

The majority of specimens were collected at

Stations 74-85; a few occurred subsequently at

Stations 109, 124, and 178.

GONOZOOID: Length, 2.0 to 8.2 mm. (Figs. 4,

5,6).

There are 26 dorsal and 15 ventral lamellae

in the gill septum. The dorsal septum extends

from about M.3V3 to M.6, and occasionally to

M.6)4; the ventral septum extends forward to

M.5. M.6 is of normal width dorsally and
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TABLE 2

The Ranges and the Ratios of the Lengths of Body and Tail Recorded for Oikopleura fusiformis

from Elsewhere in the Pacific Ocean than New Zealand

LENGTHS RATIOS, BODY TO TAIL

AUTHOR Body Tail
LENGTH

Maximum Minimum Maximum Minimum Maximum Minimum Average

Thompson
Russeil and

1.4 0.4 5.0 2.0 3.6 5 4.3

Colman — — — — — 4

Essenberg 1.1 0.75 3.8 3.7 3.4 5.1 4.25

laterally, but narrows appreciably ventrally. The

intestine forms a loose dextral coil; the anus is

usually in a median position, but may be dis-

placed slightly dorsally and to the right; the

anus and the coil of the intestine lie between

M.6 and M.7. The testis is coiled; it commences

near the ovary, situated posterodorsally to the

coil of intestine, runs forward to about M.5V4
on the left side, then loops back and curves be-

hind and above the intestine, ending towards

the right side where it is usually slightly en-

larged. The endostyle runs from M.2p2 to

M.4p2-434. The nerve ganglion is situated at

M.31/3.

PHOROZOOID : Similar to the gonozooid in ap-

pearance and size ( Fig. 7 ) . It is without gonads

and possesses a median posteroventral process

between M.7 and M.8 which receives muscle

slips from M.7.

Garstang (1933) suggests that D. valdiviae

may be a form of D. mirabilis ( Korotneff ) . He
supports this with argument concerning de-

velopmental trends in the location of the testis

and branchial septa relative to muscle bands.

Fig. 4. Doliolum (Dolioletta) valdiviae, diagram of

the gonozooid to illustrate the chief diagnostic fea-

tures. Ml to M8, body muscles.

He says (p. 204) that "There is ... a possi-

bility . . . that the 'Specific’ differences in the

limiting attachments of the gill septum [be-

tween each of several pairs of species} are ulti-

mately matters of differential growth rates and

doubtless modifiable by nutrition, temperature,

and similar environmental factors, as in other

cases.” Nevertheless he distinguishes D. valdi-

viae from D. mirabilis ( = chuni) by the dif-

ferent positions of attachment of the ventral

septum and the extension behind M.6 of the

septum, together with the length of the endo-

style and the coiling of the testis ( see Garstang,

p. 216, fig. 5), and the fact that in D. mirabilis

M.6 is incomplete ventrally, which is "without

precedent” (p. 221). Sewell (1953: 53) re-

gards the two gonozooids he collected as com-

bining certain characters of both D. valdiviae

and D. mirabilis: "In the length of the endostyle

and the interrupted Vlth body muscle, they con-

form to D. mirabilis, but the position and ar-

rangement of the testis comes more nearly into

line with the description of D. valdiviae. The
ending of the gill lamella ventrally at the Vth

muscle band agrees with D. valdiviae, whereas

in D. mirabilis it is continued forward to the

level of the IVth body muscle.” He inclines to

FIG. 5. Dolioletta valdiviae, gonozooid of 3-9 mm.
length.
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Fig. 6. Dolioletta valdiviae, ventral view of gut and

gonads of gonozooid. M4 to M7, body muscles.

the belief that D. valdiviae may be a form of

D. mirabilis.

From Sewell’s account, it would seem that the

"position and arrangement of the testis” is the

only character preventing him from identifying

his specimens as D. mirabilis. Garstang has dis-

cussed testis growth and the considerable varia-

tions in its shape and position resulting from

differences in the reaction to muscle bands of

its anterior termination. This applies especially

in D. denticulatum, but also in D. gegenbauri

and D. tritonis. The growth of the testis in

these species, he states, is parietal, which in-

volves penetration in the body wall between the

pharyngeal epithelium and successive muscle

bands: the connections of muscles to the pharyn-

geal epithelium constitute definite obstacles to

advance. An obstinate barrier to penetration

may cause the terminal portion to loop back or

otherwise alter direction. Of mirabilis, Garstang

says, the testis begins as a parietal organ while

in valdiviae it does not. It is possible, therefore,

that Sewell’s specimens demonstrate an abnor-

mal condition of the testis, due to some check

during growth, with a consequent similarity to

the testis of valdiviae. It would seem, otherwise,

that the specimens are mirabilis. Nevertheless,

as Garstang says (p. 219), "An origin of val-

diviae from mirabilis by a precocious differentia-

tion of connective tissues impeding the advance

of the gill septum and the parietal growth of

the testis is still conceivable.”

The New Zealand material agrees with Gar-

stang’s account of D. valdiviae in possessing an

entire, but narrowed M.6 (Fig. 7) and in the

coiling of the testis about the intestine. On the

other hand, Garstang illustrates the dorsal sep-

tum extending to M.6V2 and the endostyle al-

most from M.2 to close to M.5, whereas in the

New Zealand material the septum usually ex-

tended only to M.6 (once to M.GVa ) and

the endostyle between M.2 XZ> to M.4V2-M.444
(Figs. 4, 5). Although these two features bear

more similarity to D. mirabilis, Garstang has

pointed out (pp. 204, 217) that variation in

the extent of both organs does occur and con-

sequently they may not be important to the

proposition that the New Zealand material is

D. valdiviae.

OLD NURSE STAGE: Garstang (1933) success-

fully differentiates between the "nurse” stages of

D. gegenbauri and D. mulleri by comparison of

the proportional widths of the individual muscle

bands when the width of each band is expressed

as a percentage of the total muscle width. He
finds that in D. gegenbauri, M.3 and M.4 domi-

nate (with M.3 of slightly higher percentage

width than M.4), and in D. mulleri, M.4 and

M.5 are dominant. The distinctions were valid

TABLE 3

The Ranges and the Ratios of the Lengths of Body and Tail of
Oikopleura dioica FROM NEW ZEALAND

LENGTHS (MM.) RATIOS, BODY TO TAIL
STATION

NO.
Body Tail LENGTH

Maximum Minimum Maximum Minimum Maximum Minimum Average

12 1.1 0.5 3.8 3.4 3.75 7.0 5.4

32 0.9 0.7 3.9 3.1 4.3 4.4 4.35

40 1.4 1.0 5.1 3.6 3.7 3.6 3.65

Averages 3.9 5.0 4.5
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TABLE 4

Widths of M2 to M8 Expressed as Percentage of Total Muscle Width in

"Old Nurses” from New Zealand

LENGTH OF
SPECIMEN

TOTAL
MUSCLE

WIDTH OF MUSCLES AS PERCENTAGES OF TOTAL MUSCLE

mm . mm . M2 M3 M4 M5 M6 M7 M8

9.8 7.3 12.3 19-2 17.8 15.1 13.7 12.3 9.6

10.0 9-9 12.7 17.9 18.9 15.2 13.8 11.4 10.1

10.5 7.7 14.3 18.2 16.9 15.6 15.6 11.6 7.8

10.6 6.9 14.5 17.4 17.4 15.8 14.5 13.1 7.3

11.0 8.1 12.3 19.9 18.6 16.1 13.3 12.3 7.5

12.0 9.7 14.5 20.6 18.5 13.4 12.4 11.4 9.2

13.5 11.5 16.5 17.3 17.4 15.7 13.9 10.5 8.7

13.8 12.1 14.8 19.0 16.5 15.7 13.2 12.5 8.3

15.4 13.6 13.8 21.3 16.8 14.6 13.8 12.4 7.3

17.5 12.0 15.8 17.5 17.5 15.9 12.5 12.5 8.3

21.0 17.7 13.0 19.3 17.7 16.5 15.3 11.9 6.3

22.0 16.4 13.4 18.3 18.3 14.0 14.0 12.2 9.8

23.0 17.4 13.8 17.2 17.1 16.7 14.4 14.4 6.4

28.0 18.6 14.7 16.7 17.6 16.4 14.6 13.4 6.6

29.0 15.75 14.5 18.4 18.5 14.5 13.5 12.9 7.7

33.5 24.05 12.6 19.6 17.1 15.9 14.7 12.6 7.5

Averages 14.0 18.6 17.7 15.4 14.0 12.3 8.0

for specimens from all areas sampled, including

New Zealand.

Old nurse stages (Fig. 8) occurred in the

present material along with the gonozooids and

phorozooids of Dol. valdiviae. Application of

Garstang’s method to specimens indicates there

is affinity to the
t(

gegenbauri type.” Consistent

differences from his material were evident, how-

ever, in the percentage widths of M.2, and M.6
to M.8, relative to the widths of M.3 and M.4,

see Tables 4 and 5. Table 4 presents data from

Lachlan material, and Table 5, from Garstang,

for D. gegenbauri. As M.l and M.9 were dif-

ficult to measure accurately because of variability

in the state of contraction, and also were fre-

quently damaged, they are omitted. The omis-

sion is scarcely significant, amounting in all to

some 2-3 per cent (Garstang, p. 234), and does

not account for the differences between the two

groups of specimens.

In Lachlan material, M.2 averages 3.7 higher

than in D. gegenbauri, M.3 and M.4 are respec-

tively 1.0 and 0.7 lower, M.5 about the same,

M.6 somewhat lower, but M.7 shows an increase

of 1.2 and M.8 an increase of 2.4. Thus the

New Zealand specimens are distinguishable by

the greater proportional widths of M.2, M.7 and

M.8 relative to M.3 and M.4.

TABLE 5

Widths of Individual Muscles as a Percentage of Total Muscle Width, for
"Old Nurses” of D. gegenbauri (from Garstang)

LENGTH MUSCLE WIDTH OF MUSCLES AS PERCENTAGES OF TOTAL MUSCLES

mm . mm . Ml

3- 9 — 4.0

2- 6 — 1.8

6-18 — 2.7

6- 7 5.1 2.6

9-15 10.3 2.8

17-18 14.7 2.5

2.7

M2 M3 M4 M5

9.6 18.1 17.8 15.2

9.9 18.3 18.3 16.2

10.6 20.3 18.6 15.1

10.5 19.7 18.3 15.1

10.8 20.6 18.5 15.1

10.7 20.5 18.9 15.1

10.3 19.6 18.4 15.3

M6 M7 M8 M9

14.2 11.2 6.3 3.4

14.9 12.0 6.2 2.4

14.1 10.7 5.2 2.8

13.8 11.4 5.6 3.0

14.1 10.4 5.2 2.7

14.2 10.7 4.7 2.6

14.2 11.1 5.6 2.8Averages
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Fig. 7. Dolioletta valdiviae, stomach, intestine and

ventral process of phorozooid.

For the specific distinctions to be maintained,

reliance is being placed on differences of pro-

portional widths of muscle bands. It is probable

that the amphiclinous condition with the myo-

plane ( Garstang’s terminology) between M.3

and M.4 would persist among other species of

a particular subgenus (in this instance Dolio-

letta ); and, within the condition imposed by

this, it is probable also that species may be dis-

tinguishable by differences in the proportional

widths of muscle bands, much as different rela-

tive widths of muscles, combined with a change

in position of the myoplane, occurs between

Dolioletta and Doliolina.

The occurrence together of "old nurses,”

gonozooids, and phorozooids does not necessar-

ily constitute evidence of identity. However, the

"old nurses” from New Zealand consistently

differ from those of a second species in the sub-

genus, and it is reasonable to suppose in the

absence of other Doliolids, that the nurses,

gonozooids, and phorozooids belong together. It

is proposed that they be considered as those of

Dolioletta valdiviae.

Garstang has been concerned that specimens

from the area of the Benguela Current which he

called D. valdiviae might be traceable to "Some

'abnormality’ of growth conditions . .
.” and that

"the whole of the valdiviae stock may have been

the produce of a single swarm of nurses reared

under peculiar conditions of temperature and

food supply.” With the finding of specimens

from New Zealand similar to those Garstang

discusses, this possibility is reduced. That closely

similar conditions of temperature and food sup-

ply prevailed in the two regions, and that re-

actions to these of the produce of some old

nurses were the same, while not impossible, is

unlikely.

Order DESMOMYARIA
Family SALPIDAE

Genus Iasis (Lahille)

Iasis zonaria (Pallas)

Salpa nitida Herdman, 1888

Salpa zonaria cordiformis Ritter, 1905

Salpa zonaria Metcalf, 1918; Thompson, 1948;

Sewell, 1953

Fourteen specimens were collected from five

stations, between Cook Strait (January) and

Station 826, in the subantarctic.

Metcalf (1918) and Thompson (1948) de-

scribe and discuss this species at length. Figures

9 and 10 indicate the chief diagnostic features

of the solitary and aggregate forms. As well, in

solitary forms, the test is rigid, the muscles are

broad and interrupted ventrally, and the body is

symmetrical. In aggregate forms, the test is

rigid, the muscles are widely interrupted ven-

trally, and the body is asymmetrical. Often one

or more embryos are contained within the body.

The largest specimen was 63 mm. long, the

smallest, 29 mm.

Genus Thalia Blumenbach

Thalia democratica Forskal

Thalia democratica mucronata Herdman, 1888

FIG. 8. The proposed "old nurse” of Dolioletta val-

diviae, a 29 mm. specimen.



Pelagic Tunicata-—

B

ary 109

FIGS. 9, 10. lash zonaria
,

solitary and aggregate

forms.

Salpa democratica mucronata Ritter, 1905; Rit-

ter and Byxbee, 1905

Thalia democratica Metcalf, 1918; Thompson,

1948; Sewell, 1953

Initial collections of several hundred speci-

mens were made at Stations 292, 301, and 304.

Twelve days later, many thousands were col-

lected from Stations 322 and 326, south of

Cook Strait, in both surface and oblique tows.

The test is thickened, and often with protu-

berances. In solitary forms (Fig. 11) the muscles

are continuous ventrally. Posteriorly the test

protrudes in two long (up to the length of the

body) and several smaller processes. In aggre-

gate forms (Fig. 12) the test is greatly thick-

ened, and with intruding tubular processes. The

muscles are widely interrupted ventrally.

Solitary forms (including processes) ranged

from 9.5 to 27.0 mm., and aggregate forms,

from 4 to 16.5 mm. in length. Among the ag-

gregate forms, an estimated 4 per cent pos-

sessed tests up to four times thicker than usual

which made the body large and almost spherical.

Genus PEGEA Savigny

Pegea confoederata Forskal

Salpa quadrata Herdman, 1888

Salpa confoederata scutigera Ritter, 1905; Rit-

ter and Byxbee, 1905

Pegea confoederata Metcalf, 1918; Dakin and

Colefax, 1940; Fraser, 1947; Thompson, 1948;

Sewell, 1953

One specimen, a solitary form (Fig. 13) oc-

curred in an oblique ( 100-0 m.) haul at Station

326.

The specimen was approximately 35 mm.
long, but was somewhat damaged anteriorly.

The test is fairly rigid, especially in the portion

about the alimentary "nucleus.” Four dorsal

muscles are arranged in two pairs, forming

"X’s”; neither pair reaches the lateral margins

of body. Ventral muscles are absent.

It is perhaps unusual that the only specimen

captured should be the solitary form when it is

recorded as rarer than the aggregate form (Rit-

ter, 1905; Ritter and Byxbee, 1905; Metcalf,

1918; Thompson, 1948). Sewell, on the other-

hand, saw numerous solitary forms in the Gulf of

Aden and indicates they were probably brought

to the surface from deeper water by upwelling.

The species is a warm water one (Thompson,

Sewell) and occurred together with subtropical

Copepoda, e.g., Sapphirina spp. in the Mew Zea-

land sample.

Genus Salpa Forskal

Salpa fusiformis f. aspera Chamisso

Salpa echinata Herdman, 1888

Salpa fusiformis f. echinata Ritter, 1905

Salpa fusiformis f. aspera Metcalf, 1918; Thomp-
son, 1948

FIGS. 11, 12. Thalia democratica
,
solitary and ag-

gregate forms.
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A total of 463 specimens, of which 300 oc-

curred at Station 826, were collected from eight

stations between Cook Strait (January, 1951)

and the subantarctic.

Figures 14 and 15 illustrate the chief features

of the species. In the solitary form (Fig. 14)

the test is flaccid anteriorly, more rigid pos-

teriorly and with several short projections. Body

muscles I—III and VIII-IX are in contact dor-

sally, the remainder are parallel. In the aggre-

gate form (Fig. 15) the test is more or less

rigid, with elongate anterior and posterior proc-

esses. Body muscles I-IV are in contact dorsally,

and IV-V laterally.

The f. aspera is distinguished from fusiformis

s. sir. by the ridged and spinose character of the

test and processes, although on some specimens

it is inconspicuous, and they could readily be

mistaken for smooth forms.

Only specimens of f. aspera were collected

by the "Lachlan.”

FIGS. 14, 15. Salpa fusiformis f. aspera, solitary and
aggregate forms.

FIGS. 16, 17. Ihlea magalhanica, solitary and aggre-

gate forms.

Genus Ihlea Metcalf

Ihlea magalhanica Apstein

Ihlea magalhanica Thompson, 1948

Specimens were common in the shallow

waters of Foveaux Strait and northward to

Dunedin; a few occurred at Station 326, south

of Cook Strait.

The test is flaccid in both forms. The solitary

form (Fig. 16) has a stout, conical process

posteriorly on the test. There are seven body

muscles. M.I-MiV touch, but do not fuse, dor-

sally and ventrally; M.IV and V touch laterally

and V and VI dorsally. The test of the aggregate

form (Fig. 17) has a short anterior and longer

posterior process, and the body Is decidedly

asymmetrical. There are five body muscles.

M.I-III touch dorsally and Mill and IV almost

touch dorsolaterally; Mil and III, III and IV,

IV and V are connected medioventrally by anas-

tomoses; M.V is incomplete ventrally.

DISTRIBUTION AND ECOLOGY OF SPECIES

Oikoplema fusiformis

Oikopleura fusiformis is usually described as

inhabiting warm, oceanic waters, although ac-

cording to Thompson (1948), Lohmann ob-

tained it in Plankton-Expedition samples from

waters of 3 to 37.4 0
/0 o salinity, and tem-

peratures of 9-3° to 29-5° C. The salinity range

of Lachlan material (Fig. 22) is 34.15 to

34.63 °/oo* The lowest temperature at which
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FIG. 18. Occurrences and distribution of pelagic tunicates, in relation to temperature, about southeastern

New Zealand, a—c, Salpidae; e—f, other tunicates.

specimens were collected was 8.2 °C. at Station

921, which is 1.1° C. lower than given by

Thompson. As all the specimens were disin-

tegrating (Essenberg, 1926b) it is possible that

they had been carried into water below the

lower limits of the temperature tolerance of the

species.

The infrequent and sporadic occurrences of

the species preclude a completed picture of local

distribution. The charts in Figures 18 and 19

suggest it is being transported into coastal areas

in intruding oceanic waters of subantarctic

origin. Tokioka (1940) regards it as "this pure

oceanic form,” and the plot of its occurrence
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against temperature and salinity (Fig. 22) bears

this out. Over-all occurrences conform to the

area of chief concentration being coincident

with that of the "Southern” Subantarctic species

(Fig. 20), but on the other hand, highest num-

bers were present in the area of the "Northern”

Subantarctic species. The narrow limits of salin-

ity (34.15 to 34.63 °/oo) in which it is present

are within those of subantarctic water (Dea-

con 1937). The temperature range of 8.2° to

14.5° C. is indicative of some degree of toler-

ance, but it would appear that specimens are

being carried into the warmer coastal waters

(e.g., Stations 330
, 304) in water of subantarctic

origin. The very numerous specimens at Station

178 are in coastal water, but evidence from oc-

currences of other species suggests that mixing

may have taken place in this vicinity at an

earlier time. Specimens possibly are resident in

the subantarctic water (compare Thysanoessa

gregaria; Bary, 1959^) which would extend the

usual "warm-water” habitat to include a "cool-

water” habitat about southern New Zealand. On
the other hand, the species may have been car-

ried southward from warmer northern waters,

e.g., from the Tasman Sea. The disintegrating

specimens from Station 921 lend support to

such a suggestion.

Oikopleura dioica

O. dioica usually inhabits mixed, tropical and

warm waters, but prefers coastal areas to the

open ocean (Essenberg, 1926a: 486; Thomp-
son, 1948: 39). The few occurrences in Lachlan

samples also indicate adherence to coastal waters

(Fig. 18^, and see Bary, 1959^). Temperatures

are usually higher than for O. fusiformis (Fig.

22). It is believed that when O. dioica was col-

lected with O. fusiformis (Stations 79, 330)

(or when it occurred in water of similar prop-

erties to that from which O. fusiformis was

captured) it was the result of coastal water hav-

ing become mixed with water of subantarctic

origin.

For neither O. dioica nor O. fusiformis from

New Zealand is there enough information to

show whether there is variation of numbers dur-

ing January, February, and March, nor whether

their distributions are related to the depth of

water as one proceeds offshore (Bary, 1959h)

.

Pyrosoma spp.

Very extensive shoals of Pyrosoma, almost

entirely P. atlanticum, were encountered be-

tween 10 and 20 miles seawards from Dunedin

in late March and during April, 1951. Almost

all specimens were aggregated into long lanes,

or smaller or larger patches (Bary, 1953).

Patches and lanes might occur over an extensive

area at the surface, but when proceeding through

a particular concentration, the colonies were

seen to become progressively deeper in the

water, eventually passing from sight. Oblique

tows consistently collected large numbers, how-

ever, which suggests that the concentrations of

specimens continued at depth. Such a vertical

and horizontal distribution bears a striking re-

semblance to the hypothetical distribution of

swarms of salps proposed by Hardy (1936: 519,

fig. 7), and is of interest in relation to Sewells

(1953: 85) comment that P. atlanticum is "most

common at some depth below the surface.”

The concentrations continued over several days,

sometimes a number being present, at others,

only one or two. Similar large shoals have been

reported on several occasions from about Cook

Strait. It is possible therefore they are a regular

summer feature, at least along the eastern South

Island coast.

The stomach contents of two fish, Blue Cod
and Hapuku ( Parapercis colias and Polyprion

oxygeneios)
,
caught by hand line off Stewart

Island in February, confirmed fishermens re-

ports that Pyrosoma (the so-called "jelly” or

"oatmeal”) was common in late summer and

autumn, to the extent that their catches were

often depleted through the fish "being overfed

and not biting.” Of several hundred cod stom-

achs examined all but a few contained Pyrosoma,

to about 8 cm. long. The colonies therefore

must be counted as an important, although only

seasonally abundant, fish food in this area. Off

Dunedin, very large shoals of fish were present

at the surface among the Pyrosoma aggregations,

but it could not be verified that Pyrosoma was

in fact being taken as food.

Fig. 19- Occurrences and distribution of pelagic tunicates in relation to temperature, between Wellington
and the Auckland-Campbell Islands, New Zealand.
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Charts of the occurrences of P. atlanticum

(Fig. 18f-h) indicate that it may be entering

coastal areas in water of subantarctic origin, but

when plotted against salinity and temperature

(Fig. 22) the collections are seen to occur in-

discriminately in coastal and "Northern” Sub-

antarctic waters. Specimens were also collected

from stations near Station 826 (not recorded

herein) in the subantarctic. Such occurrences

agree with Sewell (1953: 85) who says that

P. atlanticum is common throughout the oceans

between temperatures of 7° and 30° C.

Doliolum (Dolioletta ) valdiviae

Dolioletta valdiviae was present in that part

of Foveaux Strait (Fig. 18^, /) in which coastal

water is believed to be most directly influenced

by water of subtropical origin (Bary, 1959^)

.

Its few occurrences when plotted against salinity

and temperature (Fig. 22) are in the warmest

water, which together with its absence from

samples elsewhere about southern New Zealand,

suggest a warm-water origin for the species.

More data on occurrences of the species about

New Zealand and information on its distribu-

tion elsewhere are needed.

Iasis zonaria

This is a widely distributed species which

Sewell (1953) regards as being carried from

tropical to colder waters by currents. However,

Thompson (1948) believes the species is more

usually found in the deeper, colder waters in

tropical or subtropical regions. It was plentiful

off southeastern Australia (Thompson), but was

commonest from the temperate waters of the

Tasmanian area. In each year from 1939 to 1941

it decreased towards the north and this was in-

terpreted as resulting from the increasing effects

of subtropical conditions northwards. Russell

and Colman (1935) recorded one specimen of

the solitary form from 200 m. outside the Bar-

rier Reef; Dakin and Colefax (1940) recorded

specimens for September only, which is in

agreement with Thompson’s statement that

the period of greatest abundance is in the

spring (August or September to November or

December )

.

Iasis zonaria is scarce in Lachlan samples (Fig.

18d)

.

Occurrences, when plotted against salinity

and temperature (Fig. 21) indicate a restricted

range of salinity (ca. 34 °/oo to 34.5 °/oo) and

a preference for lower temperatures, features

suggesting the species was collected from water

of subantarctic origin. This would lend sup-

port to Thompson’s belief that the species is a

temperate-water one. The New Zealand records

are too few to be more than suggestive.

Thalia democratica

Metcalf (1918) distinguishes between west-

ern Pacific and Atlantic forms of aggregate

specimens of Thalia democratica. The Pacific

form possesses a variable number of tubular test

processes, and the test is rounded posteriorly to

the alimentary "nucleus.” The Atlantic form

possesses few, and shorter, tubular processes and

the test is pointed posteriorly. Sewell (1953)

points out, however, that the test varies con-

siderably among his specimens from the Indian

Ocean. The Lachlan specimens had from zero to

several tubular processes, most of which were

short; none possessed a posterior process ap-

proaching the length illustrated by Metcalf for

specimens from the Philippine Islands. This, and

the pointed test posterior to the "nucleus” sug-

gest they may have been of the "Atlantic” form.

Thompson (1948) reported that the "West

Pacific” form predominated in a collection from

Kaipara Harbour, northwestern North Island,

and it has since been collected in Hauraki Gulf

on the east coast of North Island (unpublished

data). Northern New Zealand is predominantly

influenced by subtropical waters (and on the

east coast, possibly even by water of tropical

origin) and probably this form has been trans-

ported into these areas in these waters. In the

south, the water is cooler and preponderantly of

subantarctic origin. The distinctions in the

shapes of the tests between north (Thompson’s

FIG. 20. Generalised Temperature-Salinity-Plankton diagram of the sampled area. Only the plankton sta-

tions are shown; they are differentiated into series of stations which in turn are shown individually in Figures

18, 19- "Areas of chief concentration” (as demonstrated by all of the indicator species utilised) are also shown.

Station numbers in italics are night stations; in italics and underlined, are dawn or dusk stations; unmarked
are daylight stations.
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specimens) and south (Lachlan specimens) may

thus result from the different environmental

conditions.

The species made a sudden appearance, in

large numbers, off Dunedin in early March (Fig.

18*0 . Twelve days later several thousands of

specimens were taken from near Cook Strait in

waters of subtropical origin. There was a com-

plete absence of specimens in either surface or

oblique tows between the areas. Morphological

distinctions of a consistent nature could not be

shown between these groups. Nor was it pos-

sible to demonstrate whether the concentrations

were of similar origin. The plot of occurrences

against salinities and temperatures (Fig. 21) in-

dicates that the species was collected from a

narrow range of salinity and from the warmest

water. Indications are that the species is a warm-

water one, which would be in accord with pre-

viously known facts of its distribution. For ex-

ample, Thompson (1942, 1948) states that

T. democratica occurred between temperatures

of 11.0° and 25.6° C, but in very much smaller

numbers in the cooler Tasmanian waters ( limit,

44° S.) than in waters further north. Although

New Zealand collections were from further

south than those in Australia the lowest tem-

perature was about 12.75° C. which is above the

lower limit given by Thompson.

Salpa fusiformis f. aspera

Metcalf (1918) records S. fusiformis f. aspera

as widespread in Atlantic, Pacific, and Indian

oceans, from equatorial waters to those of high

latitudes. Thompson (1948) records four speci-

mens of f. aspera, but very large numbers of

S. fusiformis from southeast Australia (he also

took S. fusiformis from stomachs of "blue cod”

(Parapercis colias) caught in western Cook

Strait, New Zealand, in 1940). Lachlan speci-

mens were entirely f. aspera, which reverses the

order of catch recorded by Thompson, and is in

line with Metcalf’s statement that aspera was

more abundant than the smooth form in his

catches.

Specimens were collected from Cook Strait

(in January) to the subantarctic (Station 826)

where a considerable catch was made (Figs.

18c; 19c, d) . The occurrences, plotted against

salinity and temperature (Fig. 21), show that

specimens were captured from salinities com-

mensurate with those of water of subantarctic

origin. They occurred over a wide range of tem-

perature, but even so, the T-S-P diagram strongly

suggests a subantarctic origin. Both tempera-

ture and salinity ranges include Stations 322

and 326. Specimens at these stations, which are

north of the subtropical convergence, may have

reached the surface from water of subantarc-

tic origin lying below the surface subtropical

water (Bary, 1959#).

Ihlea magalhanica

This species was present in very large num-
bers off southeast Australia, with highest concen-

tration off eastern Tasmania where it replaced

Th. democratica (Thompson, 1948). Thompson
also recorded it as the only salp from a collection

made in 1942 from northern South Island, New
Zealand. Previous to these records, it was re-

garded as rare, being known only from the Cape

of Good Hope and Strait of Magellan, from

near Kaiser Wilhelm Land and from off the

south of South America (Metcalf, 1918; Thomp-
son, 1948). Sewell (1926) is quoted by Thomp-
son as saying the genus Ihlea has probably

adopted a cold-water habitat and that its surface

distribution is limited, at any rate largely, to

circumpolar regions.

Thompson (1948) in discussing the Aus-

tralian records of Ihlea magalhanica concludes

that "it is one of the salp species which has a

low tolerance of warm-water conditions” and,

"this species will therefore probably be useful

as an indicator of any northern extension of the

colder type of water conditions which may from

time to time occur.” The temperatures in the

region of its occurrences ranged between 11.6°

and 22.25° C, the lower limit being relatively

cool, for Australian conditions. He regards it as

limited almost entirely to the upper 50 m. of

water and states that maximum numbers oc-

curred between October and February.

Twenty-five Lachlan samples yielded 1,192

specimens. Their distribution shows fairly con-

clusively that I. magalhanica is a warm-water

rather than a cold-water species, at least about

New Zealand. Its occurrences were in the warm-

est water (Figs. 18^, h; 19d)\ these included

Station 326 outside of the immediate vicinity of
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FIG. 23- Diurnal variation of numbers of specimens

(collected at the surface) of Oikopleura dioica, 0.

fusiformis, and Ihlea magalhanica, as shown when the

average catch per four-hour period is expressed as a

percentage of the totalled average catches.

Foveaux Strait in water of subtropical origin

(where it occurred with Thalia democratica )

.

Again, when occurrences are plotted against

salinity and temperature (Fig. 21) a distinct

preference is demonstrated for the warmest

water, which Bary (1959^) regards as being

influenced by water of subtropical origin. The

temperatures given by Thompson (11.6° to

22.25° C.) are inclusive of the range for sub-

tropical water, given by Deacon (1937). The

evidence from the present material, and possibly

that from Thompson also, suggests the species

may have subtropical, rather than cold-water

origins.

DIURNAL MIGRATION

As the collections being considered are from

the surface waters, diurnal migration can only

be inferred from the variation of numbers be-

tween day and night samples. Oikopleura dioica,

0. fusiformis, and Ihlea magalhanica occur spas-

modically, but if the average four-hour catch is

plotted as a percentage of the totalled average

catches (Fig. 23) some smoothing of their oc-

currences is introduced. It is then found that

0. dioica and I. magalhanica increase to a high

percentage in the early evening (at 1800 to

1900 hours in untreated data). Ihlea magal-

hanica is present otherwise in comparatively

small numbers, while O. dioica tends to occur

throughout the day. Oikopleura fusiformis was
present in markedly high numbers at 2400
hours (2400 to 0100 hours in untreated data),

and again, but in lower numbers, at 1600 hours

(two peaks, one at 1500 and the other at 1700

hours, in untreated data) . Thus there are indica-

tions that numbers increase towards evening, or

during darkness. However, the shoaling of salps,

and, to judge from their irregular... appearances,

a tendency to swarming among appendicu-

larians, makes any other than these tentative

conclusions unwarranted.

In connection with vertical migration among
tunicates, Russell and Colman (1935) showed

that in the area of the Great Barrier Reef ap-

pendicularians migrated to near the surface be-

tween 2100 and 2325 hours and sank during

daylight, when they concentrated at about 10 m.

Mackintosh (1934: 94) and Hardy (1936: 521)

illustrate and discuss vertical migration among
salps, including the effects of swarming. It is

shown that increases occur at or near the surface

around midnight if due allowance is made for

the existence of the swarms. It is probable,

therefore, that the increases illustrated in Fig-

ure 23 to some extent are the result of vertical

migration, although further sampling will al-

most certainly refine the patterns obtained.

Variation of numbers at the surface is shown
by Dolioletta valdiviae for Stations 74 to 85 (at

these stations the net was streamed in a tidal

stream whilst the ship was at anchor, see Bary,

1956). The combined gonozooids, phorozooids,

and old nurses (Fig. 24) increase in numbers to

a peak at 2200 hours, decline to zero at 2400
hours, and increase to a second peak at 0200
hours. Data concerning doliolids for Station 83

Fig. 24. Variation of numbers of the gonozooid,

phorozooid, old nurse, and totalled specimens of

Dolioletta valdiviae, during the course of one night

when the ship was anchored and the net was streamed

in a tidal stream.
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Fig. 25. Variation in average number of specimens

per haul of all species of tunicate for January, Febru-

ary, and March, 1951.

are lost, and curves have been continued to Sta-

tion 84 (0400 hours), but are queried. High

numbers were still present at 0400 and 0500

hours, when sampling was discontinued. In-

dividually, phorozooids, gonozooids, and old

nurses show somewhat similar patterns to the

average and to each other. More data are neces-

sary to verify that the results illustrated are, in

fact, the result of diurnal migration. Each of the

peaks of numbers shows a degree of correlation

with low tidal velocities which may not be coin-

cidental, although reasons for this are not clear.

TUNICATES AS INDICATOR SPECIES

Results accruing from Lachlan samples on the

use of salps as practical indicator species are

meagre. Distinct preferences are apparent when
occurrences are plotted against salinity and tem-

perature (Figs. 21, 22) and some of these prob-

ably would persist, even with more samples,

e.g., as for Ihlea magaihanica and lasis zonaria.

Most of the species of tunicates cannot be re-

garded as practical indicators in that they occur

so spasmodically. In conjunction with other

'Indicator Species,’ as demonstrated in T-S-P

diagrams, some of them provide useful addi-

tional evidence of the presence of particular

waters, e.g., Thalia democratica and Ihlea mag-

aihanica.

Distinctions between the faunas on either

side of the subtropical convergence are not evi-

dent from the distribution of the tunicates.

On the other hand, distinct "coastal” and

"oceanic” faunas appear to exist, the former

consisting of Ihlea magaihanica and Oikopleura

dioica

,

and the latter of most of the remaining

species. How such relatively passive planktonts

are able to maintain these distributional distinc-

tions, especially in the strong tidal currents ex-

isting about the southern coasts of New Zealand,

is a problem. Boden ( 1952 ) ,
Hart ( 1953 ) ,

and

Bary (1959#) suggest that differential circula-

tion between near and offshore waters may exert

considerable influences.

SEASONAL DISTRIBUTION

The very spasmodic appearance of the major-

ity of species of tunicates makes It difficult to

indicate the nature of their seasonal distribution

for January, February, and March, 1951. Aver-

age numbers taken per tow, of all species, do

show a sharp increase to March (Fig. 25). This

average condition, however, masks a number of

species irregularities. For example, Pyrosoma

atlanticum appeared late in January (one speci-

men), and increased in numbers steadily to

March; Salpa fusiformis f. aspera occurred in

early January, again at the end of February, and

again at the middle and end of March; Ihlea

magaihanica occurred in January, and again in

March, and so on. Some of the increases in the

numbers of specimens are almost certainly sea-

sonal, but irregularities such as result from the

sampling of swarms tend to produce a mislead-

ing picture for most species. To be reliable, data

would need to be available from several seasons.

Similar irregularities in catches, and their effects

on curves of their distribution, are illustrated for

several salps from the Barrier Reef by Russell

and Colman ( 1935).

SUMMARY

Notes are given on the systematics of Oiko-

pleura dioica and O. fusiformis
,
Doliolum (Do -

lioletta) valdiviae, Pyrosoma atlanticum and

P. spinosum

,

and of the salps lasis zonaria

,

Thalia democratica, Pegea confoederata,
Salpa

fusiformis f. aspera, and Ihlea magaihanica. The
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"old nurse” stage of Dolioletta valdiviae is be-

lieved to have been collected and is described

and discussed in relation to the "old nurse” of

D. gegenbami

.

Occurrences in relation to tem-

peratures and salinities, and the distribution of

species in New Zealand waters, are discussed.
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Early Larval Development of Polydora nuchalis Woodwick,
a Spionid Polychaete

Keith H. Woodwick1

The most recent detailed work treating the

larval development of Polydora

,

.that of Han-

nerz (1956), appeared a little more than one

century after Oersted (1843) described for the

first time a larval stage in Polydora ciliata

(Johnston), Wilson 1928. Related papers pre-

sented during the interval included those of

Claparede (1863), Agassiz (1867), Jacobi

( 1883 ) ,
Whitelegge ( 1890 ) ,

Andrews ( 1891 )

,

Mesnil (1896), Leschke (1903), Soderstrom

(1920), Wilson (1928), Rioja (1939 and

1941), Hartman (1941), Thorson (1946 and

1950), Smidt (1952), and Casanova (1952).

Each of these added information valuable to the

understanding of polydorid development, but,

as yet, in only a few forms is the early develop-

ment known in detail.

The purpose of this paper is to make known
the early developmental stages of a recently de-

scribed polydorid, Polydora nuchalis Woodwick

(1953).

METHOD

The developmental stages of P. nuchalis were

cultured either in petri dishes containing sea

water and sand from the original collecting area

or in aquaria of circulating aerated sea water

after the method of Reish (1953). Favorable re-

sults were obtained with both of these methods.

Observations were made of encased larvae (in

egg capsules) as well as free-swimming indi-

viduals. The study of living material on depres-

sion slides provided specimens unaltered by

fixation or cover glass pressure. Drawings of

living forms were made employing the tech-

nique of Wilson (1928) and were inked fol-

lowing a comparative study of several other

larvae of the same age group.

The drawings do not constitute a continuous

developmental series from one individual but

1 Department of Biology, Fresno State College,

Fresno, California. Manuscript received October 13,

1958.

are a synthesis of a series of observations of in-

dividuals from a number of egg cases. The ages

assigned the various stages are not absolute but,

because they are based on multiple observations,

are considered to be reasonable.

composite Polydora life history

An understanding of the larval development

of polydorids is expedited by an understanding

of the relationship of these larval stages to the

remainder of the life history. A composite life

history of members of the genus is presented

below; P. nuchalis follows this scheme in most

stages but does show individual differences.

A composite life history as extracted from

the literature may be summarized in the fol-

lowing manner. An adult male and female copu-

late. Fertilization is internal. The female spawns

the fertilized eggs through the nephridial canal

and into transparent capsules. The capsules,

formed in the manner described by Soderstrom

(1920), are attached to the inner wall of the

female’s tube or burrow. Cleavage of the fer-

tilized egg is complete but unequal. Further de-

velopment of larvae within the egg capsule

follows one of two types: (1) In Polydora

ciliata (Wilson, 1928) and certain other species

each egg in the capsule gives rise to a larva. The

larvae leave the capsule at the 3-segment (seti-

gerous segment) stage as planktotrophic forms

to begin a long planktonic period (four to six

weeks) prior to settling and metamorphosis.

(2) In Polydora hoplura (Wilson, 1928) which

represents the other type, each egg in the cap-

sule does not give rise to a larva. The few which

do develop, feed on the undeveloped eggs

(nurse eggs). The larvae begin feeding at about

the 3-segment stage but do not leave the capsule

until about the 12-segment stage. The hatched

larvae pass through a very short planktonic

stage, if any, before settling and metamorphosis.

The latter type of development is found in
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P. nuchalis. Larvae leave the egg capsules after

having fed on nurse eggs until the 9- to 12-

segment stage ( Plate I
5
Fig. 1 ) . Further studies,

to be reported in another paper, suggest that

male and female do not copulate as such; a

reciprocal transfer of sperm involving two pro-

tandric males occurs. The stored sperm fertilize

the eggs which develop in the later female stage

of protandry in each individual. Protandry and

also neoteny have been reported for Polydora

hermaphroditica Hannerz (1956).

Polydora nuchalis does, however, follow rather

closely the composite life history in the remain-

ing development. The larval stages described

below are not unlike those figured for other

species of Polydora.

EARLY DEVELOPMENTAL STAGES OF

Polydora nuchalis

Egg. (Plate I, Fig. 2.) The eggs are round

and about 120 g in diameter. They include a

central mass of light pink yolk granules and a

very narrow peripheral region which is trans-

parent. The yolk granules described here appear

in the gut of all the developing stages up to at

least 10 segments and are useful in determining

the developmental boundaries of the gut in all

these stages.

Cleavage of the egg is total but unequal as

has been reported for other polydorids.

Early Larva, 18 Hours. (Plate I, Fig. 3.) The

larva, 180 fx long, is transparent anteriorly, the

yolk granules being concentrated in the pos-

terior half. The primordia of the peristomium

and prostomium are set off by ridges. This stage

has an unusual anteroventral prolongation of

the larval body. The prolongation was noted

in more than one series of larvae but no sug-

gestion can be made here as to its significance.

It may be abnormal, but its repeated appearance

and the fact that larvae of this kind continued

to develop in a normal fashion later have led to

its inclusion to allow comparison with possible

future investigations on this and other species.

The prototroch is located on the ventrolateral

surface near the junction of the main body of

the larva and the anteroventral prolongation.

The telotroch has appeared also but is lacking

from a wide dorsal portion.

Early Larva, 36 Hours. ( Plate I, Fig. 4. ) The

anteroventral prolongation is no longer present

in this stage and the larva measures only 120 fx

in length. The anterior part of the larva remains

transparent; the posterior part is filled with yolk

granules. The prototroch, not apparent in this

figure, is limited mainly to the ventral region.

The formation of the vestibule and the anterior

portion of the gut has been initiated.

Late Presegment Larva, 72 Hours. (Plate I,

Fig. 5.) The larva has elongated and does not

so closely resemble the egg as did the two pre-

ceding larval stages. The larva is about 200 /x

long, nearly double the length of the preceding

stage; however, it has no true segments as yet.

The anterior and the posterior body regions are

transparent with the yolk present in the central

region serving as an excellent indicator of the

intestinal portion of the digestive tract. The

transparency of the posterior region is a result

of the development of the pygidium. The telo-

troch is well developed and prominent. The

prototroch is present laterally, just posterior to

the two eyes. The lateral eyes are the first pig-

ment areas to be formed. Differentiation of the

head and body has begun.

Early Two-Segment Larva, Five Days. This

larva, 0.26 mm. long, has two complete segments

and the beginning of a third pair of setal sacs.

Two pairs of eyes are now present in the trans-

parent anterior region. The palpi are beginning

to bud laterally just posterior to the eyes. The
development of the vestibule has continued; the

mouth proper is visible. The posterior gut has

begun to invaginate but has not joined the

central concentration of yolk granules. The
pygidium is set off from the rest of the body

by a depression in the body surface which con-

tains the base of the cilia of the telotroch. The
first pair of dorsal melanophores is located on

the primordia of the third segment.

Three-Segment Larva, Six Days. (Plate II,

Fig. 1.) The larva, 0.30 mm. long, has three

well-developed segments. It is transparent ex-

cept for segments two and three in which the

gut contains yolk granules.

The palpi have thickened but have not elon-

gated. The protroch and telotroch are as de-

scribed for the previous stage. The pygidium

is cone-shaped and papillated; its appearance is
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PLATE I. Fig. 1. Egg capsules and larvae. Fig. 2. Egg, 0.12 mm. Fig. 3. Early larva (18 hours), 0.18 mm.
Fig. 4. Early larva (36 hours), 0.12 mm. Fig. 5. Late pre-setiger larva (72 hours), 0.20 mm.
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similar to that described by Hartman (1941)

for an unknown spionid larva. The melano-

phores on the third segment have elongated

laterally and another pair has formed on the de-

veloping fourth segment.

This 3-segment stage has three pairs of eyes.

Later, the two pairs which are anterolateral fuse

on each side producing a single anterolateral

pair. Four eyes, the fused pair and the median

pair, are retained throughout life.

The vestibule has enlarged but has not as

yet opened to the granular intestinal portion of

the gut. The ciliated posterior invagination of

the gut nearly reaches the third segment and

after a few additional hours of development its

cavity becomes joined to that of the granular

intestinal portion. This junction, along with

completion of the vestibular portion, will pro-

duce a functional digestive tract. In larvae hav-

ing a long pelagic life, completion of the gut

development and hatching are concurrent and

larvae are able to feed upon leaving the egg

cases; this is usually at the 3 -segment stage.

Polydora nuchalis does not hatch at the 3-

segment stage but does begin to feed on the

nurse eggs. The stage at which gut development

is completed, however, is not so critical in a

species of Polydora having nurse eggs.

Five-Segment Larva
,
One Week. This larva

is about 0.50 mm. in length. It has five setiger-

ous segments and at least three more segments

which are forming. The entire animal is trans-

parent except for a few yolk granules present

in the gut. Most larvae of this size have a

complete digestive tract including a vestibule,

esophagus, intestine, rectum, and anus. The
vestibule, esophagus, and rectum are greatly

ciliated.

The palpi have elongated but the prototroch,

telotroch, and pygidium are as described for the

preceding stage. Two pairs of eyes are present

in the normal adult position with the lateral

pair anterior to the median pair.

The dorsal paired melanophores are elon-

gated on segment three and smaller pairs are

• present on segments four and five. There is also

a single pygidial melanophore.

Ten-Segment Larva, About Two Weeks.

(Plate II, Fig. 2.) This larva is 0.65 mm. in

length and has 10 segments formed with the

eleventh segment nearly complete in its develop-

ment. The larva illustrated does not contain

nurse egg material although it is often found in

the gut of larvae of this and later stages. The

large ventral vestibule passes food into the long,

ciliated esophagus from which it moves to the

intestine beginning at segment four. The anus

opens in the central portion of the pygidium

which has become flattened. The dorsal notch

characteristic of the adult pygidium is not

present.

The eyes are as in the previous stage, but

the palpi are more elongate. Notopodial lobes

are present in all the segments. Those of the

first segment are located more dorsally than the

others and are, thus, nearer the midline. The
neuropodial lobes of the first segment are on

the same lateral plane as the notopodial lobes

of the other segments. This condition prevails in

the adult. Branchiae are not present. Melano-

phores are present on segments three and four

as paired dorsal elongations and on the succeed-

ing six segments as paired dots which dim-

inish in size on the more posterior segments.

Segments two, seven, and eight have lateral

pigment spots. The pygidial melanophore is

present. A single stout spine is situated in the

notopodium on each side of the modified fifth

segment.

Fifteen-Segment Larva, Three Weeks. (Plate

III.) This form represents the settling stage of

P. nuchalis. It is similar in appearance to the

adult, but will be discussed here as the final

larval stage. It is 0.90 mm. in length and has 15

fully developed segments and a sixteenth partly

developed.

The anterior end is adultlike with the peri-

stomium and prostomium greatly developed in

comparison with previously described stages.

The prostomium is bilobed anteriorly. Two pairs

of eyes are located on the prostomium. The
nuchal tentacle, one of the diagnostic characters

for P. nuchalis, is now present on the posterior

part of the prostomium. The elongate palpi

which arise from the peristomium extend as far

as the modified fifth segment. Each of the palpi

has a median ciliated groove used in the feeding

process. The central body portion, like the an-

terior portion, resembles that of the adult but

the pygidial portion does not. The pygidium is
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PLATE II. Fig. 1. 3-setiger larva (six days), 0.30 mm. Fig. 2. 10-setiger larva (two weeks), 0.65 mm.
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broad and flangelike but certain changes in

ciliary tracts and pigmentation associated with

metamorphosis, to be mentioned below, have yet

to occur.

The vestibule leads into a long esophagus

which joins the intestine at the anterior end of

the sixth segment and a long rectum extends

from about segment ten to the posterior end of

the body. Cilia are present in the vestibule,

esophagus, and rectum but are not indicated in

the figure.

The prototroch and telotroch are ordinarily

lost shortly after settling occurs as one of the

changes in the metamorphosis from larva to

adult. Gastrotrochs, not mentioned previously,

are found on segments three, five, seven, ten,

thirteen, and fifteen. These ventral, ciliary tracts

first appear on segment three in early stages of

development and on succeeding segments (of

the numbers mentioned above) as development

continues. They are important locomotor organs

in the short free-swimming period of P. nuchalis

and the longer free-swimming periods of forms

which hatch at the 3-segment stage.

The conspicuous dorsal melanophores are

present only on segments twelve and thirteen

and will be lost from these in succeeding stages.

The pygidial melanophore and lateral pigment

spots present on segment eight and the right

side of segment nine are lost in metamorphosis.

While in the egg capsule and until shortly after

hatching, the larvae are positively phototropic;

but at the time of settling and metamorphosis

the melanophores and pigment spots are lost and

the larvae become negatively phototropic. This

suggests rather strongly a functional relation-

ship between the phototropic change and loss

of pigmentation.

Two heavy spines are present in each noto-

podium of the modified fifth segment, the larg-

est of the body segments. Neuropodial hooded

hooks appear first in segment seven. Branchiae

also appear first on segment seven and in the

13 -segment stage are partly formed on segment

eight, as well.

The larvae ordinarily hatch at the 12 -segment

stage, but they may leave the egg case at the

9-segment stage. The larvae settle, metamor-

Plate III. 15-setiger larva (three weeks)
, 0.90 mm.



128 PACIFIC SCIENCE, Vol. XIV, April I960

phose, and build tubes during the 13- to 17-

segment stage.

The adult characteristics are considered in

Woodwick (1953).
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Contributions to the Knowledge of the Alpheid Shrimp

of the Pacific Ocean
Part V. The Indo-Pacific Members of the Genus Athanas 1

Albert H. Banner and Dora May Banner2

The FOUR PAPERS previously published in this

series have dealt with Alpheid shrimp by geo -

graphical areas. For this paper, because a major

revision of the genus is needed and the shrimps

upon which the revision is based come from

many different regions of the Pacific, it was

considered better to deal with the genus as a

whole. Some of the specimens here discussed

have been reported in the four previous studies.

Those specimens which have not been listed

in the previous studies come from three major

sources: specimens collected on the Coral Atoll

Investigations made by the Pacific Science

Board; specimens collected by the senior author

travelling in the central Pacific under a grant

from Bernice P. Bishop Museum, Honolulu; and

specimens collected at Eniwetok and other Mar-

shall Islands, by the senior author and by others

under the sponsorship of the Atomic Energy

Commission. In this paper, details on collections

are not given; these can be found in previous

or future papers.

The present study has been supported by Na-
tional Science Foundation Grant NSF-G-1754.

The authors wish to acknowledge their indebted-

ness to L. B. Holthuis for the use of the bibli-

ography of species of higher Crustacea prepared

by him; without this help the list of references

would have been almost impossible to prepare,

especially in Honolulu where the libraries lack

many of the older works.

Since the genus Athanas was first described

by Leach in 1814, some 43 specific and sub-

specific names have been applied to the mem-
bers of this genus, only 7 of which are not

known from the Pacific and Indian oceans. The
shrimp in this genus are small and inconspicu-

ous; as a result most of the previous workers

1
Contribution No. 124, Hawaii Marine Laboratory.

Manuscript received November 1, 1958.
2 Department of Zoology and Entomology, Univer-

sity of Hawaii, Honolulu, Hawaii.

had only a few specimens, often broken, upon

which to base their description; further, of the

Indo-Pacific species, at least 18 have not been

reported since their original capture.

The Indo-Pacific genus Arete, long accepted

as being closely related to Athanas

,

has a some-

what similar history. Since the genus was erected

by Stimpson in 1861 for the species A. dorsalis

,

11 names have been applied to species within

the genus, and 4 of these names have been based

upon 3 specimens or less.

The specimens available for this study were

in some cases collected in large numbers. As will

be discussed below, almost all of the species

which are so represented show marked variation

with size and sex in the form of the large chelae,

and several species appear to vary considerably

in the form of the rostrum and teeth of the

carapace about the eyes. As these are the chief

characteristics that have been used in the separa-

tion of many of the species, a revision of the two

genera is necessary. Unfortunately, the present

collections do not contain representatives of

enough species to permit a monographic revi-

sion, so the purpose of this paper will be to

merely initiate such a revision, which other

workers from other parts of the Indo-Pacific

may elaborate upon and finish.

ANNOTATED BIBLIOGRAPHY OF THE
species OF Athanas and Arete

In the following listing, all species placed in

these genera have been listed with reference to

the original description and all subsequent Indo-

Pacific records. The number of specimens upon

which the original description or subsequent

redescription were based has been given, wher-

ever possible, together with the localities where

the specimens were collected. Most synonyms

are indicated in this listing; in the synonymies

later in the paper, reference is made back to this

listing.

129
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Athanas nitescens (Leach) (described as Pdae-

mon nitescens)
,
1814. Edinb. Encyc. 7: 401.

[Not Indo-Pacific.}

Athanas edwardsii Audouin, 1827. Explica-

tion sommaire des planches de Crustaces de

l’Egypte et de la Syrie, ed. 2, vol. 22, pp. 249-

290. Atlas Hist. Nat. vol. 2, Crustacea, pis.

1-13. [Citation taken directly from the bibli-

ography of Holthius. For discussion of date

of publication, see Sherborn, C. D., 1897.

Proc. Zool. Soc. Lond., pp. 285-288.} [Now
Alpheus edwardsii.']

Athanas monoceros (Heller) (described as Al-

pheus monoceros)
,

1861. S.B. Akad. Wiss.

Wien 44: 274; Red Sea. [Coutiere, 1899: 61,

62, makes this a variety of A. dimorphus

Ortmann 1894, a procedure contrary to the

rules of zoological nomenclature.}

Athanas mascarenicus Richters, 1880. Beitr.

Meeresfauna der Insel Mauritius und der

Seychellen, Decapoda, p. 164; Mauritius or

Seychelles. [Coutiere (1896: 381) states that

Richters’ specimen is too incompletely de-

scribed or figured; in 1899: 33, he states this

is a synonym of Arete dorsalis Stimpson; in

1905: 868, he stated he could not identify it

with certainty with any known species.}

Athanas alpheoides Czerniawsky, 1884. Obsh-

chestvo Ispuitatelei Prlroduc prl Imperator-

skom Khar’kovskom Universitetye (Societe

des Naturalistes a l’Universite Imperiale de

Kharkow) 13: 26. [Not Indo-Pacific. Cou-

tiere (1899: 37) states this is a juvenile.}

Athanas transitans Czerniawsky, 1884. Trans.

Soc. Univ. Kharkov 13: 25. [Not Indo-

Pacific.}

Athanas transitans longispina Czerniawsky,

1884. Trans. Soc. Univ. Kharkov 13: 25. [Not

Indo-Pacific.}

Athanas velocuius Spence Bate, 1888. Chal-

lenger Reps. 24: 529, pi. 96, fig. 1. [Not Indo-

Pacific.}

Athanas dimorphus Ortmann, 1894. Denkschr.

Med.-Naturw. Ges. Jena 8: 12, taf. 1, fig. 1;

3 specimens from Dar es Salaam, East Africa.

Coutiere, 1897b. Bull. Mus. Hist. Nat.,

Paris 3(7): 301. [Here Coutiere placed his

species A. dispar in synonymy.}

Coutiere, 1903. Bull. Soc. Philom. Paris

IX, 5(2): 77, fig. 12; Red Sea, New Cale-

donia. [Drawing of large chela of female.}

Balss, 1915. Ergebn. Zool. 30: 21; 1

specimen from the Red Sea.

Tattersall, 1921. J. Linn. Soc. (Zool.)

34: 371, pi. 28, figs. 23, 24; 1 specimen from

the Red Sea. [Partial redescription.}

Gurney, 1924. Zool. Res. Cambridge

Exp. Suez Canal, p. 260. [Larval develop-

ment.}

Balss, 1927. Trans. Zool. Soc. Lond.

22: 222; 1 female from Dar es Salaam, East

Africa. [Record of capture.}

Gurney, 1927. Trans. Zool. Soc. Lond.

22: 260, fig. 63. [Larval development.}

Kollmann, 1937. Ann. Fac. Sci. Mar-

seille II, 10: 145, figs. 16-17. [Journal un-

available.}

Athanas nitescens velocuius Coutiere, 1896. Bull.

Mus. Hist. Nat., Paris 2: 380. [Not Indo-

Pacific.}

Athanas leptocheles Coutiere, 1896. Bull. Mus.

Hist. Nat., Paris 2: 381; 1 specimen from the

Red Sea. [Coutiere (1897: 233) stated these

were females of species renamed A. dispar.]

Athanas leptocheles monoceros Coutiere, 1896.

Bull. Mus. Hist. Nat., Paris 2: 381; 4 speci-

mens from the Red Sea. [Coutiere (1896:

381) considered A. transitans longispina a

synonym of this species.}

Athanas solenomerus Coutiere, 1896- Bull. Mus.

Hist. Nat., Paris 2: 381; 1 specimen from the

Red Sea. [Coutiere (1897: 233) stated this

was the male of the species he renamed A.

dispar.]

Athanas dispar Coutiere, 1897. Bull. Mus. Hist.

Nat., Paris 3: 233; several specimens from

Djibouti. [Coutiere (1897- 301) stated this

was a synonym of A. dimorphus Ortmann.}

Athanas dispar monoceros Coutiere, 1897. Bull.

Mus. Hist. Nat., Paris 3: 233 (in a footnote).

[See A. monoceros above and A. dimorphus

monoceros below.}

Athanas djiboutensis Coutiere, 1897. Bull. Mus.

Hist. Nat., Paris 3: 233; 2 specimens from

Djibouti.

Coutiere, 1899. Ann. Sci. Nat. VIII,

9: 62, fig. 4; p. 177, fig. 207. [Discussion of

rostrum and chela.}

Coutiere, 1903. Bull. Soc. Philom. Paris
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IX, 5(2): 75; specimens from the Maidive

and Laccadive Archipelagoes. {Characteristics

and general distribution.}

Coutiere, 1905. Fauna and Geog. Mal-

dive and Laccadive Archipelagoes 2(4)

:

856,

fig. 129. [Same as the above.}

— Nobili, 1906. Ann. Sci. Nat. IX, 4: 31;

1 specimen from the Red Sea. [Locality only.}

Nobili, 1907. Mem. R. Accad. Torino

Ha, 57: 353; 2 specimens from the Tuamotus

Archipelago. [Brief remarks.}

——— Tattersall, 1921. J. Linn. Soc. Zool. 34:

368, pi. 28, fig. 25; 9 specimens from the

Sudanese Red Sea. [Description of speci-

mens.}

— de Man, 1922. Siboga Exped. 39a4
(5)

:

21; 1 mutilated specimen from Indonesia.

[Description of specimen.}

Edmondson, 1925. Bull. Bishop Mus.,

Elonolulu 27: 9; 1 specimen from Wake
Island. [Record of capture.}

-——- Gordon, 1935. Ann. Mag. Nat. Hist. X,

16: 629; Christmas Island, Indian Ocean.

[Record of capture.}

Boone, 1935. Bull. Vanderbilt

(Oceanog.) Mar. Mus. 6: 119, pi. 31; 2 speci-

mens from Marquesas Islands. [Extensive de-

scription.}

— Ramadan, 1936. Bull. Fac. Sci. Egypt.

Univ. 6: 12; 4 specimens from Ghardaqa,

Red Sea. [Remarks on chelae.}

— Kollmann, 1937. Ann. Fac. Sci. Mar-

seille II, 10: 145. [Reference not available.}

Gurney, 1938. Sci. Rep. Gr. Barrier

Reef Exped. 6: 54, figs. 249-252. [Discus-

sion of larval forms.}

Armstrong, 1941. Amer. Mus. Novit.

(1137): 5; 1 female from Samoa. [Record of

capture.}

Barnard, 1946. Ann. Mag. Nat. Hist.

XI, 13: 388; specimens from Mozambique.

[Locality only.}

——— Barnard, 1950. Ann. S. Afr. Mus. 38:

732-733, figs. 137 e-f; 1 specimen from

Mozambique. [Brief description.}

Chace, 1955. Proc. U. S. Nat. Mus.

105(3349)

:

16; 11 specimens from the Mar-
shall Islands. [Brief remarks.}

Banner, 1956. Pacif. Sci. 10(3): 322;

131

22 specimens from the Mariana Archipelago.

[Brief discussion.}

Banner, 1957. Pacif. Sci. 11(2): 193; 2

specimens from the Marshall Islands. [Record

of capture.}

Athanas sulcatipes Borradaile, 1898. Proc. Zool.

Soc. Lond., p. 1011, pi. 65, fig. 9; 8 specimens

from Funafuti. [Coutiere (1905: 856) stated

this was a synonym of A. djiboutensis.'}— Anonymous, 1899. Mem. Aust. Mus.

3: 518; specimen from Funafuti. [Record of

capture.}

Athanas ortmanni Rankin, 1898. Ann. N. Y.

Acad. Sci. 12(11): 251, pi. 30, fig. 7. [Not

Indo-Pacific. Now Salmoneus ortmanni.'}

Athanas dimorphus monoceros (Heller) Cou-

tiere, 1899. Ann. Sci. Nat. VIII, Zool. 9: 61,

62. [Change of name, see A. monoceros Hel-

ler, 1861, above.}

Athanas naifaroensis Coutiere, 1903. Bull. Soc.

Philom. Paris IX, 5(2): 77, figs. 14-16; 1

specimen from the Maidive Archipelago.

Coutiere, 1905. Fauna and Geog. Mal-

dive and Laccadive Archipelagoes 2(4): 859,

fig. 131. [Same description as the above.}

Coutiere, 1905. C. R. Acad. Sci., Paris

140: 737. [Review of species listed in Mal-

dive and Laccadive Report.}

de Man, 1922. Siboga Exped. 39a4
( 5 )

:

16, pi. II; fig. 9; 1 specimen from Indonesia.

[Description of specimen.}

Barnard, 1950. Ann. S. Afr. Mus. 38:

731, figs. 136 f-i; 1 specimen from Natal,

South Africa. [Brief description.}

Athanas areteformis Coutiere, 1903. Bull. Soc.

Philom. Paris IX, 5(2): 79, figs. 17-18; 2

specimens from the Maidive Archipelago.

Coutiere, 1905. Fauna and Geog. Mal-

dive and Laccadive Archipelagoes 2(4): 860,

fig. 132. [Same description and figures as

above.}

Coutiere, 1905. C. R. Acad. Sci., Paris

140: 737. [Review of species listed in Mal-

dive and Laccadive Report.}

Balss, 1915. Ergebn. Zool. 30: 21; speci-

men from the Red Sea. [Locality only.}

Chace, 1955. Proc. U. S. Nat. Mus.

105(3349): 21; 1 specimen from the Mar-

shall Islands. [Locality only.}

Athanas minikoensis Coutiere, 1903. Bull. Soc.
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Philom. Paris IX, 5(2): 76, figs. 9-11; 1

specimen from Laccadive Archipelago, Indian

Ocean.

Coutiere, 1905. Fauna and Geog. Mal-

dive and Laccadive Archipelagoes 2(4): 858,

fig. 130. [Same specimens and figures as the

above.]

de Man, 1911. Siboga Exped. 39a 1
(2)

:

149, pi. 2, figs. 5-5 h; 2 specimens from Indo-

nesia. [Description and figures.]

Ramadan, 1936. Bull. Fac. Sci. Egypt.

Univ. 6: 13; 1 specimen from the Red Sea.

Barnard, 1946. Ann. Mag. Nat. Hist.

XI, 13: 388; specimen from Natal, South

Africa. [Locality only.]

Barnard, 1950. Ann. S. Afr. Mus. 38:

731, figs. 137 a-d; 1 specimen from Natal,

South Africa. [Partial redescription.]

Athanas orientalis Pearson, 1905. Rep. Pearl

Fish. Maanar 4(24): 88, pi. 2, fig. 10; 7

specimens from Ceylon.

Athanas haswelli Coutiere, 1908. Bull. Soc.

Philom. Paris IX, 11(5): 2; 1 female from

south Adelaide coast, Australia.

Hale, 1927. Crustacea of South Aus-

tralia. Vol. 1. P. 47. [Brief remarks, no addi-

tional specimens.]

Athanas granti Coutiere, 1908. Bull. Soc. Philom.

Paris IX, 11(5): 192; 5 specimens from

south Adelaide coast, Australia.

Hale, 1927. Crustacea of South Aus-

tralia. Vol. 1. P. 47. [Brief remarks, no addi-

tional specimens.]

Athanas sibogae de Man, 1910. Tijdschr. Ned.

Dierk. Ver. II, 11(5): 314; 9 specimens

from Indonesia.

de Man, 1911. Siboga Exped. 39a 1
(2)

:

151, pi. 2, figs. 6-6h. [Redescription, same

specimens as the above.]

Athanas tenuipes de Man, 1910. Tijdschr. Ned.

Dierk. Ver. II, 11(5)

:

316; 1 specimen from

Indonesia.

de Man, 1911. Siboga Exped. 39a 1
(2)

:

157, pi. 3, figs. 8-8e. [Redescription, same

specimen as the above.]

Athanas parvus de Man, 1910. Tijdschr. Ned.

Dierk. Ver. II, 11(5): 315; 1 female from

Indonesia.

de Man, 1911. Siboga Exped. 39a 1
(2)

:

148, pi. 1, figs. 4-4d. [Redescription of same

specimen.]

Tattersall, 1921. J. Linn. Soc. Lond. 34:

372; 3 specimens from the Red Sea. [Brief

remarks.]

de Man, 1922. Siboga Rep. 39a4
(5):

16-18; 1 specimen from Indonesia. [Com-

plete description.]

Kubo, 1940. Annot. Zool. Jap. 19(2):

99, figs. 1, 2; 1 specimen from Tanabe, Waka-
yama Prefecture. [Redescription.]

Miyadi, 1940. Annot. Zool. Jap. 19(2):

143. [Same specimen as reported by Kubo
above.]

Athanas jedanensis de Man, 1910. Tijdschr. Ned.

Dierk. Ver. II, 11(5): 313; 4 specimens from

Indonesia.

de Man, 1911. Siboga Exped. 39a 1
(2)

:

154-156, pi. 2, figs. 7-7f. [Redescription of

same specimens.]

Athanas grimaldii Coutiere, 1911. Bull. Inst.

Oceanogr. Monaco No. 197, figs. 1-6. [Not

Indo-Pacific.]

Athanas polymorphus Kemp, 1915. Indian Mus.,

Mem. 5(3): 289, figs. 31, 32; 27 specimens

from Chilka Lake, India.

Athanas sp. Stebbing, 1914. Ann. S. Afr. Mus.

15: 88; 1 specimen from Delagoa Bay, Indian

Ocean.

Athanas stehbingi de Man, 1920. Zool. Meded.

5(3)

:

106; 1 specimen from Indonesia.

de Man, 1922. Siboga Exped. 39a4
( 5 )

:

18, pi. II, III, figs. 10-10f. [Redescription of

same specimen.]

Athanas crosslandi Tattersall, 1921. J. Linn. Soc.

Lond. 34: 372, pi. 27, figs. 13-17; 2 speci-

mens from the Red Sea.

Ramadan, 1936. Bull. Fac. Sci. Egypt.

Univ. 6: 12; specimen from the Red Sea.

[Included in species listing.]

Athanas gracilis Boone, 1935. Bull. Vanderbilt

Oceanogr. (Mar.) Mus. 6: 122-126, pi. 32; 1

specimen from Raiatea Island, Society Archi-

pelago.

Athanas japonicus Kubo, 1936. J. Fish. Inst.

Tokyo 31(2): 43, pi. 13; 3 specimens from

Japan.

Athanas oshimai Yokoya, 1936. Jap. J. Zool. 7:

129, fig- 1; several specimens from Abura-

tubo, Japan.
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Atbanas erythraeus Ramadan, 1936. Bull. Fac.

Sci. Egypt. Univ. 6: 13, pi. 1, fig. 1; 1 speci-

men from Ghardaqa, Red Sea.

Atbanas esakii Kubo, 1940. J. Fish. Inst. Tokyo

34(1): 93, fig. 13; four specimens from

Kusaie, Caroline Islands.

Atbanas lamellifer Kubo, 1940. Annot. Zook

Jap. 19(2): 102-106; figs. 3-5; 4 specimens

from Ko.min.ato, Japan.

Atbanas kominatoensis Kubo, 1942. Zool. Mag.

Tokyo 54: 82-84, fig. 2; 5 males from Komi-

nato, Japan.

Atbanas nouvelae Holthuis, 1951. Atlantide

Rep. (2): 104-110, fig. 22. [Not Indo-

Pacific]

Atbanas amazone Holthuis, 1951. Atlantide

Rep. (2): 111, fig. 23. [Not Indo-Pacific.}

Atbanas setoensis Kubo, 1951. J. Tokyo Coll.

Fish. 38(2)

:

265, figs. 5, 6; 1 specimen from

central Japan.

Atbanas marshallensis Chace, 1955. Proc. U. S.

Nat. Mus. 105(3349): 17-20, fig. 8; 22

specimens from the Marshall Islands.

— Banner, 1957. Pacif. Sci. 11(2): 193,

fig. 3 a-f; 1 specimen, Marshall Islands.

Atbanas dubius Banner, 1956. Pacif. Sci. 10(3):

322-325, fig. 2 a-h; 10 specimens from Sai-

pan, Mariana Archipelago.

Arete dorsalis Stimpson, 1861. Proc. Acad. Nat.

Sci. Philad. 12: 32; found near Hong Kong.

[Nec. A. dorsalis de Man (1888: 527), see

A. amboinensis.']

Coutiere, 1896. Bull. Mus. Hist. Nat.,

Paris 2: 385; 1 specimen from Samoa and 1

from the Indian Ocean. [Brief description.]

Coutiere, 1897. Bull. Mus. Hist. Nat.,

Paris 3(6): 234; several specimens from

Djibouti. [Remarks on ecology.}

•— Coutiere, 1903. Bull. Soc. Philom. Paris

IX, 5(2)

:

13, figs. 32-34. [States A. dorsalis

padficus Coutiere is a synonym of A . dorsalis.]

——— Coutiere, 1905. Fauna and Geog. Mal-

dive and Laccadive Archipelagoes 2(4): 866,

figs. 136-137; 1 specimen from Goidu Atoll,

Indian Ocean.

——— Chilton, 1910. Trans. Proc. N. Z. Inst.

43: 549; 3 specimens from Sunday Island,

Kermadec Islands. [Description of speci-

mens.]

de Man, 1911. Siboga Exped. 39a 1
(2)

:

167; 2 females from Indonesia. [Description

of specimens.}

—

Gee, 1925. Lingnaam Agric. Rev. 3:

157; specimens from China. [Record of cap-

ture.}

— Gordon, 1935. Ann. Mag. Nat. Hist.

X, 16: 629; specimens from Christmas Is-

land, Indian Ocean. [Record of capture.]

Arete monoceros Paulson, 1875. Crustacea Mer
Rouge. [Paper not available; Coutiere, 1899:

27, states this is Atbanas monoceros (Hel-

ler).]

Arete mascarenicus (Richters), 1880. (As

Atbanas mascarenicus ), Beitr. Meeresfauna

der Insel Mauritius und der Seychellen, De-

capoda, p. 164; Indian Ocean.

Coutiere, 1897. Bull. Mus. Hist. Nat.,

Paris (7): 301. [Brief remarks.}

Coutiere, 1899. Ann. Sci. Nat. VIII,

Zool. 9: 33. [States this is a synonym of

A. dorsalis.]

Arete borradailei Coutiere, 1903. Bull. Soc.

Philom. Paris IX, 5(2): 80; 1 specimen from

the Maidive Archipelago.

Coutiere, 1905. C. R. Acad. Sci., Paris

140: 737. [Listing of specimens in the Mal-

dive Archipelago.}

Coutiere, 1905. Fauna and Geog. Mal-

dive and Laccadive Archipelagoes 2(4): 861,

fig. 133. [Same specimens as in 1903 above.}

Arete dorsalis padficus Coutiere, 1903. Bull. Soc.

Philom. Paris IX, 5(2): 84, figs. 31-34;

found in Hong Kong, has specimens from

Samoa, New Caledonia, and Central America.

[Coutiere (1905: 866) states this is probably

A. dorsalis Stimpson.]

—

Coutiere, 1904. Bull. Mus. Hist. Nat.,

Paris 10(2): 58; several specimens from

Marutea, Tuamotus. [Notes on commensal-

ism; in 1905 Coutiere names this form A.

maruteensis .

]

Arete dorsalis indicus Coutiere, 1903. Bull. Soc.

Philom. Paris IX, 5(2): 84; several speci-

mens from Djibouti, one from the Maidive

Archipelago. [Changed to A. indicus by

Coutiere (1905: 863), see below.]

Arete maruteensis Coutiere, 1905. Bull. Mus.

Hist. Nat., Paris 11(1): 18; 3 examples from
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Marutea commensal with Heterocentrotus

mammillatus.

Coutiere, 1905. Fauna and Geog. Mal-

dive and Laccadive Archipelagoes 2(4): 868.

[Comparison with A. dorsalis.']

Nobili, 1907. Mem. R. Accad. Torino

II, 57: 353; 5 specimens from Marutea, one

from Fakarawa, one from Rikitea, French

Oceania. [Remarks on commensalism.}

Arete indicus Coutiere, 1905. Fauna and Geog.

Maidive and Laccadive Archipelagoes 2(4):

863, figs. 134, 135; one specimen from Mal-

dive Archipelago, numerous specimens from

Djibouti and 1 from Central America. [See

A. dorsalis indicus Coutiere above.}

Nobili, 1906. Bull. Sci. Fr. Belg. 20:

24; 1 specimen from the Persian Gulf. [Par-

tial redescription.}

Balss, 1915. Ergebn. Zool. 30: 21;

specimens from the Red Sea. [Locality only.}

Coutiere, 1921. Trans. Linn. Soc. Lond.

17(4): 413; specimens from the Indian

Ocean. [Locality only.}

Arete iphianassa de Man, 1910. Tijdschr. Ned.

Dierk. Ver. II, 11 (5)

:

312; 2 specimens from

Indonesia.

de Man, 1911. Siboga Exped. 39a 1
(2)

:

16, pis. 3, 4, figs. 11-lle. [Same as the above

with figures.}

de Man, 1922. Siboga Exped. 39a4
(5)

:

22, pi. Ill, figs. 11-1 If; 1 specimen from

Indonesia. [Redescription.}

Banner, 1956. Pacif. Sci. 10(3): 324;

6 examples from the Marianas Islands. [Lo-

cality only.}

Arete maruteensis Coutiere var. salibabuensis

de Man, 1910. Tijdschr. Ned. Dierk. Ver. II,

11(5): 313; 1 female from Salibabu Island,

Indonesia.

de Man, 1911. Siboga Exped. 39a 1
(2)

:

169, fig. 13 a-c. [Same specimens as the

above, with plates.}

Arete amboinensis de Man, 1910. Arch, Natur-

gesch. 76(1): 25, figs. 1-6; 1 example from

Amboina.

Arete intermedins Yu, 1931. Bull. Mus. Hist.

Nat., Paris 3(6): 513, fig. 1; one specimen

from Amoy, China.

Arete ghardaqensis Ramadan, 1936. Bull. Fac.

Sci. Egypt. Univ. 6: 15, pi. 1, fig. 208; 5

specimens from the Red Sea.

Athanas AND Arete

According to Couriered monograph (1899:

322 et seq.) the principal differences between

Athanas and Arete lie in the carpus of the

second legs, five-jointed in Athanas and four-

jointed in Arete; in the biunguiculation of the

dactylus of the third leg in Arete, simple in

Athanas; and in the branchial formula, which

contains only six epipodites in Arete and seven

in Athanas. The other differences he cited were

mostly differences in proportion, not form.

("Antennules et antennes &Athanas, mais mas-

sives et courtes.”) With his description of

Athanas areteformis Coutiere felt he had a speci-

men that showed transition between the two

genera. Subsequent description of species by

various authors extended the knowledge of dif-

ferences in form within the two genera, espe-

cially in Athanas, which, for example, was found

to include species with a biunguiculate dactylus.

The two genera have continued to be ac-

cepted as separate in spite of the fact that

Athanas areteformis on one hand and Arete bor-

radailei and, later, Arete ghardaqensis, on the

other hand, lie in a position somewhat inter-

mediate between the two genera. They were still

separated on the basis of the carpus of the

second legs and on the branchial formula.

This is in spite of the fact that in other genera

it has been recognized that the branchial for-

mula varies within a genus, for example in

Betaeus and Alpheopsis, and that the number of

carpal articles of the second legs may also vary

as in Alpheopsis and Synalpheus. Kemp (1915:

295

)

in his description of Athanus polymorphus

reported that in his specimens the number of

carpal articles varied from four to five.

In the present study, the branchial formula

of Athanas djiboutensis was examined in 17

specimens from one locality on Canton Island,

Phoenix group. Because the species is small and

the branchial formula is difficult to discern, most

specimens were examined on both sides. Only

two of the specimens had mastigobranchs on the

third thoracic appendages and the setobranchs

on the fourth, the branchial formula for the

genus; on the other 15 specimens the last masti-
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gobranch was on the second maxilliped and the

last setobranch (at least in those specimens

where it was large enough to be seen) was on

the third maxilliped. The two specimens with

the more complete set did not differ in any

other way from the specimens with the reduced

branchial formula. Other specimens from Can-

ton and from other localities were spot checked;

most were found with the reduced formula, but

occasional individuals carried the more complete

set. Thus the more common branchial formula

in Athanas djiboutensis is the same as that for

Arete.

Athanas verrucosa Banner, described below,

is definitely related to the species known as

Arete borradailei and Arete ghardaqensis in the

form of the rostrum, in the form of the large

chela, which is unlike those found in other spe-

cies of either Athanas or Arete, and in the gen-

eral configuration of the body and appendages.

In fact, even the specific distinctions between

these nominal species is in doubt. However,

the second legs of Arete borradailei and Arete

ghardaqensis have the four-jointed carpus while

Athanas verrucosa a five-jointed carpus. It would

be unacceptable to place such closely related

species in separate genera.

The distinctions, therefore, between Athanas

and Arete have been entirely lost, and Arete

must be regarded as a synonym of Athanas.

Further supporting the combination of the two

genera is the fact that species in both genera

show parallel variation in the form of the large

chela with sex and maturity.

Athanas

redefinition: Alpheidae in which the ros-

trum is well developed; supra-, extra- and in-

fracorneal spines usually present with varying

degrees of development; corneas of eyes exposed

anteriorly and largely dorsally and laterally;

chelae of the first legs well developed, either

carried extended or flexed against an expanded

merus, usually asymmetric and sexually dimor-

phic, always without the cylinder and plunger

characteristic of Alpheus; carpus of second legs

with four or five articles; dactylus of third legs

simple or bifid; pleura of sixth abdominal seg-

ment articulated; telson without anal tubercles,

tip arcuate. Branchial formula variable.
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DIAGNOSIS: The exposure of the eyes and the

form of the large chela separate this genus from

Alpheus, Thunor, and Synalpheus; the articula-

tion of the sixth pleura from Pterocaris, Auto-

mate, Salmoneus, Amphibetaeus, Betaeus (in

part), Batella, Metabetaeus, Racilius, and Po-

rnognathus. The presence of a rostrum separates

the genus from Betaeus and Parabetaeus, and the

exposure of the eyes in dorsal view from Alphe-

opsis, Neoalpheopsis and Athanopsis. Finally the

lack of high dorsal and ventral keel on the

rostrum separates this genus from Aretopsis.

TYPE SPECIES: Palaemon nitescens Leach,

1814 -

variation IN FORM

Because previous workers usually had only a

few specimens of each nominal species, most

were unaware of the variation that might occur.

In the present collections the following species

are present in great enough numbers to at least

tentatively delimit the extent of variation: A.

areteformis Coutiere, A. parvus de Man, A. dji-

boutensis Coutiere, A. marshallensis Chace, A.

rhotionastes Banner, A. dorsalis (Stimpson),

and A. indicus (Coutiere). Of these only one

species, A. djiboutensis, the most widespread

species both ecologically and geographically,

seems to show no marked variation except in

the branchial formula, as discussed above, and

in the chela. In specimens of this species the

form of the rostrum, the teeth about the orbits,

and the legs are quite constant. The chelae do

show changes in proportion with maturity and

sex, but these differences are more slight than in

other species. The other species all show marked

variation. It is the chelae that have the greatest

variation. For example, in the two closely re-

lated species, A. marshallensis and A. rhothi-

onastes, the chelae in the females start out as

slender appendages where the merus is not ex-

panded, the palm scarcely broader than the

merus, the carpus almost as long as the palm;

in this condition the fingers are straight and

unarmed ( Fig. 2 ) . As the individual grows

larger the merus expands to accommodate the

chela; the palm grows heavy, the fingers develop

strong teeth, the carpus either remains the

same length, shortening in relation to adjacent

articles, or becomes shorter by actual measure-
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ment. In the males a comparable but greater

differential growth occurs, so that the fully de-

veloped male chela is much heavier than that

of the female, with a broader merus and palm,

a shorter carpus, and with much heavier teeth

on the fingers. In A. dorsalis it was found that

chelae of the smaller males approached the

form of the more mature females, and, in one

case, the chela of an extremely large female

was quite similar to the normal large males

(Fig. 5e). This variation was not found to be

perfectly correlated with size or maturity; for

example, females with a definitely "immature”

type of chela were found to be ovigerous, and

specimens of the same size from the same lo-

cality were found to be of varying development.

On all species represented with a sufficient num-

ber of specimens this variation was observed,

with only A. djihoutensis showing it to a more

minor extent.

A variation somewhat similar to this was

noted by Kemp (1915: 289 et seq.) for the

males of his species A. polymorphus. He had a

limited number of specimens and came to the

conclusion that breeding activity, not growth,

caused the polymorphism. We believe that the

evidence given in the following pages indicates

that the "polymorphism” must stem primarily

from growth. Kemp was also unaware that his

variation could be found in other species but he

cautioned ".
. . it is not unlikely that different

forms of the same species have been described

under separate names.”

More perplexing is the apparent variation in

the region of the anterior carapace. In the clas-

sification of the species the breadth and length

of the rostrum, and the development of supra-,

extra- and infracorneal teeth, have been regarded

as quite constant and used for specific distinc-

tions. However, in a group of 30 specimens of

A. dorsalis the tip of the rostrum was found to

reach from the end of the first antennular article

to the middle of the third antennular article; in

the same group of specimens the extracorneal

teeth were usually well developed and acute, but

in one they were lacking. In A. areteformis some

specimens carried an infracorneal tooth of vary-

ing development, some did not (in three speci-

mens from the same location two are without
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teeth, the third with a small infracorneal tooth

bilaterally developed )

.

To the contrary A. marshallensis, A. rhothi-

onastes, and A. djihoutensis all present in some

numbers in the collections, are quite uniform in

the development of these parts. It would appear

that some species are inherently more variable

than others, a condition found in members of

the genus Alpheus.

Finally, in A. dorsalis the development of the

tooth on the merus of the third legs and the

proportions of articles of this leg were also

found to vary. Like species in other genera of

the family, the telson also varies in its pro-

portions.

These variations will be discussed more fully

for each species in the following section.

These variations in parts previously consid-

ered to be of taxonomic importance render it

difficult to decide upon a valid basis for species

differentiation. A possible clue to aid system-

atises may be found in the ecology of the forms

being considered. At least in two pairs of closely

related species the most valuable clue is their

environment. A. dorsalis appears to be usually,

if not always, associated with sea urchins of the

genus Heterocentrotus, while the closely related

A. indicus with the sea urchins of the genus

Echinometra; again in the closely related pair,

A. marshallensis and A. rhothionastes, A. mar-

shallensis appears to be found only in the silty

sandy shorelines of lagoons, associated with

Alpheus strenuus Dana (whether it is a sym-

biotic association or a mere ecological associa-

tion is not known), while A. rhothionastes has

been found almost exclusively on the coralline

ridge of seaward reefs where it is subjected to

heavy surf. This type of aid, however, is also

questionable, for A. djihoutensis is widespread

in its environments; most were collected from

either the inner zone of outer reefs on islands,

especially on the lee side of an island, or from

somewhat similar conditions on the lagoon

beaches of an atoll; some, however, were col-

lected from near the surf line.

With so much variation, with the extent of

this variation apparently inconstant from species

to species, and with so many species described

on the basis of one or several individuals, it is

impossible to decide which species put into the



Alpheid Shrimp, ¥

—

BANNER and BANNER 137

two genera should be regarded as valid. In the

following key we have not combined any species

for which we have no specimens. We also do not

include the few non Indo-Pacific species, but we
do include those species from the Pacific that

are nontropical

KEY TO THE INDO PACIFIC SPECIES OF
Athanas3

1. Palm of large chela cylindrical or

subcylindrical in section; carpus

of second legs with five articles.... 2

Palm of large chela flattened, def-

initely higher than broad in sec-

tion, carpus of second legs with

four or five articles 22

2(1). Legs of first pair, when fully devel-

oped, carried directed forward;

merus short, not excavate 3

Legs of first pair, when fully devel-

oped, with chelae carried folded

against an excavate and expanded

merus 6

3(2). Supracorneal teeth present

A . areteformis Couriered

Supracorneal teeth absent 4

4(3). Dactylus of third legs biunguicu-

late.... A. grand Coutiere

Dactylus of third legs simple, but

may carry an articulated spinule at

usual point of biunguiculation. . . . 5

5(4). Dactylus of third legs simple; with

both extra- and infracorneal teeth

A. crosslandi Tattersall

Dactylus of third leg carrying an

articulated spinule; with only ex-

tracorneal teeth (originally de-

scribed as infracorneal teeth )

A* gracilis Boone

6(2). Supracorneal teeth present

A. djiboutensis Coutiere

3 Athanas tenuipes de Man is omitted from the key

as the type specimen, the only specimen known, lacked

both legs of the first pair. Otherwise, it is character-

ized by five articles in the carpus of the second legs,

the lack of supracorneal teeth, the presence of extra

and infracorneal teeth; its rostrum reaches to the mid-
dle of the second antennular article; and third legs

and telson of slender and elongate form.

'•'Those species whose names are in italic are dis-

cussed in this paper.

Supracorneal teeth absent 7

7(6). Dactylus of third leg biunguiculate.. 8

Dactylus of third leg simple 9

8(7). With infracorneal tooth

A. parvus de Man
Without infracorneal tooth or pro-

jection A. jedanensis de Man

9(7). Carpus of first leg longer than palm

in mature females 10

Carpus of first legs equal in length

to palm, or shorter, in mature

females 15

10(9). Ischium of first legs with strong dis-

tal spine... A. orientalis Pearson

Ischium of first legs not so armed.... 11

11(10). Palm of chela in female less than

1.5 times length of fingers 12

Palm of chela in female 2.0 or more
times length of fingers 13

12(11). Palm of chela in female shorter than

fingers; stylocerite reaching to

end of third antennular article;

dactylus of third legs one-third

length of propodus

A. setoensis Kubo
Palm in female equal to fingers;

stylocerite reaching slightly past

end of first antennular article;

dactylus of third legs more than

half length of propodus

A. polymorphus Kemp

13(11). With extracorneal tooth strong and

acute; infracorneal projection

almost as long as extracorneal

tooth, but rounded

A. stebbingi de Man
With only extracorneal tooth (or

infracorneal tooth) produced and

acute ...14

14(13). Rostrum reaching to end of second

antennular article

A. dimorphus Ortmann

Rostrum a little longer than anten-

nular peduncle

A. monoceros (Heller)

15(9). Infracorneal projection at most

slight and rounded... 16

Infracorneal projection present and

acute 18
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16(15). Rostrum reaching to end of anten-

nular peduncle

.A. lamellifer Kubo
Rostrum at most reaching to end of

second antennular article, usually

shorter 17

17(16). Palm of chelae 2.5 times length of

carpus, or shorter, in mature
females A. marshallensis Chace

Palm of chelae 3 to 5 times length

of carpus in mature females

A . rhothionastes Banner

18(15). Infracorneal tooth longer than ex-

tracorneal tooth 19

Infracorneal tooth shorter than ex-

tracorneal tooth 20

19(18). Dorsal carina extending along an-

terior half of carapace and ros-

trum A. japonicus Kubo
Anterior carapace without dorsal

carina . A. esakii Kubo

20(18). Dactylus of large chela of male

Strongly curved, "half-moon

shaped," much longer than fixed

finger..... A. oshimae Yokoya

Dactylus of large chela of male at

most slightly curved, not "half-

moon shaped," not markedly
longer than fixed finger (males

unknown in A. haswelli below) ..21

21(20). Carpus and chelae slender in fe-

males 5 A. haswelli Coutiere

Carpus and chelae of females more

robust5
....A. minikoensis Coutiere

22(1). With well-developed supracorneal

teeth 23

Without trace of supracorneal

teeth; carpus of second legs with

four articles 25

23(22). With carpus of second legs with

five articles, lower portion of

palm of large chela bearing nu-

merous papillae

A. verrucosus Banner

5
Co”tiere’s only differentiation between these two

species is as follows: "[The cheliped of A. hasivelli]

a la mem; forme cylindrique et grele [as A. dimor-

phus\ ce qui distingue l’espece de VA. minikoensis ou

la oirce est beancono plus robust et le carpe court.”

Bull. Soc. Philom. IX, 11(5): 2. 1908.

With carpus of second legs with

four articles; lower portion of

palm of large chela without
papillae 24

24(23). Ventral side of rostrum smoothly

convex; base of outer flagellum

with four articles; propodal spine

of uropod simple

A. borradailei (Coutiere)

Ventral side of rostrum with an ob-

tuse angle; base of outer anten-

nular flagellum with more than

four articles; propodal spine of

uropod bifid

A. ghardaqensis (Ramadan)

25(22). Rostrum reaching to middle or end

of third article of antennular

peduncle. Usually associated with

sea urchins of the genus Echi-

nometra A. indicus (Coutiere)

Rostrum not reaching past middle

of second antennular article,

usually only to end of first article

or shorter 26

26(25). Telson elongate, 6.5 times as long as

posterior margin is broad; pos-

terior margin one-third breadth

of base. Symbiotic association, if

any, unrecorded

A. amboinensis (de Man)

Telson less than 4 times as long as

posterior margin is broad; pos-

terior margin one-fourth to one-

fifth breadth of base. Usually as-

sociated with sea urchins of the

genus Heterocentrotus

A. dorsalis (Stimpson)

Athanas areteformis Coutiere

Athanas naifaroensis Coutiere, 1903- Bull. Soc.

Philom. Paris IX, 5(2): 77, figs. 14-16;

[same description and figures in 1905, Fauna

and Geog. Maidive and Laccadive Archi-

pelagoes 2(4): 859, fig. 131 a-c].

Athanas areteformis Coutiere, 1903. Op. cit. p.

79, figs. 17-19; [same description and figures

in 1905, op. cit., p. 860, fig. 132 a-c],

Athanas erythraeus Ramadan, 1936. Bull. Fac.

Sci. Egypt. Univ. 6: 13, pi. 1, fig. 1.
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Athanas dubius Banner, 1956. Pacif. Sci. 10(3):

323, fig. 2a—h.

DISCUSSION: These four nominal species were

all described on the basis of a few specimens,

as listed in the introduction: Coutiere had two

females, one incomplete, for A. naifaroensis;

one complete male and one incomplete female

for A. areteformis; Ramadan had one female for

A. erythraeus; I had nine specimens from Sai-

pan. Since the original description several more

specimens have been reported for A. areteformis

(Chace, 1955: 21; Balss, 1915: 30) and for

A. naifaroensis (de Man, 1922: 16; Barnard,

1950: 731) and no more specimens have been

reported for A. erythraeus.

The four species were separated by various

characteristics. A. naifaroensis differed from A.

areteformis seemingly only in the presence of

infracorneal spines (the chela of the male had

never been observed ) . For his species, Ramadan
listed a number of differences that would dis-

tinguish it from A. areteformis: 1. The visible

portion of the first article of the antennular

peduncle he stated was considerably longer than

the sum of the other two in A. areteformis and

about equal to the sum in A. erythraeus. Ap-

parently this is in error, for Coutiere does not

state or show such a relationship, and in speci-

mens that are plainly A. areteformis the relation-

ship is as it is described for A. erythraeus. 2. The
lateral corneal spine "is not as well developed"

in A. erythraeus as in A. areteformis. 3. The
chela of the female in A. erythraeus is like that

of the male A. areteformis (although Ramadans
plate does not show this condition); the dactyl

and fixed finger had low teeth.

A. dubius was distinguished from A. arete-

formis principally by the forms of the male and

female chelae with the fingers on the male being

slender and straight more like the female A.

areteformis, and the palm on the female being

broader; also the ischium on the male and

female carried spines which apparently were

lacking in the female A. areteformis.

In the present collections there are 25 speci-

mens that can be referred to this complex;

unfortunately, many of them are small or in-

complete.

These specimens are found to be variable in

all characteristics that have been used for the
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separation of these species. The rostrum reaches

from near the end of the second antennular

article to the middle of the third; in some the

basal portion has parallel sides, in others the

rostrum has an almost uniform taper to the tip.

The supracorneal teeth are well developed and

acute in some, while in others they are shorter

and more rounded, like the condition depicted

for A. dubius; the cleavage between the base of

the rostrum and supracorneal spines also varies

in depth and definition. All but five specimens

lack the infracorneal tooth; however, on these

five the tooth varies from considerably smaller

to larger than that depicted for A. naifaroensis.

In the collection are three specimens from Tonga

from the same location, two without teeth and

the third carrying a small but definite tooth.

Similar variations can be seen in the length

ratios of the antennular articles, and at least

within narrow limits, in the development of the

lateral spine of the scaphocerite.

In the series many of the specimens lack the

chelae. The females all show the type illustrated

for A. naifaroensis and A. dubius. In this ap-

pendage the merus varies from 2.5 to 3.3 times

as long as broad, with the two sides showing

asymmetry and the larger specimens in general

with the higher ratios; the length-breadth ratio

of the carpus runs from 0.7 to 1.1; the palm,

2.0 to 2.7; the palm varies from 1.3 to 1.8 times

the length of the fingers. All specimens have

from three to five spines on the ischium. One
female of 3.3 mm. carapace length had slight

teeth on the dactylus, similar to those described

by Ramadan.

Of the males all specimens but one also had

a chela as described for A. dubius and female of

A. areteformis with a slender merus, with the

length from 1.6 to 3.0 times the breadth; the

carpus somewhat elongate, 0.8 to 1.0 times as

long as broad; the palm from 1.4 to 2.6 times as

long as broad, and the palm 1.4 to 1.8 times the

length of the fingers. However, the largest of all

males, with a carapace length of 3.2 mm. had

the form described for the male A. areteformis,

with short curved fingers, a heavy cylindrical

palm 3.3 times the length of the fingers. This

specimen came from the same collection (BE-11)

as did two larger females and a small male

(carapace length of 2.2 mm.) with a typically
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TABLE 1

Variation in Proportions in the Chelae of Athanas djiboutensis Coutiere

LOCALITY SEX
CARAPACE
LENGTH

SMALL CHELA LARGE CHELA

r? $ n 2
S' ~ % n
to 3 3
8 p 5

( in proportion to palm

)

Merus

1/b

Carpus

1/b
O

Carpus

£0

Palm

R0&

Fingers

.2

g
O)

p

palm)

Merus

1/b

Carpus

1/b

Tahiti $ 2.7 mm. 0.8 1.0 1.0 1.6 0.4 1.0 0.2 1.0

Tahiti $ 2.7 mm. 1.0 1.0 1.4 2.0 1.6 2.3 0.5 1.0 0.2 1.2 3.0 1.2

Tonga $ 3.0 mm. 0.8 1.0 1.1 1.8 1.7 2.7 0.4 1.0 0.2 0.9 4.0 1.7

Samoa $ 3.0 mm. 0.7 1.0 0.9 1.5 2.7 2.0 0.4 1.0 0.2 1.2 5.0 1.6

Canton $ 3.0 mm. 0.8 1.0 2.0 1.8 4.0 4.0 0.4 1.0 0.2 1.0 2.0 —
Samoa $ 3.4 mm. 0.8 1.0 1.1 2.0 3.5 2.0 0.4 1.0 0.2 1.0 4.3 LI
Tonga 2 3.5 mm. 0.7 1.0 1.2 1.6 3.0 2.5 0.3 1.0 0.2 1.0 4.6 1.4

Tonga $ 3.6 mm. — — — — — — 0.3 1.0 0.2 1.2 4.1 0.7

Samoa 2 2.1 mm. 0.8 1.0 0.8 1.4 3.5 2.0 0.4 1.0 0.3 1.0 5.2 1.2

Tahiti 2 2.2 mm. 0.8 1.0 0.9 1.8 3.0 1.5 0.4 1.0 0.4 1.2 3.0 1.1

Tahiti 2 2.4 mm. 0.7 1.0 0.3 1.2 — — 0.3 1.0 0.2 1.1 3.0 1.8

Samoa 2 2.4 mm. 0.6 1.0 0.9 1.6 2.0 1.6 — — — — — —
Samoa 2 2.4 mm. 0.8 1.0 1.1 1.6 2.6 2.0 0.4 1.0 0.2 1.0 2.5 1.1

Tahiti 2 2.4 mm. 0.8 1.0 1.0 1.6 1.3 2.5 — — — — — —
Fiji 2 2.5 mm. — — — — — — 0.4 1.0 0.3 1.2 2.2 1.0

Eniwetok 2 2.7 mm. 0.6 1.0 0.3 1.2 2.5 1.4 0.3 1.0 0.3 1.0 2.2 1.0

Eniwetok 2 2.7 mm. 0.6 1.0 0.6 1.8 2.6 1.6 0.4 1.0 0.3 1.0 2.1 1.0

Eniwetok 2 2.8 mm. 0.4 1.0 0.3 1.3 3.8 1.0 0.4 1.0 0.2 1.0 2.4 1.0

Samoa 2 2.8 mm. 0.5 1.0 0.3 1.4 2.8 1.0 0.4 1.0 0.1 1.0 2.3 1.0

Eniwetok 2 3.1 mm. 0.4 1.0 0.3 0.9 2.4 1.0 0.2 1.0 0.1 0.8 2.9 1.0

Samoa 2 3.2 mm. 0.5 1.0 0.2 1.3 2.3 0.9 0.3 1.0 0.3 1.1 2.0 1.5

Samoa 2 3.4 mm. 0.5 1.0 0.2 1.5 2.6 1.0 0.3 1.0 0.2 0.9 2.1 1.1

Samoa 2 3.6 mm. 0.6 1.0 0.2 1.3 2.3 1.0 0.3 1.0 0.2 0.9 2.1 0.9

Samoa 2 3.9 mm. 0.6 1.0 0.3 1.3 2.4 1.4 0.3 1.0 0.2 1.0 2.2 1.2

feminine chela. This variation in the chelae is

similar to that of other members of the genus.

With these variations the distinctions be-

tween the four nominal species have disap-

peared. As the original description of A. arete-

formis carries the description and figure of the

characteristic chela of the male, we have chosen

to retain that name rather than the name A.

naifaroensis, which would have to be selected

were strict page priority to be followed.

DISTRIBUTION: These specimens have been

reported from South Africa, the Red Sea, the

Maidive and Laccadive Archipelagoes, and the

Marianas. Specimens in the present collections

were collected from various places on reef flats

and fronts, lagoons, lee and windward reefs at

varying depths. There is one specimen for Fiji,

four from Tonga, one from British Samoa, four

from the Cook Islands, three from the Society

Islands, and five specimens from the Marshall

Islands.

Athanas djiboutensis Coutiere

Athanas djiboutensis Coutiere, 1897. Bull. Mus.

Hist. Nat., Paris 3(6): 233.

Athanas sulcatipes Borradaile, 1898. Proc. Zool.

Soc. Lond., p. 1011, pi. 65, fig. 9-

DISCUSSION: As discussed in the introductory

section this widespread and common species is

quite constant in its characteristics except for

the branchial formula and the growth and sexual

differences of the large chela. Some minor dif-

ferences in length of the rostrum are found, as

was discussed for the Saipan specimens (Ban-

ner, 1956: 322).

In Table 1 below, the proportions of the male

and female chelae are given for specimens taken

at random from the collections and arranged

according to carapace length. The changes of

proportions with sex and growth are clearly

shown, and the variation between specimens of

nearly the same size does not appear to be from
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geographical races, but variation of the type that

could be found within a single population.

DISTRIBUTION: This species has been previ-

ously reported from the Red Sea, Mozambique,

Maidive Archipelago, Christmas Island (Indian

Ocean ) . Indonesia, Great Barrier Reef, Mariana

Archipelago, Marshall Islands, Wake Island, El-

lice Islands, Samoa, Tuamotus, and the Mar-

quesas. In the present collections specimens are

from the Caroline Islands, Marshall Islands,

Phoenix Islands, Fiji, Tonga, Samoa, Cook Is-

lands and Tahiti.

Athanas parvus de Man
Fig. 1

Athanas parvus de Man, 1910*. Tijdschr. Ned.

Dierk. Ver. II, 11(2): 315. [Additional de-

scription and figures in Siboga Exped. 39a1

(2): 148, fig. 4a-d.]

Athanas parvus de Man, Kubo, 1940A Annot.

Zool. Jap. 19(2): 99, figs. 1, 2. [Additional

description.}

Athanas sibogae de Man, 1910*. Tijdschr. Ned.

Dierk. Yer. II, 11(2): 314. [Additional de-

scription and figures in Siboga Exped. 39a1

(2): 151, fig. 6a-h.}

DISCUSSION: Unfortunately, none of our

eleven specimens are complete. The carapace

and the intact appendages agree well with the

published descriptions of Athanas parvus. There

are the usual slight differences in proportions

—

for example, the merus of the third legs usually

runs about 5 times as long as broad instead of

7 bur these differences, like .those given by

Kubo, appear to be of no taxonomic importance.

One male only had a chela intact; it is not

known whether this is the larger or smaller, or

if they are of symmetrical development. How-
ever, as the chela of the male has never been de-

scribed, it is shown in Figure 1. In it the ischium

is rather long and slender; the merus is 3.4 times

as long as broad, excavate along the lower mar-

gin to accommodate the chela when flexed; the

carpus is short and not distally expanded; the

palm is slender and tapering, 2.5 times as long

as broad, without grooves or ridges; the dacty-

lus has been broken, but the remaining portion

of it and the fixed finger are quite straight and
bear a series of low, conical teeth. Presumably
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this is not the fully mature stage of the chela,

and in this condition it resembles the chela de-

scribed for A, jedanensis de Man.

A. parvus was previously placed into the

Nitescens group of the genus because the chela

described for the female, which may be im-

mature, were carried extended; this male shows

that its rightful position is in the Dimorphus
group. With this differentiating character re-

moved only very slight differences can be found

between this species and A. sibogae » There is a

slight difference in the infracorneal tooth, the

chelae appear to be different and the lower

unguis of the dactylus of the third leg is heavier

and make a greater angle to the dactylus in this

species than it does in A. sibogae. With the

great differences in other species, especially in

A. areteformis, in the development of the orbital

teeth, and with the growth and sex differences

in the chela in this genus, the first two char-

acteristics cannot be regarded as sufficient for

specific separation; the difference in develop-

ment of the dactyls is so slight that that too

cannot be relied upon. The two species later may
be found to be distinct, but with the present

knowledge of inherent variation within this

FIG. 1. Athanas parvus de Man. Chela of male from

Samoa (BBS- 10); tip of dactylus lost in specimen.
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TABLE 2

Variations in the Chelae of Athanas marshallensis Chace

LEFT CHELA RIGHT CHELA

SEX
CARAPACE
LENGTH

2 y n g
5' EL £ ^
to 3 T3 p

( in proportion to palm

)

Merus

1/b|i
Palm

1/b

p ^ o g
D P-. *r cd

'S 3 S
h-j ^ C/5

C/5
5/3

( in proportion to palm

)

Merus

1/b

Palm

1/b

9 3.1 mm. 0.6 1.0 1.0 1.4 4.0 2.7 0.5 1.0 1.1 1.5 3.7 2.5

$ 3.5 mm. 0.5 1.0 0.8 1.2 3.8 3.0 0.4 1.0 0.6 1.2 3.8 3.6

9 3.6 mm. 0.5 1.0 1.0 1.4 4.0 3.4 0.4 1.0 0.6 1.2 4.0 3.3

9 3.7 mm. 0.3 1.0 0.9 1.3 4.5 3.5 0.3 1.0 0.8 1.3 3.8 2.8

9 4.5 mm. 0.3 1.0 0.4 1.0 3.0 3.0 0.3 1.0 0.6 1.1 3.3 3.7

9 4.6 mm. 0.4 1.0 0.8 1.4 3.5 3.1 0.3 1.0 0.6 1.2 3.2 3.4

9 5.2 mm. 0.4 1.0 0.4 1.1 3.3 3.1 0.4 1.0 0.4 0.9 3.0 3.2

2 4.3 mm. 0.3 1.0 0.2 0.9 3.0 2.7 0.2 1.0 0.2 0.9 2.8 3.0

2 4.6 mm. 0.2 1.0 0.2 0.9 2.5 3.0 0.2 1.0 0.2 0.9 2.5 3.0

2 5.3 mm. 0.3 1.0 0.3 1.0 2.7 2.3 0.3 1.0 0.2 0.9 2.5 3.2

genus, it appears wiser to place A. sibogae in

synonymy.

Indeed, A. jedanensis may also be found to be

a synonym. In this species the chief distinction,

when the differences in the chelae are ruled out,

is the absence of the infracorneal spine. If this

is variable, as it is in A. areteformis, then there

is but one species. However, as in this small

collection no transitional forms were found,

A. jedanensis has been retained.

distribution: A. parvus has been reported

from the type locality, in Indonesia, and from

southern Japan; A. sibogae only from Indonesia.

Specimens in the present collections came from

various places on the reef flats in from 1 to 6

feet of water and were largely from dead coral

heads. There were seven specimens from Tonga,

and four from Samoa.

Athanas marshallensis Chace

Fig. 2

Athanas marshallensis Chace, 1955. Proc. U. S.

Nat. Mus. 105(3349): 17-20, fig. 8.

DISCUSSION: All the 11 specimens available

were collected in a single narrow habitat at

Eniwetok, Marshall Islands, under loose coral

boulders resting on a sandy substrate in the in-

tertidal zone where they were collected together

with Alpheus strenuus Dana, Salmoneus tricris-

tatus Banner, and S. sibogae (de Man). It is

noteworthy that in similar habitats in other

archipelagoes producing widespread A. strenuus

this species was not collected; all specimens

known have been collected solely from the

northern Marshall Islands.

In this series of specimens the usual changes

in form of the chelae with size and sex are

found. Table 2 gives the changes in proportion

with size of all specimens collected; Figure 2b-d

shows the changes with growth in the female

and the chela of a mature male for contrast.

The proportions show that the chelae of the

large male are quite symmetrical; it is possible

that the chelae of very large females, larger than

those represented in the collection, may also be-

come symmetrical.

The differences between this species and A.

rhothionastes Banner are discussed under the

latter species. This species may prove to be a

synonym of A. esakii Kubo but at present the

two forms appear to be distinct; this is discussed

under A. esakii.

DISTRIBUTION : As stated above all specimens

of this .species have been collected from the

northern Marshall Islands.

Athanas rhothionastes sp. nov.

Fig- 3

TYPE SPECIMENS: Holotype, a 12 mm. (4.8

mm. carapace length) ovigerous female; allo-

type, a male of the same size; paratypes from

the same locality, at end of surge channels, edge

of reef front, leeward (western) side, Canton
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Island, Phoenix group, collected by A. H. Banner

1 March 1954. Additional specimens from Eni-

wetok, Vitilevu, Tongatabu, Opolu, Tutuila,

Aitutake, and Tahiti, all from surf zone on reef

fronts except for one specimen from the lagoon

at Eniwetok ( BE-2 ) ;
this, however, must have

been subject to surge for it came from the base

of Pocillopora meandrina Verrill, a coral that

never lives in still waters.

DESCRIPTION: Rostrum acute with sides of

uniform taper or with slight "jog” in lateral

margins anterior to eyes; tip reaching to middle

of second antennular article; slight carina in

anterior half. Supracorneal teeth lacking; extra-

corneal teeth acute, reaching almost to end

of corneas; infracorneal projection short and

rounded; pterygostomial corner rounded. Cor-

neas of eyes concealed in posterior portion and

laterally by extra- and infracorneal projections.

Antennular peduncle short and heavy, with

first, second and third articles subequal in length,

second article as broad as long. Stylocerite long,

lanceolate, tip reaching to near end of third an-

tennular article. Scaphocerite broad and long,

tip reaching beyond end of antennular peduncle;

lateral spine strong, slightly exceeding squamous

portion in length. Basicerite unarmed. Carpo-

cerite reaching about to end of antennular

peduncle.

Chelae of large female symmetrical. Ischium

bearing four strong spines on superior margin.

Merus $.2 times as long as broad, unarmed;

superior external and internal surfaces smooth

and flat; inferior surface deeply excavate to ac-

commodate propodus, short, 0.2 to 0.5 'length of

palm (depending upon place measured), nor-

mally greatly flexed. Palm subcylindrical, $.5

times as long as broad, equal in length to

merus, tapering slightly towards fingers; dactylus

curved, one-quarter as long as palm with irregu-

lar, large rounded teeth matching exactly with

teeth on fixed finger. Chelae in allotype of same
carapace length considerably larger and slightly

asymmetrical with the right almost 10 per cent

larger than the left; in both male chelae, merus
and palm are markedly thicker than those of

the female. Armature of fingers poorly devel-

oped in smaller chela; on large chela fixed finger

bearing single large rounded tooth and smaller

tooth proximally, dactylus bearing two teeth in

L

—

/mm.

Fig. 2. Athanas marshallensis Chace. Chelipeds of

various individuals from Eniwetok. a, 4.6 mm. $

;

b, 4.5 mm. $ ;
c, $.7 mm. $ ;

d, $.1 mm. $ .
(All to

same scale.)
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TABLE 3

Variation in the Chelipeds of Athanas rhothionastes sp. nov.

LOCALITY SEX
CARA-
PACE

LENGTH

SMALL CHELA LARGE CHELA

Fingers

^

g V |
3 c 1

proportion to

palm)

Palm

1/b

Carpus

1/b

Merus

1/b

J3I
3’

DTP

n>
in
v>

(in

$ O g
3 2

£

proportion to

palm)

Palm

1/b

Carpus

1/b

Merus

1/b

Tahiti $ 2.8 mm. 0.5 1.0 1.6 1.4 2.7 2.5 3.2 0.4 1.0 0.2 0.8 2.7 1.2 2.8

Tahiti 9 3.2 mm. 0.3 1.0 0.2 1.0 2.6 1.3 2.5 0.4 1.0 0.2 0.8 2.7 1.2 2.5

Tahiti 9 3.4 mm. _ — — — — — — 0.4 1.0 0.2 1.0 2.8 1.5 2.8

Canton 9 3.8 mm. 0.3 1.0 0.2 0.8 2.9 1.2 2.8 0.4 1.0 0.2 1.0 3.1 1.4 3.2

Canton 9 3.9 mm. 0.3 1.0 0.2 0.8 3.0 1.3 3.0 0.3 1.0 0.2 0.9 2.8 1.1 3.6

Eniwetok 9 4.1 mm. 0.4 1.0 0.2 0.9 2.7 1.4 2.9 0.3 1.0 0.2 0.9 2.6 1.5 2.7

Canton 9 4.3 mm. 0.4 L0 0.2 1.0 2.7 1.3 2.7 — — —

•

—

.

— — —
Canton 9 4.5 mm. 0.4 1.0 0.3 1.1 2.6 1.8 2.8 _ — _ — —

-

— —
Samoa & 2.7 mm. —

—

— _ — — — 0.4 1.0 0.3 1.1 2.8 1.8 3.2

Tahiti S 2.8 mm. 0.3 1.0 0.3 1.0 3.0 1.5 2.7 0.4 1.0 0.2 0.9 2.5 1.0 2.5

Fiji $ 3.2 mm. — — — — —

-

— — 0.2 1.0 0.2 0.9 3.0 1.6 2.4

Tonga $ 3.4 mm. 0.3 1.0 0.2 0.9 2.9 1.6 2.6 0.3 1.0 0.2 0.9 2.6 1.6 2.9

Canton s 3.4 mm. 0.4 1.0 0.2 1.0 2.8 1.5 3.3 0.3 1.0 0.2 0.9 2.9 1.3 2.5

Tahiti s 3.5 mm. 0.3 1.0 0.1 0.9 3.2 1.6 3.0 — — — — — — —

-

Tahiti s 3.7 mm. 0.3 1.0 0.2 1.1 2.7 1.0 2.9 0.3 1.0 0.2 1.0 3.1 1.2 2.8

Canton $ 4.2 mm. — — — —

-

— — — 0.2 1.0 0.2 0.9 3.1 1.0 2.1

Canton 6 4.3 mm. 0.3 1.0 0.2 1.0 3.0 1.5 2.4 0.3 1.0 0.2 0.9 2.5 0.9 2.4

opposition to large tooth (evidently these are

thin and used for cutting as they slide past each

other).

Carpal articles of second leg with ratio: 10:

1: 1: 1: 5.

Ischium of third legs unarmed, 0.4 as long as

merus; merus unarmed, 5 times as long as broad;

superior distal margin of carpus projecting but

rounded, carpus 0.5 as long as merus; propodus

0.9 as long as merus, armed with scattered spines

along inferior margin; dactylus slender, slightly

curved, acute and simple, and 0.3 as long as

propodus.

Telson 33 times as long as broad distally,

twice as broad proximally as distally; lateral

margins with uniform taper; tip broadly arcuate;

dorsal and terminal spinules normal. Uropods

longer than telson, outer uropod armed with

tooth and movable spine at articulation.

Color in life not noted.

DISCUSSION : Variation in this series of speci-

mens has been carefully studied to determine if

they are distinct from closely related species.

The rostrum is always acute, almost always ta-

pering, although there are a few with straight

parallel sides in the proximal third to half; the

tip reaches from the middle to the end of the

second antennular article except for a very small

specimen from Samoa, where the tip reaches to

the middle of the third antennular article. In

many, the rostrum appears more narrow than in

the holotype and often has a slight upturn

towards the tip when seen in side view. Like-

wise, with few exceptions, the extra- and infra-

corneal projections are quite uniform; in the

small specimens from Samoa assigned to this

species the infracorneal tooth is almost acute; in

one from the type locality the extracorneal tooth

is bifid on one side and with the infracorneal

projection rounded but on the other side in the

same specimen the upper tooth is normal and

the infracorneal tooth is acute.

Fig. 3. Athanas rhothionastes Banner. Holotype (female) a-i; allotype j-m. a, b, Anterior region; c, d, e, f,

chelipeds; f, interior lateral surface of chelae; g, second leg; h, third leg; i, telson; j, k, large cheliped and

fingers; l, m, small cheliped and fingers; n, large and small chelae of 2.7 mm. (carapace length) ovigerous

female from Tahiti (BD-2)
;

o, same from 3.0 mm. ovigerous female from Eniwetok (BE-4). (Anterior body

region and telson, scale a; all other appendages scale b.)
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The proportions of the chelipeds are given in

Table 3. The 2.7 mm. female from Tahiti with

the asymmetrical chela (Fig. 3n) is almost cer-

tain to belong to this species, for it was col-

lected with larger specimens of the species with

normal chelae. There may be some question

about the 3.0 mm. female from Eniwetok (Fig.

3 o) for it was collected alone and its rostrum

had been broken. However, as its chelae could

represent an earlier stage of development, as it

agrees with the species on other characteristics,

and as it was collected from the typical habitat

of this species, we believe we can safely assume

it to belong to A. rhothionastes. The develop-

ment of ischial spines of the chelipeds appears

to be variable.

If these two smallest specimens given in the

table do belong to this species, then here again

we have the variation on the chelipeds with age

and sex that seems to be characteristic of so

many species of this genus. The degree of uni-

formity in the rostrum and corneal spines casts

some doubt upon the uniting of species like

A. naifaroensis and A. areteformis (see previous

sections )

.

A. rhothionastes is closely related, morpho-

logically, to two species, A. lamellifer Kubo and

A. marshallensis Chace. This group of species

of the Dimorphus group are characterized by

the lack of supracorneal teeth, acute extracorneal

teeth, rounded infracorneal teeth, with the palm

definitely longer than the carpus in mature

females, and with simple dactyli of the third

legs. The distinction between this species and

A. lamellifer is fine and questionable, for the

chief differences lie in the length of the rostrum,

which exceeds the length of the antennular

peduncle in A. lamellifer and usually reaches

only to the end of the second antennular article

in A. rhothionastes, and in the armature of the

fingers of the large chela of the male, bearing

merely setae in Kubo’s species and bearing heavy

teeth and setae in this species. The ischium of

the cheliped of A. rhothionastes appears con-

sistently longer than that reported by Kubo. The

carpus of the cheliped is consistently longer in

A. marshallensis than in A. rhothionastes in the

immature stages and in the fully developed

females; there are no obvious differences be-

tween the males of the two species.
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Possibly better than the morphological dif-

ferentiation between the three species would be

the ecological differences. A. rhothionastes so far

as had been collected always occurs in regions of

surge or heavy surf on coral reefs, usually on the

outermost reef fronts in the coralline ridge and

near the end of the surge channels; A. lamellifer

has been reported only from the colder waters

of Tokyo Bay (Tiba Prefecture of Kubo is now
transliterated Chika) under stones on a muddy
shore, and while there was nothing in the orig-

inal listing for A. marshallensis that would in-

dicate ecology, all specimens I have collected

from Eniwetok, the type locality, came from

under rocks on a sandy bottom in a somewhat

protected cove on the lagoon side of one of the

islets.

The specific name is derived from the Greek

rhothion, meaning breakers or surf, and nastes,

meaning inhabitant.

Athanas esakii Kubo

Athanas esakii Kubo, 1940^. J. Fish. Inst. Tokyo

34(1): 93-95, fig. 13a-p.

DISCUSSION: This small and obviously im-

mature specimen was collected with numerous

and larger specimens of A. marshallensis Chace

apparently in a single ecological niche. On the

basis of ecology, therefore, the separation of the

two species is doubtful.

The specimen appears to be distinct from

A. marshallensis only in the presence of an acute

infracorneal tooth, all traces of which are lack-

ing in A. marshallensis . While this characteristic

does not appear to be reliable in other species

of this genus, as in A. areteformis, the lack of

intergrading specimens would make the place-

ment of A. marshallensis in synonymy at this

time a questionable step.

The chelae of this specimen are not exactly

like either A. marshallensis nor A. esakii

,

but

sufficiently close to both that the differences

could easily be the result of immaturity. In this

specimen the chelae have the following pro-

portions:

Merus Carpus Palm Fingers

Smaller chela 1.5 1.0 1.0 0.6

Larger chela 1.3 0.8 1.0 0.5
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Kubo reported that in his female specimen,

somewhat larger than this, the chelae were no-

ticeably asymmetrical; in this specimen the

chelae were almost the same size.

DISTRIBUTION: Kubo’s specimens came from

Kusaie in the Caroline Islands while our speci-

men came from Eniwetok and was found under

a boulder in the sand on the lagoon side of an

islet.

Athanas verrucosus sp. nov.

Fig. 4

TYPE SPECIMEN: An ovigerous female, cara-

pace length of 3.9 mm., total length of 11 mm.,

collected from coralline ridge, ocean (windward)

reef, Parry Island, Eniwetok, 3 March 1957, by

A. H. Banner (station BE-23). Sole specimen

known.

DESCRIPTION : Body form usual. Rostrum

short, reaching about to end of first antennular

article; acute in dorsal view, triangular with

straight sides; in lateral view with dorsal margin

curved upward towards tip, ventral margin with

double curve and bearing small tuft of setae;

rostrum and carapace without carina. Supra-

corneal teeth distinct, acute, reaching almost to

end of cornea; extracorneal teeth larger, exceed-

ing length of cornea; infracorneal projection

absent. Corneas covered posteriorly by collar

between supra- and extracorneal teeth. Ptery-

gostomial corner projecting but rounded.

Antennular peduncle short and heavy, with

second article almost twice as long as broad.

Superior distal margins of first and second ar-

ticles each armed with four strong teeth. Stylo-

cerite narrow, with tip reaching to near end of

second article. Upper flagellum with only trace

of bifurcation. Antennal peduncle also heavy.

Basicerite thick, lateral region projecting as a

broad tooth, bearing broadly acute tip. Carpo-

cerite very heavy, only 1.5 times as long as broad,

and 1.3 times broader than thick; tip reaching

beyond end of antennular peduncle. Scapho-

cerite with tip of lateral spine reaching slightly

beyond end of antennular peduncle, squamous

portion broad and rounded, almost as long as

lateral spine. Antennal flagellum reaching pos-

teriorly to end of second abdominal segment.

Mouth parts protruding as those in A. para-

gracilis Coutiere and A. huikau Banner with in-

flated labrum and with psalistome of mandibles

expanded and almost hemispherical; teeth on

psalistome small and numerous.

Chelipeds symmetrical except for 10 per cent

difference in size. Ischium heavy, 0.7 length of

merus, bearing five to six movable spines on

inferior, three on superior margin. Merus com-

pressed, triangular in section, with inferior sur-

face flat and less broad than sides; outer face

1.5 times as long as broad at maximum breadth.

Carpus 0.8 as long as merus, proximally very

thin and narrow, distally greatly expanded to be

0.5 as broad as long; triangular in section; distal

margins slightly projecting to cover base of

chela. Chela short, 1.8 times length of merus,

flattened, with thickness 0.5 of maximum
breadth; inner face flattened, outer face convex;

suboval area of outer face running from base to

articulation of flattened dactylus; area distally

delimited on inferior side by rounded shoul-

der; triangular area of lower distal margin of

palm and proximal portion of finger armed by

strongly projecting papillae, those best devel-

oped longer than broad at base and turned dis-

tally; setae arising between bases of papillae;

inner face without papillae. Dactylus 0.4 as long

as palm, curved, crossing tips with fixed finger,

armed with two low rounded teeth fitting ex-

actly with cutting edge of fixed finger.

Second legs markedly shorter than third legs,

with length from meral-carpal articulation equal

to combined lengths of ischium and merus. First

and fifth carpal articles subequal; second, third,

fourth articles subequal, each about 0.4 length

of first or fifth article; first carpal article prox-

imally narrow, about half width of fifth article.

Third legs robust. Ischium unarmed, 0.5

length of merus. Merus unarmed, 0.4 as broad

as long. Carpus armed distally on superior mar-

gin with rounded tooth, on inferior margin with

subterminal movable spine; almost 0.6 as long

as merus, slightly more than half as broad as

merus. Propodus at most slightly longer than

merus, slightly curved, with five inferior and

one distal spines; spines leaving middle portion

of propodus unarmed. Dactylus curved, acute,

simple, bearing tuft of setae. Fourth legs similar

but with spines of propodus more continuous

in arrangement. Fifth legs with only three in-

ferior spines on propodus; "brush” feebly de-
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Fig. 4. Athanas verrucosus Banner, a, b, Anterior body region; c, antennal peduncle, inferior aspect, in

situ; d, second maxilliped; e, smaller cheliped, lateral view; f, smaller cheliped, medial view; g, smaller chela,

outer face, viewed flat; h, second legs; i, j, third leg and dactylus; k, telson and uropods.
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veloped," with only three rows of light setae

found distally.

Abdomen normal except anterior pleura

greatly expanded, posterior pleura small; pleura

of sixth segment articulated. Telson normal,

sides almost straight, tapering, 2.2 times as

broad anteriorly as posteriorly, 4 times as long

as broad posteriorly; tip extended and rounded.

Uropods normal, narrow and long.

Branchial formula including five pleuro-

branchs, no arthrobranchs, and mastigobranchs

extending back to second thoracic leg, seto-

branchs to third. No anal tubercles.

DISCUSSION: In the old genus Athanas this

species is closely related to none; in the old

genus Arete, now united with Athanas, this

species is most closely related to A. borradailei

(Coutiere, 1903: 9) and A. ghardaqensis (Rama-

dan, 1936: 15). From both of these species it

is separated by the five-jointed carpus and the

presence of papillae on the palm. The difference

in the chelae could be from growth or sexual

dimorphism. A point for point comparison re-

veals other more minor differences. This species

differs from A. ghardaqensis by a greater num-

ber of articulations in the base of the inner

flagellum, by the presence of a small tooth on

the basicerite, and by longer uropods. From
A. borradailei, this species is distinguished by:

1. A more sinuate lower margin of the rostrum

and a triangular shape (when seen in dorsal

view); 2. the presence of serrations on the dis-

tal ends of the antennular articles; 3. the pres-

ence of many articulations in the antennular

flagellum; 4. slight differences in the last article

of the external maxilliped; 5. on the chelipeds,

the presence of spines on the ischium, and slight

differences in the proportions of the merus and

carpus in addition to the presence of papillae

on the palm; 6. a broader merus of the third

legs, being less than 2.5 times as long as broad

instead of three times. Also A. borradailei is

reported to lack all thoracic epipodites, while

this species has masigobranchs on the base of

the chela and second legs. Neither Coutiere nor

Ramadan discussed the mouthparts.

Each of these three species were described on
the basis of a single individual. While the dif-

ferences listed above, especially in the carpus of

the second legs, the chelae and the branchial
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formulae may be valid for their separation, the

three specimens are so similar in general con-

figuration and in the structure of the appendages

and rostral front that their specific separation is

very doubtful, particularly in view of the varia-

tion in other species of this genus. However,

with only one specimen of each nominal species,

it appears to be safest to leave them as separate

species.

The name verrucosus refers to the "warty”

condition of the palm of the large chela, a char-

acter in which this species appears to differ from

both related species.

Athanas indicus (Coutiere)

Arete dorsalis var. indicus Coutiere, 1903. Bull.

Soc. Philom. Paris IX, 5(2): 85.

Arete indicus Coutiere, 1905$. Fauna and Geog.

Maidive and Laccadive Archipelagoes 2(4):

863, figs. 134-135.

Arete iphianassa de Man, 1910a. Tijdschr. Ned.

Dierk. Ver. II, 11(4): 312; 1911, Siboga

Exped. 39a1
(2)

:

164, pis. 3, 4, fig. 11; 1922,

Siboga Exped. 39a4 (5): 22, pi. 3, fig. 11.

Banner, 1956. Pacif. Sci. 10(3) : 325.

Arete intermedins Yu, 1931. Bull. Mus. Hist.

Nat., Paris II, 3(6): 513-514, fig. 1.

Arete kominatoensis Kubo, 1942. Dobutsugaku

Zasshi fZool. Mag., Tokyo] 54: 82-85, figs.

1
,
2 .

DISCUSSION: The habitat of 15 of 16 speci-

mens from Aitutake was carefully observed

while the collections were made. They came

from the inner, but growing, portion of a wind-

ward reef, in a pool about six feet deep; every

specimen was associated with the boring sea

urchin, Echinometra, and were found both on

the body of the urchin between the spines and

within the smooth rounded cavity produced by

the urchin. While most of the other specimens

were not as carefully observed during their col-

lection, the ones that were noted (as from

Eniwetok) were so associated. Evidently, not

all individual specimens of Echinometra have

shrimp in association, for Echinometra was fre-

quently encountered while collecting and the

shrimp are quite uncommon in the collection.

For the following discussion of variation

within the species, it was considered best to
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study a single population thereby ruling out

differences that might be caused by ecological

or geographic races. For this reason the 15 speci-

mens from Aitutake were studied intensively

and those from other archipelagoes were used

merely as supplements to the study.

Four species closely related to A. indicus have

been described: A. iphianassa de Man, A. am-

boinensis de Man, A. intermedius Yu, and A.

kominatoensis Kubo (all save the last described

under the genus Arete). Of these, only A. am-

boinensis appears to be distinct; it will be dis-

cussed under A. dorsalis in the following section.

de Man stated that his species A. iphianassa

was similar to A. indicus, but could be distin-

guished by the characteristics compared in the

accompanying tabulation.

In this series of specimens each of the criteria

is either bridged or almost bridged:

1 . The length of the extracorneal spines varies

both in absolute length and in length relative

to the eyes; both described conditions were

found in this single series.

2. The basal portion of the outer antennular

flagellum is found to vary from four to six

articles, with most having four or five articles.

3. The carpocerite is found to vary in the

length-breadth relationship from 1:1.5 to 1:2.7;

some of this may be due to different rotation of

the carpocerite itself.

4. The outer distal margin of the outer uropod

may be either straight or curved outward near

the tip; all of the males have straight margins,

but not all of the females have curved margins.

5. Similar to the condition discussed in the

A. iphianassa

1. Extracorneal spines equal in length to the

eyes.

2. Four articles on basal portions of outer an-

tennular flagellum.

3. Carpocerite 1.5 times as long as broad.

4. Outer distal margin of outer uropod straight.

5. Various minor proportions of the large che-

lae, but principally with that of the male

bearing 2 teeth on the dactylus and one on

fixed finger.

6. Various proportions in second leg, but most

conspicuous in the first article of the carpus

which is 5 times as long as broad distally.

7. Propodus of third legs bearing 8 to 12

spines.
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next section for A. dorsalis, the females and the

smaller males have straight cutting edges of

their large and small chelae; however, the two

intact large males have teeth developed, one

with a single tooth on the fixed finger, none on

the dactylus, the other with two teeth on the

fixed finger and one on the dactylus.

6. The proportions of the carpal articles of

the second legs are extremely variable, with the

first article varying from 1.4 to 3.0 times as long

as broad distally; in some, also, the first article

is approximately equal in length to the sum of

the following carpal articles, in others it is al-

most twice as long.

7. The spines on the propodus of the third

legs vary in number from four to nine, and also

in development, with some scarcely more than

slight hairs, and others strong and well de-

veloped.

Also like A. dorsalis the development of the

rostrum varies conspicuously. In one specimen

the tip reaches beyond the end of the third an-

tennular article, in four it reaches some distance

along the third article, in eight it reached some-

where in the length of the second article (most

to near the tip of the article) and in one it

reaches only to the end of the first article.

The other specimens in the collections avail-

able, including those reported from Saipan as

Arete iphianassa (Banner, 1956: 325), fall

within the range of variation reported above

with the exception of three fragmentary speci-

mens from Canton Island. These three, unfortu-

nately mostly without legs and with but two

chelae among them, all have slightly different

A. indicus

1. Extracorneal spines slightly longer than the

eyes.

2. Six articles in same.

3. Carpocerite 3.0 times as long as broad.

4. Outer distal margin of outer uropod curved

outward.

5. Fixed finger of large chela of male bearing

1 tooth, dactylus curved but unarmed.

6. First carpal article 3 times as long as broad

distally.

7. Propodus of third legs bearing two to three

spines.
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rostrums: while its tip reaches to near the end

of the second antennular article, well within

the range specified above, it was considerably

broader and thicker. Possibly more important,

however, is the fact that the stylocerite also

reaches only to the end of the second antennular

article, instead of to the end of the third, a con-

dition found in no other specimens. It may well

be that these represent a new species or geo-

graphic or ecological subspecies, but with only

three specimens, all in very bad condition, it is

impossible to decide with certainty.

The other two nominal species also fall well

within the range of variation. A. intermedins

was separated by Yu from A. indicus by a

slightly longer rostrum, reaching to one-quarter

of the length of the third antennular article, and

by the presence of 12 spinules on the propodus

of the third leg. As shown in the listing above,

both of these characteristics are very variable,

and the separation of A. intermedins seems

without basis.

There is more doubt about the combination

of A. kominatoensis with this species. Unfortu-

nately Kubo did not contrast his species to

Arete, where it belonged under the old classifica-

tion (it has only four articles in the carpus of

the second leg) but to Athanas. By contrasting

the description and figures of Kubo with A. in-

dicus the three differences are found: 1. The
antennular peduncle is 2.2 times as long as broad

instead of 3.0 (using the entire visible length

of the peduncle divided by the breadth of the

second article). 2. Kubo reports and shows a

slight dorsal carina extending back to the middle

of the carapace, while in A. indicus there is no

true carina but rather a broad ridge terminating

slightly behind the eyes. 3. The inferior margin

of the merus of the third legs bears distally a

slight tooth while in A. indictts it bears a strong

tooth. It may be that these are valid criteria,

especially the porportions of the antennular

peduncle and dorsal carina—the development of

the tooth on the third leg has been shown to be

variable in the related A. dorsalis—and none of

the specimens available closely approach the

condition described by Kubo. However, in view

of the wide variation already reported in this

species and in A. dorsalis these seem to be ques-

tionable characteristics for a specific separation,
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yet it may be this form, being found as it is in

the waters of southern Japan, is a separate sub-

species.

distribution : This species has been reported

from Djibouti, Maldives and Laccadives, Indo-

nesia, China, and southern Japan. In the present

collection we have specimens from Canton, Ai-

tutake, Bora Bora, and the northern Marshall

Islands. They were found in heads of dead

coral and associated with the boring sea urchin

Echinometra.

Athanas dorsalis (Stimpson)

Figs. 5 ,
6

Arete dorsalis Stimpson, 1861. Proc. Acad. Nat.

Sci. Philad. 12: 32.

(?) Athanas mascarinicus Richters, 1880. Beitr.

Meeresfauna der Insel Mauritius und der Sey-

chelles Decapoda, p. 164.

Arete dorsalis var. pacificus Coutiere, 1903. Bull.

Soc. Philorn. Paris IX, 5(2)

:

87, figs. 31-34.

Arete maruteensis Coutiere, 1905^. Bull. Mus.

Hist. Nat., Paris 11(1): 19, figs. 1-6.

Arete maruteensis var. salibabuensis de Man,

191CU. Tijdschr. Ned. Dierk. Ver. II, 11(4)

:

313; 1911, Siboga Exped. 39a 1 (2): 169, pi.

4, fig. 13.

DISCUSSION : To determine the validity of the

separation of the three species and subspecies

listed above, the specimens in the collection,

especially a single collection of about 50 from

Namu Island, Marshalls (Station 3167, J. E. P.

Morrison), were examined closely. Of these

specimens from a single locality, about 30 intact

specimens were measured, and the findings con-

firmed by examination of the specimens from

other parts of the Pacific.

Rostrum: In general the form of the rostrum

is anteriorly a sharp triangle with an acute tip,

while between the eyes the sides approach a

parallel condition. In most the tip of the ros-

trum reaches to the end of the first antennular

article or to the first half of the second article;

in three specimens it reaches well into the

second half of this article, and in one it reaches

the beginning of the third article. In most cases

it is between 1.6 to 2.1 times as long as broad.

Extracorneal Teeth: In most these are well

developed, but to varying degree, and there is
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Fig. 5. Athanas dorsalis (Stimpson), a 5.5 mm. (carapace length) ovigerous female from Raroia, Tuamo-
tus, Station 1847. a, b, Anterior region, dorsal and lateral aspects; c, d, large and small chelae, lateral view;

e, f, same, from lower side; g, second leg; h, third leg; i, third leg, dactylus; j, telson and uropod.

a gradual series from those with pronounced

teeth to the few with very slight teeth and to the

one specimen (from the Tuamotus) without

any teeth.

Antennular and Antennal Peduncles: Usually

the stylocerite reaches to near the end of the

antennular peduncle, the scaphocerite and carpo-

cerite exceeding the stylocerite slightly; in no

case are the differences in length pronounced,

and at times the relationships change.

Large Chela: This appendage is found to ex-

hibit strong growth and sexual differences (see

Fig. 6a—f), with the young of both sexes show-

ing a more or less uniform taper to the fingers

which bear minute serrations on the basal two-

thirds and the distal third being smoothly

rounded to the curved tip. In adult females there

is commonly an outgrowth of an irregular lobe

proximal to the distal curve on the larger chela,

while the other chela remains more like that

found in the young. In some of the largest males

the large chela has developed an exceedingly

large tooth on the fixed finger, against which

the dactylus closes; however, in other large

males and in all smaller males this tooth is

variously developed and much smaller. In both

sexes the development of the chelae varies con-

siderably between individuals of the same size,

and in one very large ovigerous female the tooth

of the fixed finger is as fully developed as that

of the large male.

Small Chela: In most specimens, male and

female, the cutting edge of the finger bears nu-

merous low irregularities which stop abruptly

in a tooth that may be obtuse or a right angle.

The distal portion is curved. However, in some

the irregularities are considerably smoothed, and

the final tooth may be low and rounded.
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Second Legs: In the merus the length-breadth

ratio varies from 1:2=5 to 1:3.7, with most of

the specimens bearing the ratio between 1:2.8

to 3.0. Only in a small series the relative lengths

of the carpal articles and hand were measured,

and these show that the extent of variation is

similar to that of the merus.

Third Legs: Three characteristics of the third

legs have been carefully observed: the length-

breadth ratio of the merus varies from 1:2.5 to

1 : 3.4, with most of the specimens with the ratio

between 1:2.9' to 3.1. The final outer tooth of

the inferior margin in no specimen is large and

no specimen is lacking, with the maximal de-

velopment being about that shown in Figure 5 h,

while in the minimal development the tooth is

barely visible, and is scarcely more than an ob-

tuse irregularity; it also varies from slightly

acute to obtuse. The length-breadth ratio of the

propodus exhibits less variation than do the

other measured articles, ranging from 1:4.0 to

1:4.6, with most of the specimens grouping

around 1:4.5.

Telson: In all of the specimens except three

the telson is found to be 3.2 to 4.0 times as long

as the posterior margin is broad, with most 3-2

to 33 times. In two specimens the telson is only

3.0 times as long as broad, and in one it is 4.2

times as long.

The extent of this variation destroys the valid-

ity of the separation of A. maruteensis and A.

dorsalis. Coutiere separated his species (which

he originally called A. dorsalis pacificus

)

upon
the following characteristics : 1. shape of ros-

trum; 2. traces of extracorneal spines; 3. shape

and armature of large and small chelae; 4. rela-

tive proportions of the carpal articles and chelae

of second legs (for this character it should be

noted that in the specimens measured some
would be like A. dorsalis in two of the relative

measurements and like A. maruteensis in the

third); 5. the length-breadth relation of the

articles of the third leg, and the presence of a

definite tooth on the merus as opposed to being

"coupe a angle droit” in A. maruteensis . To these

differences de Man adds, in his separation of the

subspecies A. maruteensis salibabuensis the pro-

portions of the rostrum and merus of the second

and third legs. In the group of specimens meas-

ured each of the characteristics was found to be
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Fig. 6. Athanas dorsalis (Stimpson), variations in

the development of the chelae, a, Male of 3-3 mm.
carapace length; b, male of 3.5 mm. carapace length;

c, male of 3.85 mm. carapace length; d, male of 4.95

mm. carapace length; e, male of 4.95 mm. carapace

length; f, male of 5.2 mm. carapace length. All drawn
to same scale.
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variable, with the range of variation not only

bridging the supposed differences between the

nominal species and subspecies, but also extend-

ing beyond any previously reported condition. It

is interesting to note that the specimens that

agreed best with A. dorsalis were those from

Raroia, not too far from the type locality of

A. maruteensis, while the specimens from the

Marshalls were more like the description of

A. maruteensis.

The exact status of A. mascarinicus Richters

is not known, as the description, without figures,

is inadequate. It may be a synonym of this spe-

cies; it may be the same as, and take priority

over A. indicus or A. amhoinensis; it may be

regarded as a nomen dubium; or it may be a

separate and valid species. Unless the type speci-

men can be redescribed, we feel it is safest to

consider it as a synonym of A. dorsalis.

On many of these specimens, including the

large group from the Marshalls, it was specified

that they were collected from large sea urchins

of the genus Heterocentrotus; however, for some

their habitat was specified as "coral” (as was

that of Stimpson’s original specimen ) . Whether
this indicates that the species normally lives

only on sea urchins but may desert them if the

urchin is disturbed, as by a collector, or whether

it indicates that the species may live either on

coral or sea urchins is not known. At least, no

significant differences were found between those

collected from urchins and those collected from

unspecified "coral.”

Athanas amhoinensis (de Man, 1910£: 25-

27, figs. 1-6) is, at least, closely related to

A. dorsalis

,

more closely than A. indicus (Cou-

tiere ) ;
it may be found to be a synonym. How-

ever, as none of the specimens in the collection

approach the proportions of the slender chela

and narrow telson given by de Man as specific

characteristics, there is no evidence that the two

should be combined.

distribution : Stimpson’s original specimens

came from Hongkong and it has been reported

from Djibouti, Indian Ocean, Indonesia, New
Caledonia, Kermadec Islands and Samoa. In the

present collection we have about 70 specimens,

the majority from the Marshall Islands, 2 speci-

mens from Canton Island, 1 from Fiji and 6

from the Tuamotus. At least 50 of the speci-

mens were commensal with the sea urchin

Heterocentrotus.

REFERENCES

Balss, Heinrich. 1915. Die Decapoden des

Roten Meeres: Macruren Expeditionen S. M.
Schiff "Pola” in das Rote Meer. Ergebn. Zool.

30: 1-38, 30 figs.

Banner, Albert H. 1956. Contributions to

the knowledge of the Alpheid shrimp of the

Pacific. I. Collections from the Mariana Arch-

ipelago. Pacif. Sci. 10(3): 318-373, figs.

1-23.

Barnard, K. H. 1950. Descriptive Catalogue of

South African Decapod Crustacea. Ann. S.

Afr. Mus. 38. 837 pp., 154 figs.

Borradaile, L. A. 1898. On some crustaceans

from the South Pacific. Part III. Macrura.

Proc. Zool. Soc. Lond. 1898: 1000-1015, pis.

63-65.

Chace, Fenner A., Jr. 1955. Notes on shrimps

from the Marshall Islands. Proc. U. S. Natl.

Mus. 105(3349): 1-22.

Coutiere, H. 1897. Note sur quelques alpheides

nouveaus ou peu connus rapportes de Dji-

bouti. Bull. Mus. Hist. Nat., Paris 3(6): 233—

236.

1899. Les "Alpheidae,” Morphologie,

externe et interne, formes larvaires, bionomie.

Theses presentees a la Faculte des Sciences de

Paris. . . Ser. A, No. 321 [no. d’Ordre 980}.

599 pp., 409 text figs., 6 pis. Masson et Cie,

Paris. [Also: Ann. Sci. Nat. VIII, Zool. 9:

1-560.}

1903. Note sur quelques Alpheidae des

Maldives et Laquedives. Bull. Soc. Philom.

Paris IX, 5(2): 72-90.

1904. Note sur le commensalisme de

XArete dorsalis var. pacificus Coutiere, d’apres

les notes de M. L. Seurat, naturaliste, a Riki-

tea (lies Gambier). Bull. Mus. Hist. Nat.,

Paris 10(2): 58-60.

1905^. Note sur quelques Alpheidae

recueilles par M. G. Seurat a Marutea (lies

Gambier). Bull. Mus. Hist. Nat., Paris 11

(1): 18-23.

190 5A Marine Crustacea, XV. Les Al-

pheidae. IN: Fauna and Geography of the

Maidive and Laccadive Archipelagoes [J.



Alpheid Shrimp, V—Banner and Banner 155

Stanley Gardiner, ed.} vol 2, part 4, pp. 852-

921, pis. 70-87, figs. 127-139.

—•— •—
• 1908. Sur quelques nouvelles especes

d’Alpheidae. Bull Soc. Philom. Paris IX,

11(5): 1-26.

de Man, Johannes Govertus. 1910a Diag-

noses of new species of macmrous decapod

Crustacea from the "Siboga Expedition.”

Tijdschr. Ned. Dierk. Ver. II, 11(5): 287-

319.

1910r. Ueber eine neue art der gattung

Arete Stimpson. Arch. Naturgesch. 76(1):

25-27, figs. 1-6.

—- 1911. The Decapoda of the Siboga Ex-

pedition. Part IL Family Alpheidae. IN:

Siboga Expeditie 39a 1
(2): 133-465 [Livre

60]; 1915, supplement [plates and explana-

tions] 39a1
(2): 23 pis. [Livre 74],—— 1922. The Decapoda of the Siboga Ex-

pedition. On a collection of macmrous deca-

pod Crustacea of the Siboga Expedition,

chiefly Penaeidae and Alpheidae. IN: Siboga

Expeditie 39a4
(5): 1-51, pis. 1-4 [Livre 93]

.

Kemp, Stanley. 1915. Fauna of the Chilka

Lake, Crustacea Decapoda. Mem. Indian Mus.

5(3): 199-326.

Kubo, Ituo. 1940a On some littoral shrimps

collected from Micronesia. J. Fish. Inst. Tokyo

34(1): 77-99, figs. 1-15.

——— 1940A Notes on the Japanese Shrimps

of the genus Athanas with a description of

one new species. Annot. Zook Jap. 19(2)

:

99-106, 5 figs.——— 1942. On a snapping shrimp, Atkanas
kowiinatoensis. Dobutsugaku Zasshi [Zook

Mag., Tokyo] 54: 82-85, figs. 1, 2.

Leach, W. E. 1814. Crustaceology. IN: Edmb.

Encyc. 7: 383-437, pk 221. (D. Brewster,

ed.)

Ramadan, M. M. 1936. Report on a collection

of Stomatopoda and Decapoda from Ghar-

daqa, Red Sea. Bulk Fac. Sci. Egypt. Univ.

(6): 1-43, pis. 1-2.

Richters, F. 1880. Crustacea Decapoda of Mau-

ritius and Seychelles. IN: Beitrage zur Meer-

esfauna der Insel Mauritius und der Seychel-

les Decapoda. [K. Mobius, ed.] vi +352 pp.,

25 pis. Gutmann, Berlin.

Stimpson, W. 1861. Prodomus description^

animalium evertebratorum, quae in expedi-

tione ad Oceanum Pacificum Septrentrio-

nalem . . . Par. VIII. Crustacea Macrura. Proc.

Acad. Nat. Sci. Philad. 12: 22-47. [Proc. for

I860.]

Yu, Shou-Chie. 1931. Description de deux

nouvelles crevettes de Chine. Bulk Mus. Hist.

Nat., Paris 3(6): 513-516.



Charadracarus new genus, Charadracarinae new subfamily

(Acari, Johnstonianidae),

and the Status of Typhlothrombium Berlese 1910

Irwin M. Newell 1

Berlese and Leonardi (1901: 17) described

a mite from Argentina which they named
Trombidium histricinum. The species was de-

scribed as follows: Dark cinnabar, large, broad-

shouldered, flattened dorsally, rounded posteri-

orly. Body setae 25 /x long, sharp, spiniform, cin-

nabar, dense. Cephalothorax nude, except in

median portion. Crista metopica linear, a tuber-

cular elevation posteriorly, containing the areo-

lae. Palpal tarsus long, clavate, extending beyond

the claw; tibia with an ornate series of six spines

along the internal surface, a single terminal

claw. Legs rather long, setae plumose, irregu-

larly ornate. Tarsus I at least five times longer

than broad. I was unable to see eyes by any

means. Adult 3 mm. long. One specimen col-

lected at St. Pedro Mission, Argentina. (Author’s

translation.) No figures were given.

Berlese (1910: 358) designated Trombidium

histricinum as type species of the new genus

Typhlothrombium. The original description of

the genus was very brief, including little beyond

the original description of the type species, ex-

cept for the fact that a nasus was present. Char-

acteristics set forth in the original description

of the genotype which are at variance with de-

scriptions of the two species subsequently placed

in this genus ( Typhlothrombium grandjeani

Andre 1930, Typhlothrombium aelleni Coore-

man 1954) are: the dark red color, flattened

dorsum, the very short setae (25 /*), the dense-

ness of the chaetotaxy, the presence of a well-

developed ctenidium, the slender form of tarsi

I, and the large size of the body (3 mm.). The
differences are so considerable as to leave no

doubt that Typhlothrombium grandjeani and

Typhlothrombium aelleni have nothing to do, at

the generic level, with Typhlothrombium his-

1
University of California, Riverside, California.

Manuscript received March 17, 1959-

tricinum. The only unusual feature pointed out

up to this time which is shared by Typhlo-

thrombium histricinum on the one hand and

T. grandjeani and T. aelleni on the other hand

is the absence of the eyes. This is not a very sig-

nificant point of similarity, however, in light of

the many points of difference noted above. The

genus Typhlothrombium Berlese 1910 therefore

must be restricted to the type species. The family

status of Typhlothrombium is uncertain, but it

is provisionally retained in the Trombidiidae.

The author has had the opportunity of study-

ing a form very similar to Typhlothrombium

grandjeani Andre, which occurs in southern

California. A second North American species,

from Point Barrow, Alaska, has been collected

by Dr. Paul Hurd of the University of California

at Berkeley. Finally, through the courtesy of

Dr. Marc Andre, I have been able to study type

material of Typhlothrombium grandjeani . These

three species, together with Typhlothrombium

aelleni Cooreman comprise a natural group of

congeners, Charadracarus new genus, with C.

hurdi new species as the genotype.

The genus is unusual in several important

respects although it is obviously closely related

to the Johnstonianidae. While there are impor-

tant points of difference between the species of

Charadracarus and other members of the John-

stonianidae, it appears that these differences can

be suitably recognized by establishing a new
subfamily within the Johnstonianidae.
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CHARADRACARINAE new subfamily

Since the genus Charadracarus is the only one

known at the present time, the characteristics of

the subfamily are the same as those of the genus.

The most significant characters which separate

the Charadracarinae from the other subfamilies

of the Johnstonianidae are: ( 1 ) the presence of

only two pairs of genital acetabula in the adult,

(2 ) the single pair of genital sclerites (the

paragenitals apparently being absent), ( 3 ) the

absence of tracheae in both larvae and adult,

(4) the undivided femur in legs III and IV of

the adult and in leg III of the larva. The ab-

sence of corneae and ocular plates is important,

but the same condition has been reported in

Crossothromhium parkhousei Womersley 1939,

as well as in Typhlothrombium histricinum

( Berlese and Leonardi ) 1901.

The habits are not well known. The larvae

are almost certainly of the self-detaching type

and may be simple predators on small soil or-

ganisms. The predatory nature of the larvae is

surmised from the fact that they have never

been found on a host, in combination with the

fact that they show a great variation in size in

the soil, indicating that they are feeding and

growing. The larvae are almost colorless and

adults are pale yellow to white—not dark brown
or red like other Johnstonianidae. The writer

has found them in large numbers in the winter

under black oak ( Quercus kelloggii Newberry)
in the mountain ranges of southern California.

This oak usually grows in situations where soil

moisture is more abundant than in other places,

either in deep gullies or on north slopes, etc.

Thus, while Charadracarus deviates more than

other known Johnstonianidae from a subaquatic

habitat, their ecological distribution is still rela-

tively restricted. At the type locality of C. deli-

tescens, hundreds of individuals were found

under the oaks on the south side of a gully, but

the species was totally absent from the northern

side of the gully where only the coast live oak

(Quercus agrifolia Nee) was found.

Charadracarus new genus

ADULTS: Idiosoma rather small, less than 1

mm. in length; color pale yellow to white.

Scutum with sensilla bearing a bulblike expan-

sion in known forms; prosensilla more than

one half as long as the sensilla, but markedly

different from the sensilla, more closely resem-

bling the other setae of the scutum. Anterior

end of scutum drawn out into a long sharp spine

closely appressed to the dorsal wall of the propo-

dosoma. Dorsum of gnathosoma without spi-

racular openings. No major tracheal trunks

associated with cheliceral apodemes internally.

Dorsum of propodosoma with no setae lateral

to scutum. Corneae and eyes absent. Chaetotaxy

of hysterosoma simple, setae only a little more
numerous than in the larva. Genital opening

bordered by only one pair of sclerites; para-

genital sclerites absent. Two pairs of genital

acetabula in both sexes. Pregenital tubercle ab-

sent. Anus lying in the completely undifferenti-

ated ventral cuticle between the genital opening

and the posterior end of the body; no trace of

anal sclerites or anal setae. Anterior wall of

trochanter of palp with no trace of a fenestra.

Palpal tibia with or, usually, without paradont.

Solenidion of palpal tarsus basal in position.

Eupathidia confined to tarsi I and II, absent

from tarsi III and IV and all other segments of

the legs. Supracoxal setae absent from gnathos-

oma and coxa I; vestigial setae also completely

absent. Solenidiai and s2 only moderately dif-

ferentiated but s2 distinctly shorter and straighter

than Si. S3 and S4 convergent in form, S4 only

a little heavier and with a little more distinct

internal structure in typical cases, but inter-

mediate forms exist which are unassignable to

either category.

LARVA: Scutum with four pairs of setae, the

prosensilla more like the other setae of the

scutum than like the sensilla. Nasus sharp,

closely appressed to the dorsal surface of the

propodosoma. Crista metopica feebly developed,

confined to the portion of the scutum behind

the areae sensilligerae. Ocular plates absent.

Coxal setae numbering 2-1-2. Urstigma present

and well developed. A number of setae in the

membranous cuticle between coxae II and III.

Anal sclerites absent. Deutorostral setae appar-

ently absent, rostrum with only the proto- and

tritorostrals. Anterior wall of palpal trochanter

not fenestrated. Terminal setae of palpal tar-

sus not typically eupathidiform, but flattened

and heavy walled. Tarsal eupathidia numbering
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2-1-0, ed of tarsus I with basal companion seta.

S4 of tibia I without companion seta. Supra-

coxal setae absent on gnathosoma and coxa I;

vestigial setae absent from patella and tibia of

all legs. Femora I and II divided, six free seg-

ments beyond the coxa; III undivided, only five

free segments beyond the coxa. All tarsi with

two nearly equal claws, the posterior ones a

little larger and more erect than the anterior

ones. Intercoxal area with more than one pair

of setae between coxae II and III.

REMARKS: The genus is remarkable for the

way in which the larval characters have, in many
cases, been carried over into the adult with little

change. The general body form is strikingly

similar in both stages, and the chaetotaxy of the

body is nearly as simple in the adult as it is in

the larva. Perhaps the greatest similarity in the

two instars is in the structure and chaetotaxy of

the appendages. In the larva of C. delitescens,

the chaetotaxy of the palpal tarsus is very rem-

iniscent of that found in Johnstoniana, Dip-

lothrombium, and Centrotrombidium, being

virtually identical with the latter. In these three

genera, however, the two or more dorsal and

distal setae of the tarsus (which evidently are

modified eupathidia) are replaced in the adult

by typical eupathidiform setae. In Charadracarus

delitescens, on the other hand, these setae are

easily recognizable in the adult and have almost

precisely the same form that they had in the

larva. The total number of setae on the palp of

the adult is increased only a little over that of

the larva, and there is usually (exception: C.

aelleni) no development of the paradont on the

palpal tibia such as occurs in all the other genera

of the Johnstonianidae.

The femur, which is undivided in leg III of

the larva remains undivided in the adult, too,

and femur IV also has no trace of a subdivision.

In both larva and adult, the eupathidia are con-

fined to tarsi I and II; moreover there is no

proliferation whatever of the eupathidia on

tarsus II, there being a single eupathid in both

larva and adult. There is an appreciable increase

in the number of eupathidia on tarsus I. There

is a single solenidioni on tarsus I of the adult

just as in the larva, whereas in other genera

there is often an increase in the number of Si

in the transition from larva to adult ( Centro -

trombidium, Johnstoniana). In all these charac-

teristics, the members of the genus appear to be

highly neotenic. The presence of numerous setae

in the intercoxal area of the larva is, on the

contrary, a typically postlarval characteristic.

TYPE SPECIES: Charadracarus hurdi new
species.

CHARACTERS SHOWING INTERSPECIFIC

VARIATION IN THE GENUS CHARADRACARUS

The known species of this genus show a high

degree of homogeneity in structure. The ob-

served differences, in many cases, are so minor

that the possibility of environmental influences

can not be dismissed. However, until the exist-

ence of such influences have been proved ex-

perimentally, we must assume that the observed

differences have actual specific value. The struc-

tures exhibiting variants of specific value are

discussed here briefly, and are then summarized

in a formula key.

Sensilla. At least two types of sensilla oc-

cur in the genus. In all known species but

C. hurdi, the sensilla are fusiform, with a club-

shaped swollen portion at the end of a long

slender stalk, and beyond this the shaft of the

seta tapers to a fine point. The portion of the

shaft proximal to the swelling is nearly the

same length as the portion distal to the swell-

ing. In C. hurdi, the distal portion is almost

completely wanting; an indication of it is seen

only at high magnification (Fig. 9). In both

types, the swollen portion of the sensillum bears

a number of fine points.

Setae of Hysterosoma. In the adults of all

described species, there are two series of setae,

major and minor, the minor setae being smaller

and much more numerous than the major.

Cooreman (1954: 14-17) indicated that there

are six pairs of major setae in C. aelleni. The

number and arrangement in the three species

studied by the writer are not especially regular.

The distinct interspecific differences are found,

however, in the form of the major setae. In

C. hurdi and C. aelleni, the major setae are like

the minor in the filiform tips. In the remaining

two species, on the other hand, the tips of the

major setae are distinctly swollen and bear a

tuft of fine barbs. The terminal tuft of barbs in
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FIGS. 1—9. Charadracarus hurdi, n. sp., adult: 1, genital area, female; 2, right palp, anterior, female; 3,

prosoma, female; 4, genital area, male; 5, left coxae III and IV, female; 6, dorsum, male (same scale as Fig.

31); 7, tibia and tarsus of palp, anterior, female; 8, genital area, male, with external detail omitted; 9, scutum,

female.
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Fig. 10. Charadracarus delitescens, n. sp.: coxae III and IV, female.

FIGS. 11-26. Charadracarus hurdi, n. sp., adult: 11, Si, tarsus I; 12, s4 ,
tarsus I; 13, s4 ,

tibia I; 14, S 3 ,

tibia I; 15, s 3 ,
telofemur I; 16, s 2 ,

tarsus I; 17, s2 ,
tarsus II; 18, fi, tarsus I; 19, f2 ,

tarsus II; 20, venter, male;

21, tip of rostrum, ventral, male; 22, chelicerae, semi- ventral; 23, seta, coxa II; 24, seta, coxa IV; 25, 26, ven-

tral body setae. (Figs. 23-26 drawn from female.)
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FIGS. 27-30. Charadracarus hurdi, n. sp., adult: 27, dorsal solenidia of tibia IV; 28, outline drawings of

legs I-IV, female; 29, major body setae, female; 30, minor body setae, female.

C. delitescens and C. grandjeani has no counter-

part in the other two species (cf. Figs. 29 and

45). The terminal portion of the major setae

of C. delitescens and C. grandjeani is cavitated.

The number and arrangement of the dorsal

hysterosomal setae also show some differences,

although these are not as easy to utilize in dif-

ferentiating between species as are some of the

other characters (compare Figs. 6 and 31).

Eupathidia of Palpal Tarsus. In the adult of

C. hurdi

,

the most distal of the two distidorsal

setae has a hollow shaft and is typically eupathi-

diform in structure. Its more basal counterpart

is solid, except for a very slight and almost un-

noticeable basal excavation. In adults of C. deli-

tescens, both of these setae are solid. In the larva

of C. delitescens (Fig. 72) the terminal eupathid

is canaliculate in the basal portion, but this con-

dition does not persist in the adult, at least in

the specimens examined by the writer. The sit-

uation in C. aelleni is unknown, but in the type

of C. grandjeani, the distal one is hollow, as in

the case of C. hurdi.

Paradont of Palpal Tibia. In his original de-

scription of C. aelleni, Cooreman showed a dis-

tinct and well-formed paradont at the base of

the terminal odontus of the palpal tibia. None
of the other three species of the genus has such

a seta in this position. It would appear that the

paradont is not an additional seta in the case of

C. aelleni, for the setae of the tibia of that

species are the same in number as in the other

three species of the genus. The only difference

appears to be that one of the normal setae in
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FIGS. 31-38. Charadracarus delitescens, n. sp., adult: 31, dorsum, female; 32, genital area, female; 33,

venter, female; 34, tip of rostrum, female; 35, end of tarsus I, posterior, female; 36, scutum, female; 37,

solenidia of tibia IV, female; 38, genital area, male.
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C. aelleni has moved distally and become modi-

fied in form and size.

Structure of Rostrum . An interesting fea-

ture in the structure of the tip of the rostrum

is found in C. hurdi and C. delitescens. This is

a sexual difference, and not an interspecific one.

In the females, the tip of the rostrum is simple,

the velum being a flattened and fairly regular

disc (Fig. 34). In the males of both species,

however, the velum is rather elaborately drawn

out around the margins into a number of fine

points (Fig. 21 )

.

FORMULA KEY TO SPECIES OF
Charadracarus

Based on Adults

la. Sensilla fusiform, greatly swollen near

middle, the tapering distal portion of the

sensillum as long as or nearly as long as

the basal portion (Fig. 36).

lb. Sensilla essentially clavate, filiform distal

portion greatly reduced or absent (Fig. 9).

2a. Major setae of hysterosoma tapering to a

fine point, no terminal tuft of barbs (Fig.

29 ).

2b. Virtually all major setae of hysterosoma

with distal end inflated, hollow, and with a

tuft of fine barbs (Fig. 45).

3a. Tarsus of palp with terminal seta eupath-

idiform, hollow throughout most of length

(Fig. 7).

3b. This seta solid throughout virtually the

entire length of the shaft, not eupathidi-

form (Fig. 48).

4a. Tibia of palp with a terminal odontus plus

six slender, tapering normal setae; paradont

absent (Figs. 7; 44).

4b. Tibia of palp with a terminal odontus and

a paradont (Cooreman, 1954: 17, fig. 8).

5. Length of idiosoma, to tip of nasus, by sex.

NOTES ON MORPHOLOGY AND TERMINOLOGY
IN THE PARASITENGONA

In a previous paper, the writer ( 1957 : 407 )

,

presented a table of terms applied to the spe-

cialized setae of the legs of the Parasitengona

in which "microfemorala, microgenuala, micro-

tibiala (in part)” were listed as equivalent to

solenidion3 or S3. The prefix micro should be

deleted from each of these names. Likewise,

solenidion4 or s 4 has as its equivalent the term

tibiala (in part)—not microtibiala as errone-

ously indicated in the table.

The term prosensillar setae was introduced by

the writer (1958: 360-367) but was not de-

fined. It had been shown in an earlier study

(Newell, 1957: 398-400) that the most anterior

setae of the scutum of Johnstonianidae could

be (a) present and typically sensillar in form,

closely resembling the posterior sensilla, (b)

present, but more nearly resembling the other

setae of the scutum than they do the sensilla,

and (c) absent. In those Johnstonianidae, Trom-

biculidae, and Trombidiidae in which the homo-

logues of the anterior sensilla are present but

not sensilliform, these setae may be designated

by the term prosensilla. These are typically the

two anteromedian setae of the scutum. In many

Trombiculidae, they are represented by an un-

paired anteromedian prosensillum.

In the same paper (p. 384) the terms odontus

and paradont were introduced. The name odon-

tus is applied to the heavy terminal clawlike

seta found on the tibia of the pedipalp. The term

is utilized in preference to "claw,” to avoid the

implication of relationship to the tarsal claws.

There is no relationship between the two types

of "claw” in position, structure, or function, and

different terms are desirable for the two kinds

of structure. In many species a second and sub-

terminal seta is found, usually quite near the

insertion of the odontus, and this has been called

the paradont.

Distribution of Character Variants, Adults

1 2 3 4 5

C. hurdi n. sp b a a a $711/“
C. delitescens n. sp a b b a $ 513-711 (628)

C. grandjeani (Andre) a b a a $ 504
C. aelleni (Cooreman) a a ? b 900
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42 ^

FIGS. 39-49. Charadracarus delitescens, n. sp., adult, female: 39, 40, two ventral hysterosomal setae; 41,

seta of coxa IV; 42, seta of coxa II; 43, palp, posterior; 44, tibia and tarsus of palp, anterior; 45, major dor-

sal and marginal hysterosomal setae; 46, ventral hysterosomal setae; 47, tibia and tarsus of palp, posterior;

48, tip of tarsus of palp, posterior; 49, prosoma, ventral.
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Charadracarus hurdi new species

FEMALE: Idiosoma of holotype 711 ji long,

459 /x wide, length/width 1.54. Scutum of essen-

tially same form as found in C. delitescens, but

sensilla not fusiform. Swollen distal portion with

a number of small refractile points, and only a

vestige of the shaft at the tip. Prosensillar setae

considerably longer than the others. Setae ap-

pearing barbed at high magnifications, but rela-

tively smooth at magnifications of 150X or

lower. Posterior margin of plate rather deeply

notched, and immediately anterior to the notch

is a weakly defined, short, narrow crista. Cuticle

faintly pigmented, yellow-brown in color. Ocular

plates totally absent. Dorsal propodosomal setae

of two series, major and minor, the major setae

larger than the minor, but otherwise not differ-

ing in form (Figs. 29, 30). The tips taper uni-

formly to a very fine point, and are not expanded

or tufted as in C. delitescens (Fig. 45). Seti-

gerous sclerites very minute and difficult to ob-

serve. Coxa I with eight barbed setae each,

supracoxal setae absent; coxal ring slightly open

dorsally. Coxa II with seven or eight setae. Pars

medialis coxae and intercoxal area as in Chara-

dracarus delitescens. Coxae III and IV with six

to eight setae each, usually eight. No trace of

either apodemes or Ldssenia-organ in mem-
branous cuticle between II and III.

Base of gnathosoma and rostrum essentially

as in C. delitescens

.

Chelicerae not in favorable

position for study, but with only three feebly

developed teeth behind the tip. Dorsal mem-
brane well developed, slightly longer than one-

half the length of the tarsus. Palpi with five

free segments, trochanter with no indication of

a fenestra on anterior surface. Femur with one

seta dorsally and three setae on posterior mar-

gin, patella with two dorsal setae, tibia with six

setae plus the terminal odontus (Figs. 2, 7).

Tarsus with a solenidion very near the base of

the segment plus seven setae more distally

located. Of these, the two distidorsal ones are

the heaviest and shortest, and are also smooth.

The distal one of these two setae is typically

eupathidiform with a distinct central canal

and a moderately thick wall. Its homologue in

C. delitescens is solid in several specimens ex-

amined by the writer. In the present species, the

more proximal of these two setae is solid, with-

out a central canal. The tip of the palpal tarsus

is drawn out into a fingerlike projection.

Femora I and II divided, III and IV undivided.

Eupathidia confined to tarsi; vestigial setae ab-

sent. Tarsus I with a single si at 0.72-0.74;

usually with one or two s2 between 0.56 and

0.65, one on anterior and one on posterior as-

pect of tarsus. Famulusi at 0.82. Approximately

16 or more eupathidia between 0 . 53-0 .57^ and

0.72-0.77^. Tarsus II with a single s2 at 0.54-

0.55, f2 at 0.46-0.47, and a single eupathid at

0.88p. Tarsi III and IV each with a single S3 at

0.12-0.32, the basal position probably more

common. Remaining chaetotaxy essentially as

in C. delitescens. Special features common to the

two species are the slightly acuminate tips of

s2 and the apparently consistent difference in

size of the dorsal solenidia of tibia IV (Figs.

27,37).

type locality: Point Barrow, Alaska, col-

lected by Paul Hurd, Jr.

REMARKS: This species is very similar to

C. delitescens new species, and to C. grandjeani

(Andre). The most significant differences are in

the form of the sensilla, and the difference in

structure of major setae of the dorsal and mar-

ginal surfaces of the hysterosoma. The difference

in form of the distal member of the group of

two dorsal eupathidia at the end of the palpal

tarsus differentiates C. hurdi from C. delitescens.

This difference is especially significant since it

shows that the scimitar-like setae found in this

position in certain Johnstonianidae are modified

eupathidia. Examples of this are found in the

larva of Centrotromhidium distans (Newell

1957: 418, figs. 28, 29, 30), Johnstoniana lati-

scuta (Newell 1957: 431, fig. 92), and others.

Charadracarus delitescens new species

FEMALE: Body (Fig. 31) 513 to 711 \x long

to tip of scutal spine, 270 to 351 /x wide, length/

width 1.87 to 2.02; average 628 n by 324 /x,

length/width 1.94 (4 specimens). Sensilla of

scutum (Fig. 36) with a fusiform swelling near

the middle, this swelling bearing a few minute

spines. Basal half of sensillum appearing faintly

roughened, and under oil immersion a number
of delicate barbs are visible (Fig. 83). Directly

anterior to the sensilla are the prosensilla,

slightly longer than the other setae. In addition,
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FIGS. 50-63. Charadracarus delitescens, n. sp., adult, female: 50, Si, tarsus I; 51, s 4 ,
tarsus I; 52, s 4 ,

tibia

I; 53, s 3 , tibia I; 54, s 3 ,
telofemur I; 55, s 2 ,

tarsus I; 56, s 2 ,
tarsus II; 57, E; 58, f2 ; 59, genital area, female;

60, coxae III and IV, lateral; 61, tarsus II, posterior; 62, prosoma, lateral; 63, outline drawings of legs I-IV.
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there are four or five setae on either side, all of

which are very faintly barbed. Anterior to the

prosensilla, the scutum narrows to a sharp point

which is so closely appressed to the dorsal sur-

face of the propodosoma that it appears to be

fused with it. However, the situation is probably

the same in the adult as it is in the larva, in

which the nasus is actually separate from the

dorsal wall of the propodosoma. Between the

areolae and extending to the small notch at the

posterior margin of the scutum is a weakly de-

fined crista metopica (Fig. 36) . The lateral

margins of the scutum are indistinct, fading al-

most imperceptibly into the very faintly striate

membranous cuticle around it. Most of surface

of scutum delicately punctate, region behind

areolae with a number of faint panels. Dorsum
of propodosoma with no setae lateral to scutum.

Ocular plates completely absent. Dorsal and mar-

ginal hysterosomal setae sparse, of two grades,

arising from small and only slightly elevated

setigerous sclerites, the alveolus lying in the an-

terior half of the sclerite. Major setae with a

strong tendency for the tip to be slightly en-

larged and hollow, with a tuft of fine barbs; shaft

sparsely barbed along one side. The minor setae

arise from smaller setigerous sclerites, and their

tips show no tendency toward enlargement.

Membranous cuticle with striae visible only

under the most favorable conditions. Coxae I

with only six to eight setae; supracoxal setae

absent. Coxae II with six setae each. Coxae III

and IV with about ten and five setae each, re-

spectively; coxal setae with four to eight long

barbs. Coxal ring I scarcely closed dorsally, II

completely open; III open, IV closed. Pars me-

dialis coxae very faint, containing one or two

setae on each side (Fig. 49); intercoxal area

with only one or two setae. Other ventral setae

with one to six fairly well-developed barbs. A
broad transverse band of membranous cuticle

behind coxae II devoid of setae. No trace of

Lassenia-organ. Genital sclerites greatly reduced

and difficult to see, containing only about eight

smooth or sparsely barbed setae; paragenital

sclerites totally absent. Between the genital

sclerites lie the two pairs of acetabula. Genital

opening considerably longer than the genital

sclerite. Anus a very simple slit with no asso-

ciated sclerites or setae, lying about half-way

between the genital opening and the end of

the hysterosoma.

Base of gnathosoma (Fig. 49) with six setae

on each side (two specimens). Velum simple,

directed anteriorly, a small circlet of fimbriae

near the center.

Palpi (Fig. 43) five-segmented, trochanter a

short ring, lacking a fenestra on the anterior

surface. Femur with four setae, patella with two

setae dorsally, tibia with six normal setae plus

the heavy terminal odontus. Tarsus with the

solenidion near the basal end, a series of three

smooth dorsal setae (Figs. 44, 47), plus four

other pectinate normal setae; terminal eupathid

not hollow. Tip of tarsus drawn out into a nar-

row bladelike point as in the larva of this and

other genera of the Johnstonianidae.

Femora I and II divided, III and IV undivided.

Eupathidia confined to tarsi; vestigial setae ab-

sent. Tarsus I (four examined) with a single

Si at 0 .63—0.69*7 and typically with two S2 be-

tween 0.62 and 0.67. Famulus 1 at 0.74-0.76.

About 20 eupathidia present, lying between

0.57-0.60^ and 0.63-0.79^. Tarsus II (five ex-

amined) with a single S2 at 0.50-0.56*7, f2 at

0.37-0.52d, and a single eupathid at 0.85-0.88p.

Tarsi III and IV each with a single S3 at 0.13—

0.19. Other specialized setae as shown in table.

All tarsi with two simple claws, the posterior

one slightly larger and more erect than the

anterior one.

Chaetotaxy of legs approximately as shown in

table (s = solenidia, e = eupathidia, f = fam-

ulus, v = vestigial setae, n = normal setae )

.

tr bf* tf* pa ti ta

n n S3 n S3 V S 3 Si Si So S 3 Si e f

I 1 4,5 1 9, 10 5,6 0 2,3 3 1 2, 1 0 7 20 1

II 1 3 0 7 2 0 1 1 0 1 0 1, 2 1 1

III 2 10 2 0 2 0 0 0 1 0 0 0

IV 3 8 2 0 2 0 0 0 1 0 0 0

Fused in legs III, IV only.



168 PACIFIC SCIENCE, Vol. XIV, April I960

MALE: Very similar to female in most re-

spects except for form of genitalia. Genital

sclerites crescentic in form, faintly punctate,

bearing nine slender smooth setae each; para-

genital sclerites completely absent. A small in-

ternal corona bears only three pairs of setae

which are readily visible, although others may
be present. Only two pairs of acetabula present.

Anus very small, lacking setae or sclerites.

LARVA: Idiosoma 253-324 /x long to tip of

scutal spine, 152-202 fx wide, length/width

1.53-1.76; average 295 /x long, 179 ^ wide,

length/width 1.65 (seven specimens). Scutum

(Fig. 70) with four pairs of setae, the sensilla

elongate, fusiform, bearing a number of barbs

on both stalk and spindle. The spindle is col-

lapsed in specimens mounted in Hyrax and

sometimes even glycerine, but it is fully ex-

panded in specimens in alcohol and Hoyers

medium. The other three pairs of setae on the

scutum are similar in form, although the an-

terior setae (prosensilla) are somewhat longer

than the others. Just anterior to the prosensilla,

the scutum is drawn out into a very sharp tip,

which in the living mite and in all preserved

specimens seen by the writer is so closely ap-

plied to the dorsum of the propodosoma that it

appears to be rigidly fused with the latter. This

is in marked contrast with the situation in most

other Johnstonianidae in which the nasus lies

more or less free of the dorsal wall of the propo-

dosoma. However, in dissected material, and in

material mounted in Hoyers medium, the nasus

is seen to be a freely projecting spine. Behind

the areolae is a transverse ridge or sharp decliv-

ity, and behind this a rudimentary crista metop-

ica. A few irregular panels and minute punctae

are present. Ocular plates absent. Dorsal and

marginal setae arising from individual sclerites,

the alveoli lying in the anterior half of the

sclerite. Shaft with a number of minute barbs.

The dorsal setae at the anterior margin of the

hysterosoma are appreciably smaller than the

others. Dorsal and marginal setae numbering

63 and 68 in the 2 specimens counted. Mem-
branous cuticle mostly devoid of striae, although

a few can be seen occasionally.

Coxal setae numbering 2-1-2, all slender,

tapering, and bearing a number of line barbs.

The configuration of coxae I and II is markedly

different from other genera of the Johnstoniani-

dae, notably in the strongly transverse distal

margins of I, the projecting lateral angles of I,

and the exceptionally long medial margin of II.

Supracoxal seta absent from I, coxal rings I and

II both open dorsally, III with coxal ring

very feebly developed dorsally. The urstigma is

strongly protruded, the terminal portion hemi-

spherical, attached to a stalk (Fig. 69). Mem-
branous cuticle between coxae II and III with

2 1 ventral and marginal setae in each of the two

specimens checked; 6 setae between coxae III of

right and left sides. The same two specimens

had 30 and 35 ventral setae behind coxae III

and a total of 93 and 103 postscutal and post-

coxal setae. The setigerous sclerites (omitted

from Fig. 66) from which the ventral setae arise

are smaller and much less distinct than those on

the dorsal surface, as are the setae themselves.

Anal anlage a simple line. No Lassenia-organ

could be found in any of the specimens studied.

Base of gnathosoma without ventral setae

(Fig. 74), supracoxal setae absent. A pair of

setae laterally at base of rostrum, presumably the

tritorostrals. Deutorostrals apparently absent,

protorostrals slender, smooth. Velum simple,

directed anteriorly. Chelicerae (Fig. 76) with

ventral margin of distal membrane closely ap-

plied to the dorsal surface of the tarsal claw (in

Hoyers mounts, this membrane is distorted and

lies free). Dorsal margin of tarsus with four

sharp teeth visible under oil immersion. Palpi

distinctly five-segmented, normally oriented.

Trochanter a short cylinder without fenestra on

anterior surface. Femur and patella with a single

dorsal bihemipectinate seta; tibia with 3 slender

setae plus the unidentate terminal odontus,

which ends in a single point. Anterodorsal and

posterodorsal setae of tibia with one to three

delicate barbs, dorsal seta of tibia smooth. Tarsus

of palp with solenidion at 0.09p and three setae

at 0.30, 0.60 and 0.82d, these becoming progres-

sively heavier toward the distal end. Beyond

0.82, the tarsus is continued as a thin sharp

blade. In addition there are four other pectinate

normal setae as shown in the figure. Morpho-

logically, the palp of Charadracarus is virtually

identical with that of both Centrotrombidium

and Diplothrombium; however the most disti-

dorsal seta is not flattened as in those genera.
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FIGS. 64-72. Charadracarus delitescens, n. sp., larva: 64, coxa I and urstigma; 65, base of e<i of tarsus I;

66, venter; 67, palp, posterior; 68, dorsum; 69, urstigma, left side, ventral medial view; 70, scutum; 71, tibia

and tarsus of palp, posterior; 72, tibia and tarsus of palp, anterior.
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Figs. 73-79. Charadracarus delitescens, n. sp., larva: 73, tarsus I, posterior; 74, gnathosoma, ventral; 75,

tarsus II, posteroventral; 76, chelicera; 77, tarsus III, posterior; 78, trochanter-tibia I, posterior; 79, trochanter-

tibia II, posterior.
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Figs. 80-83. Charadracarus delitescens, n. sp., larva: 80, trochanter-tibia III, posterior; 81, tarsus and mem-
brane of chelicera; 82, tip of rostrum, ventral; 83, sensillum.

but is cylindrical at the base, tapering gradually

to a fine point. Podocephalic canals absent.

Legs I and II with basifemur and telofemur

distinctly separated from each other, III with

femur undivided, so that legs I and II have six

free segments beyond the coxa while III has only

five. Vestigial setae absent from patella and

tibia of all legs; eupathidial formula 2-1-0.

Tarsus I with solenidion at 0.51-0.59, fi at

0.67-0.77, ed and companion seta at 0.95-0.98;

averages 0.55, 0.72, and 0.97 respectively (ten

tarsi I). Tarsus II with f2 at 0.32-0.39, s2 at

0.40-0.47; averages 0.36 and 0.43 respectively

(nine tarsi II). Other chaetotactic features of

legs as shown in table. All tarsi with two claws,

the posterior more erect than the anterior.

TYPE LOCALITY : Angeles National Forest, Los

Angeles County, 2.1 miles (by road) northwest

of Big Pines Ranger Station. Under black oak

litter on north slope. June 10, 1957, collected

by the writer.

Charadracarus grandjeani (Andre) 1930,

new combination

Typhlothrombium grandjeani

,

Andre, 1930:

527-531.

T. grandjeani, Thor and Willmann, 1947: 2 19—

220 .

T. grandjeani, Cooreman, 1954: 14-17.

This is a humus inhabitant, collected in the

park at Versailles, France, under ”rouseux

Andre described their color as ".
. . rouge pale,

blanchissant rapidement dans 1’alcool.” C. deli-

tescens is not colored in the living state, except

for the yellowish sclerotized areas.

Andre’s description was based on the adult,

not on nymphs. The presence of only two pairs

of genital acetabula in the Johnstonianidae gen-

erally indicates a nymph, but Charadracarus is

an exception. Andre described a well-developed

spiniform seta anterodistally, in addition to the

odontus and four long setae, making a total of

six for the segment. The writer has studied the

type slide, and the "spiniform seta” actually is

only a little shorter than the other setae of the

tibia, other than the odontus, and has the same

form as in C. delitescens and C. hurdi (Figs. 7

and 44 of this paper).

Charadracarus aelleni (Cooreman) 1954,

new combination

Typhlothrombium aelleni, Cooreman, 1954: 14-

17.

This is a cavernicolous species from the Jura

Range, Switzerland, Grotte de l’Echelette, alti-
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tude 1220 meters. It is the only one of the

four species in which there is a well-developed

paradont on the tibia of the palp. It resembles

C. delitescens and C. grandjeani in the fusiform

sensilla. It resembles C. hurdi in the filiform

shape of the major setae. Whether or not the

paradont is a new seta in this species or whether

it is a modified normal seta is difficult to say.

Cooreman showed three normal setae on the

posterior surface of the palpal tibia and two on

the anterior surface, in addition to the odontus

and paradont, making a total of seven setae for

the tibia. In the other three species, there are

six setae in addition to the odontus, but none

of these assumes the character of a paradont.
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Notes on the Hawaiian Frigate Mackerel of the Genus Auxis

Walter M. Matsumoto1

A NEW DISTRIBUTION RECORD for a long-

corseletted frigate mackerel of the genus Auxis

was established on November 30, 1957, with

the capture of 2 1 specimens in the central Pacific

Ocean. These fish were taken from the same

school together with five short-corseletted frigate

mackerels. The catch was made from the re-

search vessel "John R. Manning” of the Pacific

Oceanic Fishery Investigations (POFI), by pole-

and-line fishing, one mile offshore, two miles

northwest of Cape Kaea, Lanai. Although the

long- and short-corseletted Auxis are known
from both sides of the Pacific, only the short-

corseletted form has been reported heretofore

from the central Pacific area.

As is the case with some of the other scom-

brids, the taxonomy of this genus is not

very clear. Although the identity of the short-

corseletted form has been well established as

A. thazard (Lacepede 1802), the nomenclature

of the long-corseletted form has been confused

because of incomplete description and subse-

quent misnaming by other workers. It is hoped

that this paper will help to clarify the nomen-

clature of this genus.

The long-corseletted form of the western

Pacific has been identified by various names.

Kishinouye (1915: 13-14) recognized two spe-

cies of Auxis in Japanese waters, to which he

ascribed the names A. hira and A. maru. The
former species was described as having a short

corselet which ended slightly posterior to the

pectoral fin, whereas the latter was described

as having a long corselet which extended to

the anal fin. Under the description of the lat-

ter species, Kishinouye stated that "Bleeker’s

tapeinosoma may also be this species, but the

figure and description of this species are very

rough and unclear.” In recent years Herre and

Herald (1951: 319) and Wade (1949: 229)
applied the name tapeinosoma to the Philippine

Tishery Research Biologist, Bureau of Commer-
cial Fisheries, Hawaii Area, Honolulu. Manuscript
received September 17, 1958.

long-corseletted form. A review of Bleeker’s

original description (1854: 408), however, dis-

closes that tapeinosoma is definitely a short-

corseletted form, for according to him the corse-

let ends "slightly posterior to the pectoral fins.”

This character agrees with the short corselet of

thazard and hira, and therefore, tapeinosoma, as

used by Herre and Herald, and by Wade, in

identifying the long-corseletted species is a

misnomer.

The appropriate name for the western Pacific

long-corseletted species seems to be A. thyn-

noides Bleeker. Examination of Bleeker’s (1855:

301) original description of the type specimen

which was taken at Ternate, East Indies, and

which is now in the Leiden Museum, clearly in-

dicates that his specimen is the long-corseletted

form, for he states that the corselet along the

lateral line ends "far behind the pectoral fin.”

The writer’s interpretation of Bleeker’s descrip-

tion is confirmed by John E. Fitch (through

private correspondence), who has checked the

type specimen. It is apparent from the original

description and from Fitch’s information that

thynnoides is the earliest available name for the

western Pacific long-corseletted species. The Ha-

waiian form described here is identical with

that from the Philippine waters and agrees well

with the type specimen described by Bleeker.

Consequently, it is given the name A. thyn-

noides Bleeker.

A. thazard has been described many times by

previous workers. Nevertheless, in order to

facilitate the comparison between this species

and thynnoides, the descriptions of both are

presented.

DESCRIPTIONS OF SPECIES

Auxis thynnoides Bleeker

Fig. 1

This description is based on 20 specimens

which are now deposited at the POFI laboratory,

Honolulu, Hawaii.

173
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Fig. 1. Auxis thynnoides Bleeker.

Dorsal X-XI, 10-11, 8. Anal 12-13, 7. Gill

rakers 10-11 + 1 + 32-36 = 43-48. Total

length 262-290 mm.
Body robust, fusiform, almost cylindrical in

cross section. Snout short, pointed. Mouth mod-
erate; gape to slightly past anterior margin of

pupil. Each jaw with single row of small, weak

teeth. Palatines and vomer toothless. Dorsal fins

well separated. Dorsal interspace slightly greater

than half the distance between origins of first

and second dorsals.

Vertebrae 20 + 19 = 39, including urostyle.

First haemal arch on 8th vertebra; first closed

haemal arch and first haemal spine on 21st ver-

tebra. Haemal canal borne away from body

of vertebra by pedicles [of Starks (1910: 97)

= epihaemal processes of Kishinouye (1923:

460)}.

Body naked, except for corselet of scales.

Corselet along lateral line extends beyond ver-

tical through posterior end of second dorsal.

Corselet 16—18 scale-rows wide below origin of

second dorsal fin. Lateral line more or less un-

dulating, without any pronounced arch.

Body markings consist of 14-16 dark, nearly

vertical bars over bluish background above

lateral line. Bars often broken into spots. Dark

continuous band over top of head and along

dorsal margin of body. The band more or less

uniform in width to end of second dorsal,

whence it narrows posteriorly to base of caudal

fin. Body below lateral line silvery white and

free of markings or spots.

Auxis thazard (Lacepede)

Fig. 2

This description is based on five specimens

which are deposited at the POFI laboratory,

Honolulu, Hawaii.

Dorsal XI, 10-12, 8. Anal 13, 7. Gill rakers

9-10 + 1 + 28-31 = 39-42. Total length

272-283 mm.
Body robust, more or less compressed lat-

erally. Snout short, pointed. Mouth moderate;

gape to well past anterior edge of pupil. Each

jaw with single row of small, weak teeth. Pala-

tines and vomer toothless. Dorsal fins well

separated. Dorsal interspace less than half the

distance between the origins of the first and

second dorsals.

Vertebrae 20 + 19 = 39, including urostyle.

First haemal arch on 8th vertebra; first closed

haemal arch and first haemal spine on 21st ver-

tebra. Haemal canal borne away from body of

vertebra by pedicles.

Body naked, except for corselet of scales.

Corselet along lateral line extends posteriorly to

about two-thirds the distance from the origin of

first dorsal to the origin of second dorsal. Lateral

line only one or two scale-rows wide beneath

second dorsal origin. Lateral line more or less

undulating, without any pronounced arch.

Body markings about 16 dark, oblique bars

running posterodorsally and overlying bluish

background above lateral line. Bars variable in

number and often broken into spots. Dark con-

tinuous band over top of head and along dorsal
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margin of body. The band more or less uniform

in width to above tip of pectorals whence it

narrows posteriorly to base of second dorsal fin-

let. Body below lateral line silvery white and

free of markings or spots.

DISCUSSION

Several distinguishing characters are noted in

the two types of Auxis described here. The most

obvious of these is the corselet formation along

the lateral line. In thazard the corselet narrows

abruptly toward the lateral line and ends at

about two-thirds of the distance from the origin

of the first dorsal to the origin of the second

dorsal fin. On larger specimens, 350 to 400 mm.
long, according to Wade (1949: 234), the

corselet tapers less rapidly than in smaller speci-

mens, but in no case does it extend to the level

of the second dorsal origin. In contrast to this

the corselet of thynnoides tapers very gradually

and terminates between the first and second

dorsal finlet. In the Hawaiian specimens the

corselet is still 16 to 18 scale-rows wide beneath

the origin of the second dorsal fin. In the smaller

Philippine specimens, whose total lengths range

between 195 and 235 mm., the corselet beneath

the second dorsal fin is from 9 to 15 scale-rows

wide.

Upon examining the corselet of these speci-

mens, it was noticed that the largest scales were

adjacent to the lateral line, and that the size of

the scales diminished on each succeeding scale-

row away from the lateral line. From this ob-

servation and also from the previous one, that

the larger Hawaiian specimens have more scale-

rows than the smaller Philippine specimens, it

was suspected that the width of the corselet

increased with growth of the fish. An analysis of

the regression of number of scale-rows on fish

length ( Hawaiian and Philippine material com-

bined) yielded the equation, Y = 0.078X-4.55,
which is shown graphically in Figure 3. The
highly significant regression coefficient (b =
0.078; t =: 12.14, P < 0.001, at 19 degrees of

freedom) indicates that the number of scale-

rows increases as the body length does, and

that therefore, the variation in corselet width

between the Philippine and Hawaiian speci-

mens represents growth rather than a species

difference.

An interesting character, one which has sel-

dom been used previously in separating the two

forms of Auxis, is the configuration of body

markings. In both species the dorsal half of the

body contains a number of dark bars. Although

these bars vary in number and are sometimes

broken into spots, their position on the body is

distinctive. In thazard the bars lie obliquely in

a posterodorsal direction. In addition to these

bars, the dorsal surface of the body is marked

with a dark longitudinal band which is as wide

as the interorbital space and which extends

evenly from the snout to above the tip of the

pectoral fin. It then tapers gradually to about

the base of the second dorsal finlet. In thyn-

noides, on the other hand, the bars lie in a more

Fig. 2. Auxis thazard (Lacepede).
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Fig. 3. Regression of the number of scale-rows on total body length of Auxis thynnoides.

or less vertical direction, and the dark longi-

tudinal band on the dorsal surface of the body

does not taper noticeably until it reaches the

end of the second dorsal fin, whence it continues

to the base of the caudal fin, tapering very

gradually.

Another character often mentioned by in-

vestigators in separating the two forms of Auxis

is the difference in the roundness of the body.

In both species the ratios of body length (fork

length ) to body width are nearly identical ( 6.04

to 6.56 in thazard; 6.02 to 6.58 in thynnoides)

;

however, the ratio of body length to body depth

of thynnoides (4.55 to 4.98) is greater than that

of thazard (4.32 to 4.56). Consequently, thyn-

noides appears fusiform, whereas thazard, be-

cause of its greater depth, appears laterally

compressed. In visual comparison, this difference

is so slight that it requires an unusually keen

observer or one who has had practice in this ob-

servation to notice the difference.

Nearly all of the characters examined on the

two species exhibit very small differences which

are difficult to recognize in the field. Even the

relatively more obvious corselet difference would

elude detection unless the observer was looking

for it specifically. This being the case, the ques-

tion arises as to whether thynnoides was present

in these waters previous to this capture but was

undetected, or whether its recent capture in-

dicates a movement of this fish into the area.
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Taxonomic Notes on the Ants Ponera leae Forel and

Ponera norfolkensis (Wheeler) (Hymenoptera-Formicidae)

R. W. Taylor 1

The recent recognition by Wilson (1957)

of several Pacific species groups within the ant

genus Ponera has done much to clarify the rela-

tionships, both taxonomic and biogeographical,

of various scarce species occurring in this area.

The present note has been prepared in order

to record the addition of two further species

to Wilson’s Ponera tenuis group: these are

P. leae Forel of Tasmania, and P. norfolkensis

(Wheeler) of Norfolk Island. The recognition

of the true position of these species has resulted

from studies directed towards the identification

of specimens of P. leae collected several years

ago at Paihia, New Zealand, by Dr. K. P. Lamb
of the Plant Diseases Division, Auckland. Fur-

ther notes on the biology of P. leae in New
Zealand will be presented elsewhere; at present

it is sufficient to point out that this ant has

almost certainly been introduced into that coun-

try from Tasmania, or from some other part of

Australia.

Since this work is largely additional to that

of Wilson ( loc . cit.) I have used his descrip-

tions as a basis in preparing the measurements,

indices, and terminology used below.

Ponera leae Forel

Ponera leae Forel, 1913, Bull. Soc. Vaud. Sci.

Nat. 49: 173-196; p. 175, worker, original

description.

TYPE LOCALITY: Tasmania.

The following measurements and notes are

based upon the holotype worker in the Mu-
seum d’Histoire Naturelle, Geneva; and on two

workers from Paihia, New Zealand, in the col-

lection of the Plant Diseases Division, Auckland.

HOLOTYPE WORKER: HW 0.40 mm., HL 0.55

mm, SL 0.35 mm. Cl 73, SI 87.5, PW 0.30 mm,
PH 0.29 mm, petiolar node length 0.21 mm,
dorsal petiole width 0.25 mm.

1 Zoology Department, University of Auckland.

Manuscript received February 24, 1959-

HOMOEOTYPE WORKERS: HW 0.40 mm, HL
0.55 mm, SL 0.34 mm. Cl 73, SI 85, PW 0.30

mm, PH 0.29 mm, petiolar node length 0.21

mm, dorsal petiole width 0.25 mm.
Length 2.5 mm. Mandibles with three well-

developed teeth occupying approximately the

apical third of the masticatory border, and with

an indeterminate number of minute denticles

behind. Eyes minute, consisting of a single facet

with a maximum diameter of about 0.01 mm.
Antennal club massive, distinctly four jointed,

considerably longer than the remainder of the

funiculus. Petiolar node (Fig. 1) in side view

massive, subrectangular, tapering slightly dor-

sally; seen from above its dorsal surface forming

an almost complete half-circle, the posterior face

flat to very feebly concave. Subpetiolar process

somewhat reduced, with a large and distinct an-

terior fenestra. Other characters as described by

Forel ( 1913).

Forel (1913) considered that eyes were not

developed in this species, and Wheeler (1927)

noted that pigment spots were present in some

specimens, while others showed no sign of eyes.

It is clear that Forel overlooked the eyes which

I have shown to be present in his type of leae;

and in view of the minute size of these it is

probable that Wheeler was also in error in his

interpretation of the material he examined.

However, Wheeler’s observation must stand,

with reservation, until further material becomes

available, as the specimens examined by him

have apparently been lost, and so cannot be

checked.

relationships: This species is clearly very

closely related to P. caledonica Wilson, but dif-

fers in the following characters:

( 1 ) The eye of leae is somewhat smaller;

with a maximum diameter of only about 0.01

mm, as compared with 0.02 to 0.03 mm. in

caledonica .

(2) The lateral faces of the propodeum are

much more densely shagreened, with extremely

178
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FIG. 1. Ponera leae Forel. Petiolar node in side

view. Drawn from a specimen collected at Paihia,

New Zealand.

fine longitudinal striae, than are those of cale-

donica; they appear as subopaque, whereas

in caledonica they are moderately to strongly

shining.

( 3 ) The punctulation of the first and second

gastric segments is somewhat more coarse, and

close, than that of caledonica

.

(4) The body colouration is darker than that

of caledonica

,

medium reddish brown, as op-

posed to light reddish brown.

Ponera norfolkensis (Wheeler)

Ponera leae oculata Wheeler, 1927, Proc. Amer.

Acad. Arts Sci. 62: 121-153; pp. 130-131,

fig. 1, worker, queen, original description.

TYPE LOCALITY: Norfolk Island.

Ponera leae norfolkensis Wheeler, 1935, Occ.

Pap. Bishop Mus. 11(11): 1-56; p. 13, new
name for oculata, name preoccupied.

The following details have been supplied by

Dr. Wilson; they are based upon two syntype

workers in the Museum of Comparative Zool-

ogy, Harvard University.

( 1 ) HW 0.43 mm.-0.44 mm., HL 0.56 mm-
0.57 mm., SL 0.36 mm. Cl 76-77, SI 84-85,

PW 0.35 mm, petiolar node length 0.20 mm,
dorsal petiole width 0.29 mm. (PW, petiolar

length, and petiolar width are based on one

specimen only.

)

(2) Size larger than that of either leae or

caledonica.

(3) Eye developed as in caledonica.

(4) Propodeal sculpturing as in leae.

DISCUSSION: Within the Ponera tenuis spe-

cies group Wilson (1957) recognized several

subgroups. One of these, his caledonica sub-

group, included P. caledonica of New Caledonia,

and the east Australian P. exedra Wilson. The
major features of this subgroup are the relatively

large size, elongated head, thick petiolar node,

and light colouration; characters which are

shared also by leae and norfolkensis, discussed

above. Accordingly the subgroup may be ex-

tended to include these two species, and by

nomenclatural priority must now become known
as the Ponera leae subgroup.

In addition, relationship between leae, nor-

folkensis, and caledonica is particularly marked..

Indeed Wilson, who has checked one of my leae

homoeotypes against the type series of cale-

donica, has noted {in litt. ) that the characters

of leae fall within the range of variation of

caledonica, in such important characters as size,

petiole shape, and head and scape proportions.

Nevertheless the diagnostic features listed above

seem to be characteristic. P. norfolkensis also

seems to be a "good species,” considering the

characters listed above, and the differences be-

tween it and leae noted by Wheeler (1927).

Within the P. leae subgroup, therefore, leae,

norfolkensis, and caledonica form a very closely

related assemblage distinct from P. exedra. These

three forms may best be considered as constitut-

ing a biological superspecies, with three ap-

parently distinct allopatric species developed on

New Caledonia, Norfolk Island, and Tasmania.

Full specific recognition has been accorded these

forms due to the apparently discontinuous na-

ture of the variation in their diagnostic features,

and the known facts regarding the often very

subtle species differences in other, better repre-

sented, species of Ponera.
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key to THE Ponera leae superspecies

In the key to the species of the tenuis group

presented by Wilson (1957) all three of these

species key out to caledonica

;

they may be dif-

ferentiated as follows:

1. Slightly larger species, HW 0.42 mm. to

0.44 mm. (Norfolk Island) norfolkensis

Slightly smaller species, HW 0.38 mm. to

0.40 mm 2

2. Eye diameter 0.02 mm. to 0.03 mm.; colour

medium reddish brown; lateral faces of

propodeum feebly to strongly shining

(New Caledonia) caledonica

Eye diameter about 0.01 mm.; colour dark

reddish brown; lateral faces of propodeum

densely shagreened and subopaque (Tas-

mania and New Zealand) leae
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NOTES

Fatal Shark Attack, Oahu, Hawaii, December 13, 1958
1

Albert L. Tester2

On December 13, 1958, a large shark believed

to be Galeocerdo cuvieri, the tiger shark, was

responsible for the death of 15 -year-old William

(Billy) Weaver in water about 12 feet in depth

off Lanikai on the windward (east) coast of

the island of Oahu, Hawaii. Although the story

of the tragedy was well covered in the local

newspapers, a condensed version has been pre-

pared which includes information of interest to

scientists who are concerned with factors moti-

vating shark attack. In preparing the account

which follows, conflicting stories have been re-

solved and additional information has been ob-

tained by correspondence and interview with

several of the persons directly or indirectly in-

volved. Additional information on shark iden-

tification, shark fishing, etc., was supplied by the

staffs of the Board of Agriculture and Forestry,

Division of Fish and Game, and the Bureau of

Commercial Fisheries, Pacific Oceanic Fisheries

Investigation.

DESCRIPTION OF THE INCIDENT

A party of six boys including the victim

(Billy Weaver) and five friends (Terry Oak-

land, age 14; Tom Replogle, 14; Garrett Goo,

13; Brook Collins, 10; and Charles Collins, 9)

were swimming and surfing about noon off a

reef near Twin Islands (Mokulua Island) about

mile off Lanikai (Fig. 1). They had three

surfboards which were light green, red and

"natural” in color, three air mattresses which

were red on one side and blue on the other, and

an 8-foot sailboat, without mast or sail, which

was white in color and anchored near the reef.

1
Contribution No. 125 of the Hawaii Marine Lab-

oratory, University of Hawaii. Manuscript received

April 6, 1959-
2 Department of Zoology and Entomology, Univer-

sity of Hawaii.

The sky was clear but the water was rough with

whitecaps and good-sized waves. The boys kept

together; never was one more than 75-100 feet

from the others.

About 1 p.m. Brook Collins was resting in the

boat with his surfboard across it; Charles Col-

lins was resting on his surfboard beside the boat,

holding on to the anchor line—he was afraid of

the waves after "pearl diving” on one. The four

older boys were surfing off the reef. Garrett Goo
and Terry Oakland, on air mattresses, and Tom
Replogle, on the light green surfboard, caught

a wave and rode a short distance. Billy Weaver,

on an air mattress, failed to catch the wave.

When about 50 yards away, the boys noticed

that Weaver was clinging to the mat, apparently

in difficulty. On hearing a feeble cry for help,

Goo swam over, saw blood in the water, and

realized that Weaver had lost a leg. The three

boys attempted to support the victim and called

to Brook Collins to bring the boat over. After

some difficulty in freeing the anchor from the

coral, Brook Collins hauled it up and started

rowing. As the boat was coming too slowly,

Garrett Goo swam to it, climbed aboard, and

pushed the surfboard off the boat to make more
room for rowing. Brook Collins, standing up in

the boat, saw a large shark surface 30 feet away,

and screamed "Shark.” The two boys supporting

the victim pushed him toward the reef, and

swam frantically to the boat. By the time they

reached the boat he had disappeared. As they

could not approach the spot where he had been

last seen without risk of swamping the boat in

the waves, the boys rowed to shore and sum-

moned help.

A Fire Department rescue squad arrived at

2:30 p.m. and sped to the scene in a borrowed

2 5 -foot Chris-Craft boat. Local residents in other

boats joined in the search. The body was finally
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Fig. 1. Coastline of Oahu, showing places where sharks were sighted.

located by a helicopter crew from Kaneohe

Marine Air Station in a hole in the reef seven

feet deep, and it was recovered by a local resi-

dent, John G. Ferreira, by skin diving. The
shark, variously estimated at 15 to 25 feet in

length, was still cruising nearby, its dorsal fin

about lp2 feet out of the water. Attempts to

revive the boy with artificial respiration both

on board the boat and on shore were unsuccess-

ful. A deputy coroner stated the shark bite had

stripped awTay the flesh six inches above the

knee and completely removed the right leg from

the knee joint. The victim died from loss of

blood, drowning, shock, or a combination of all

three.

ATTEMPTS TO CATCH THE SHARK

On December 14, 1958, attempts were made

by employees of the Division of Fish and Game
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and by local residents to capture the shark. The

Fish and Game employees set an 8-hook shark

setline in the shallow water off the reef where

the incident had taken place but without suc-

cess. In the meantime, Piper Cub pilots search-

ing the area spotted two schools of sharks in

the adjacent waters of Kailua Bay (Fig. 1).

One group of three large sharks was reported

cruising just off Flat Island, 200 yards offshore

from the public beach. The second school of

about a dozen sharks was spotted on the north

end of the bay. Local residents converged on

both areas hoping to kill the sharks with high-

powered rifles but were unsuccessful.

From December 15 through December 17,

1958, under the personal direction of C. Eric

Reppun, President, Board of Agriculture and

Forestry, and Michio Takata, Director, Division

of Fish and Game, the Division’s research ves-

sel "Makua” fished a 24-hook setline (flagline

or buoyed longline) offshore from the reef in

about 70-80 feet of water (Fig. 1). The catch

consisted of three tiger sharks and two sand

sharks. Two of the tiger sharks were 12 feet in

length and weighed 750-800 pounds; the third

was 11 feet in length and weighed 410 pounds.

The two sand sharks (Eulamia menisorrah?)

were eight to nine feet in length and weighed

about 350 pounds.

IDENTITY OF THE SHARKS

It seems most likely that the fatal attack was

by a large tiger shark ( Galeocerdo cuvieri ) . One
of the searchers described the shark (to Her-

bert Mann, Bureau of Commercial Fisheries ) as

having blotches on its sides and a blunt nose,

thus eliminating most other local species in-

cluding the great white shark ( Carcharodon

carcharias ) . Moreover, in the recent six months

of shark fishing to assess local abundance, the

Division’s ship "Makua” has caught only two

species by setline in inshore water (50-120 feet

in depth)-—34 tiger sharks and 33 sand sharks.

The largest tiger shark taken during this period,

l4!/2 feet in length and 1,200 pounds in weight,

approaches the reputed size of the Lanikai killer.

However, an element of uncertainty is intro-

duced by Brook Collins’ observation that the

dorsal fin of the shark appeared black along the

edge, suggesting some species other than the

tiger.

COMMENT ON SHARK ATTACK

It is noteworthy that the fatal attack occurred

before the swimmers were aware that a shark

was in the vicinity. If the boys had been skin

diving, rather than surfing, they may have dis-

covered its presence. If the shark surfaced prior

to the attack, its dorsal fin must have passed un-

noticed in the rough surface water.

It is noteworthy that three of the four boys

exposed to attack were using air mattresses. Ma-
nipulation of the mattress in pushing, boarding,

and paddling, requires much more activity

than does a surfboard. It is possible that the

shark was attracted to the area by this unusual

commotion. The vicitm is likely to have been

threshing his arms and legs extensively while

attempting to catch the wave which carried

away his companions.

Tom Replogle reported that he had seen coco-

nut floats, such as are used to mark fish traps,

near the scene of the tragedy. A turtle was also

observed nearby. It is possible that the shark

was attracted to the area by fish caught in the

traps or by the turtle.

Although there is no on-the-spot record of

water temperature, it was probably about 23° C.

This temperature was recorded at the time of

the tragedy for the salt water system at the

Hawaii Marine Laboratory, Kaneohe Bay, some

five miles distant. The water is pumped con-

tinuously from a depth of about 10 feet.

SHARK ABUNDANCE

Although quantitative data are not available

over a sufficient period of time to measure

changes in shark abundance, observations by

fishermen and skin divers indicate the abun-

dance has increased in the last few years. This

has been attributed to several possible causes:

( 1 ) Cessation of shark fishing because of a

recent law (Hawaii Food, Drug and Cosmetic

Act, 1941) requiring the labelling of ingredients

in Japanese-style fish cake. Although most of

the sharks used for this purpose were taken in-

cidental to tuna longlining, which is still active,

it is possible that the fishermen now cut the

leader line when a shark is captured, allowing
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it to go free. This practice would speed up the

handling of the gear when using the recently

introduced automatic hauler.

(2) Reduction in the inshore fish popula-

tion, inducing sharks to frequent shallow waters

and to become bolder in their search for food.

There is not much doubt that the reef fish popu-

lation is at a low level of abundance because of

both commercial and sport fishing pressure. The
latter must have increased greatly with the in-

troduction of SCUBA diving gear.

(3) Increase in shark population for some

unknown reason. Possibly an increase in abun-

dance occurred following the war period of

reduced effort in the longline fishery.

There appears to have been an increase in

shark attacks during the past 10 years as com-

pared with a previous 60-year period. Of the

3 (perhaps 6) known fatalities since 1886, 3

(including the present) have occurred in the

last 10 years. Of the 11 incidents involving

injury by sharks since 1886, 5 have occurred

in the last 10 years. Whether the increase is

due to the increased number of swimmers and

consequent increased number of exposures is

unknown.

PUBLIC REACTION

There was immediate and widespread concern

over the shark incident, together with public

demand for action to reduce the hazard. Boun-

ties were offered by a private individual (Bill

Wills, $20 each for 10 sharks) and by a radio

station (KPOA, $100 per shark over 15 feet,

$25 per smaller shark for sharks caught until the

end of December in the vicinity of the tragedy )

.

An action program for reducing shark abun-

dance on a continuing basis was proposed by

the Board of Agriculture and Forestry and en-

dorsed by several windward Oahu associations

on December 18, 1958. Its activation is con-

tingent on funds to be raised by public subscrip-

tion. The plans call for a one-vessel, scientifically

directed shark fishing program embracing all

inshore waters of Oahu. Should this become a

reality, efforts will be made to not only control

the local shark population but at the same time

to gain information on the species composition,

abundance, distribution, life history, and be-

havior of the sharks.

The Billy Weaver Shark Control Program was

started April 1, 1959, using the vessel "Holo-

kahana I” with Fred J. Inouye as master. Using

three units of 24-hook long-line gear, 595

sharks were caught from the inshore waters of

Oahu during the remainder of the year. Of

these, 71 were tiger sharks.



Introduction of the Marquesan Sardine, Harengula vittata

(Cuvier and Valenciennes), to Hawaiian Waters

Garth I. Murphy 1

A PROGRAM of introduction of the Marquesan

sardine was undertaken by the Bureau of Com-
mercial Fisheries, Hawaii Area, at the request of

the Hawaii Division of Fish and Game. The ob-

jective was to introduce a species of fish to the

Hawaiian Islands that would be suitable as

tuna bait in order to supplement the somewhat

tenuous supply of the nehu, Stolephoms pur-

pureus Fowler. The stimulus for the request and

the subsequent program stemmed from the fact

that the fish fauna of the Hawaiian Islands is

notable for the number of endemic species and

the absence of many forms that are common in

the central Pacific islands to the south. Gosline

(1955) proposed that the migration route of

shore fishes to Hawaii is from the south and

that Johnston Island, some 600 miles south of

the Hawaiian chain, is the stepping stone. He
suggests that the failure of many forms to reach

Hawaii can be attributed to the large over-water

distance to be traversed in crossing first to John-

ston Island and then to Hawaii, to possible

ecological screening of fishes at Johnston Island,

and finally to the possibility that the Hawaiian

Islands do not offer the necessary habitat for

certain of the absent forms, especially in regard

to species missing in Hawaii but found at John-

ston Island.

The Marquesan sardine was first recorded as

tuna bait by Royce ( 1954) ,
who found them to

be abundant and accessible in the Marquesas and

suitable for tuna fishing. Additional factors sug-

gested that they would be a useful and success-

ful species in Hawaii. They were found along

the surf line in the Marquesas but generally

along rocky, sandy, sheltered beaches, a habitat

not usually frequented by the nehu. (Thus, it

did not seem likely that they would compete di-

rectly with the nehu.) The Marquesas are high,

volcanic islands as are the Hawaiian Islands and,

1
Fishery Research Biologist, Bureau of Commercial

Fisheries, Hawaii Area, Honolulu, Hawaii. Manuscript

received November 17, 1958.

with the exception of the scarcity of coral in the

Marquesas, appear to represent the same general

type of environment as the Hawaiian Islands.

Negative factors relative to the introduction

are the somewhat cooler water temperatures

in Hawaii and the fact that our seasons are

reversed.

Ordinarily, such an expensive project as trans-

ferring a marine fish from 10° south of the

Equator to 20° north of the Equator would not

be undertaken without an extensive investiga-

tion of the fish’s life history to evaluate the

chances of successful introduction and to weigh

thoroughly the possibility that the species might

do harm in the new area. The possibility of

harm seemed remote, and the expense not crit-

ical because a program of introduction could be

incorporated in an investigation of the Mar-

quesas area by the Pacific Oceanic Fishery In-

vestigations ( now known as the Bureau of

Commercial Fisheries, Hawaii Area).

The several releases in Hawaiian waters

(Table 1) were made as close to shore as opera-

tionally feasible and in habitat situations that

were regarded as suitable for the Marquesan

sardine. Examination of the gonads of the sar-

dines in Marquesas waters suggested that nearly

all of the individuals brought to Hawaii were

young, mature adults.

In lieu of an extensive recovery program,

wide publicity was given to the releases and a

special poster, which included a photograph of

the sardine, was widely distributed throughout

Hawaii wherever fishermen were likely to con-

gregate. The poster was especially directed to

tuna fishermen because they use fine mesh nets

when fishing for the nehu. Relying primarily

on tuna fishermen for recoveries has several ob-

vious advantages and one serious disadvantage,

for one would expect that the Marquesan sar-

dine would not be most abundant in the same

habitat as the nehu.

It is not the purpose of this discussion to
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TABLE 1

Records of the Marquesan Sardine (Harengula vittata) in Hawaiian Waters

RELEASES
!

RECOVERIES

Date Locality

Esti-

mated
num-
ber

Fork length

(mm.)
range and

mean

Date Locality
Num-
ber

Fork length

(mm.)
range and

mean

12-17-55 Barbers Point,

Oahu 11,000 66-115 (88)
9-26-56 Hanauma Bay,

Oahu 7,000 76-127 (101)
9-27-56 Kalihi Channel,

Oahu 1 106

3-22-57 Pokai Bay,

Oahu 27,000 78-116 (94)
3-26-57 Kaneohe Bay,

Oahu 1 90
3-27-57 Kalihi Channel,

Oahu 1 90
4- 8-57 Kaneohe Bay,

Oahu 4 87-93 (91)
6- 4-57 Kaneohe Bay,

Oahu 1 103

9- 9-57 Barbers Point,

Oahu 6 120-145 (134)

12-14-57 Ewa, Oahu 31,000 90-111 (99)
2-25-58 Ewa, Oahu 53,000 72-123 (98)

2-28-58 Honolulu
Harbor, Oahu 4 82-101 (92)

4-29-58 Pearl Harbor,

Oahu 3 108-114 (111)

5- 2-58 Ewa, Oahu 8,000 47-134 (102)
6-23-58 Maunalua Bay,

Oahu 3,000 84-115 (101)
6-27-58 Honolulu

Harbor, Oahu 1 102

6-30-58 Kaneohe Bay,

Oahu 1 105
7- 5-58 Kihei, Maui 10 Not examined
9-10-58 Port Allen,

Kauai 6 67-72 (70)
9-23-58 Kaneohe Bay,

Oahu 1 62
9-25-58 Hanalei Bay,

Kauai 6 74-84 (80)
10- 2-58 Port Allen,

Kauai 6 43-84 (71)
10- 7-58 Kihei, Maui 29 37-61 (52)

evaluate the program completely to date; the

passage of time will furnish definitive informa-

tion in this respect. The pattern of recoveries in

Table 1 however does permit optimism. The
first release yielded no recoveries and the second

was followed the next day by a single recovery.

There were no additional recoveries until a few

days after the next release on March 22, 1957,

about six months later. It is significant that this

planting was nearly three times as large as its

predecessors and was followed by a number of

recoveries culminating in the capture of six
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large adults off Barbers Point by a fisherman,

using a gill net. This recapture was significant

because ( 1 ) the fish recaptured were larger than

any planted in Hawaiian waters (in fact the

largest were longer than any measured in Mar-

quesan waters), and (2) examination of the

specimens suggested that they were very close

to spawning. There were no additional recov-

eries for another six months and these followed

close on the heels of an additional release, as

did the two recoveries in June, 1958.

In July, September, and October, 1958, there

were recoveries that did not fall into the usual

pattern. First, the sardine was reported from

Kauai and Maui where they had not been

planted, and, perhaps more significant, some of

the specimens were very small in size, strongly

suggesting that there had been successful re-

production.

Of 1,300 fish measured in the Marquesas dur-

ing the spring of 1958, only 81 were smaller

than 75 millimeters. Considering only the last

two stockings, only 3 of 50 fish measured were

less than 75 millimeters and these were planted

in May of 1958. For these small specimens to

have originated from the stockings would re-

quire both that the fish did not grow during

their three or four months’ stay in Hawaii, and

that there was a highly improbable statistical

accident. In view of the growth evinced by the

six specimens taken off Barbers Point on Sep-

tember 9, 1957, this seems remote.

In summary, substantial numbers of Mar-

quesan sardines have been released in Hawaiian

waters; there have been numerous casual recov-

eries by commercial fishermen in Hawaii, all

indicating that the individuals released were

healthy. Finally, there is now at hand good evi-

dence that the species has spawned. To the

writer’s knowledge, this is the first successful

introduction of a purely marine fish species;

perhaps the success is not unexpected because

of the general impoverishment of the Hawaiian

marine fauna and the attendant vacant niches.

This type of faunal impoverishment has gen-

erally been the basis of the numerous successful

fresh water introductions of exotic fishes.
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News Notes

A Handbook of Hawaiian Fishes, written by

William A. Gosline and Vernon E. Brock, has

just been published by the University of Hawaii

Press. It is the first work since that of Jordan

and Evermann in 1905 to give the information

needed for the identification of all of the inshore

species of fishes recognized from the Hawaiian

Islands and their adjacent waters. As such, it is

a complex and important undertaking, which

has been carefully prepared by its authors and

handsomely printed by the University of Hawaii

Press. It will be of value not only to ichthy-

ologists but to anyone whose interest in Hawaii’s

fishes extends to the point of wanting to learn

which ones they are. Teachers of marine biology,

commercial fishermen confronted with unfa-

miliar specimens in their hauls, biostatisticians,

law-enforcement agents, students, and plain

people who wish to be knowledgeable about

their catches, all will find this Handbook both

useful and instructive.

No book can make ichthyology easy, but this

one makes the fundamentals of the science easier

to acquire than would most texts upon the sub-

ject. It avoids the almost unintelligible language

of the specialists, using instead a sensible in-

formal style which is both descriptive and re-

liable. The result is a work that makes taxonomy,

as the authors intended it to be, "as painless as

possible,” without sacrificing either accuracy or

the details of systematics.

In its 371 pages, the Handbook presents all

of the information needed for the identification

of 584 species of native Hawaiian fishes, to-

gether with 15 species that are not yet known
north of Johnston Island, and about 30 others

that have been intentionally introduced to the

Hawaiian Islands. When it is known, the com-

mon name generally applied to a fish in Hawaii

is listed with the scientific name of that fish.

The relationships of the deep-water forms, of

which 136 are discussed in the Handbook, are

still too little known to permit a lasting classifi-

cation, and, wisely, the authors carry their ac-

counts of these fishes "only to the family level.”

All of the 448 forms of inshore or surface-living

fishes are keyed to species, however, and for each

of these a short description is given. Five color

plates, two large end-paper maps of the Indo-

Pacific area, and 277 elegant line drawings illus-

trate the book.

Almost as important as the taxonomic por-

tions are the introductory chapters which discuss

the history of ichthyological research in the cen-

tral Pacific, especially in Hawaii; the ecology of

Hawaiian fishes (with some pertinent notes on

fish populations and productivity ) ;
and the

nature and derivation of the Hawaiian fish fauna.

These chapters offer definitive, if brief, sum-

mations of all the information concerning

Hawaiian fishes that has been gathered by bio-

logists working in the immense area of the Indo-

Pacific. The book concludes with both an index

and an annotated checklist of the native Hawaii

fishes.

The authors come well qualified to their

service as writers of this book. William A. Gos-

line has been a Professor of Zoology at the

University of Hawaii since 1948. Vernon E.

Brock, since February, 1959, Director of the

Hawaii Area Office of the U. S. Department of

Interior’s Bureau of Commercial Fisheries (for-

merly known as POFI), was Director of the

Division of Fish and Game for the Territory of

Hawaii from 1944 to 1958. Their colleagues

and students have helped them to perfect the

many keys which now find a place in the Hand-

book; and, in a collaboration that is as pleasing

to the observer as it must be gratifying to them-

selves, three of their former students have

contributed sections to the taxonomic treatment

of the fishes upon which they have become

authorities: Yoshio Yamaguchi wrote the sec-

tion on the Carangidae; John E. Randall, that

on the Acanthuridae; and Donald W. Strasburg,

that on the blennioid fishes.
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In the first lines of their book, the authors

state, with the wry humor that is characteristic

of them, "It Is probable that the Hawaiians of

Captain Cook’s time knew more about the fishes

of their islands than is known today. Most of

this information has now been lost.” This is a

proper deference to the ancient Hawaiians, of

course, but, one suspects, it is also a restrained

gibe at modern man with his incredible ap-

paratus of fallible machines, multiplying mem-

oranda, and progressive myopia, who can scarcely

see the fishes in the sea around him, let alone

catch ’em or name ’em. Whether or not this is

so, it is dear that upon the occasion of the

publication of their Handbook

,

Gosline and

Brock themselves deserve a bow of tribute for

their many labors, of which this is only the latest,

to acquaint modern man with the creatures of

the sea.—O. A. Bushnell

Pacific Insects

,

a new journal for the publica-

tion of systematic and zoogeographic papers

dealing with insects and terrestrial arthropods

from the Pacific area including Eastern Asia and

the Antipodes, appeared on July 15, 1959- It

is established as an organ of the program on

zoogeography and evolution of Pacific insects of

the Bernice P. Bishop Museum. It is planned as

a quarterly of approximately 400 pages per year.

The first number of 172 pages contained three

papers on Diptera, Formicidae, and Coleoptera.

On good-quality paper with very good work

on the illustrations, the journal, which is well

edited, is a welcome addition to the available

vehicles for publication of papers on insects

of the Pacific region. The board of editors is

broadly representative and of a stature which

should ensure the continued high quality of the

journal.

Authors are requested to correspond with the

editor regarding publication prior to sending

manuscripts. The editor is J. L. Gressitt, Bernice

P. Bishop Museum, Honolulu.—L. D. Tuthill
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A History of the Binomial Classification

of the Polynesian Native Dog

Katharine Luomala 1

This is a survey of attempts from the last

quarter of the eighteenth century to the present

to give a binomial classification to the Poly-

nesian native dog. Taxonomic interest has been

expressed mainly by German and British natural

scientists. Most of them, having neither seen a

living Polynesian dog of unquestioned native

breed nor studied skeletal material from a dog

presumed to be of native breed, have had to de-

pend on a few generalized descriptions by ex-

plorers and settlers. Presented here are the

taxonomists’ classifications and theories, the de-

scriptions that they have cited, and the probable

sources and dependability of any of their un-

acknowledged information about the appearance

of the Polynesian native dog.

This paper results from my interest, mostly

anthropological and mythological, in the Poly-

nesian native dog. Polynesians in New Zealand,

the Tuamotus, and the Hawaiian Islands narrate

variants of a myth that the demigod Maui-of-a-

thousand-tricks transformed a man he hated into

a dog, the first known to them and a symbol

of abhorred traits like gluttony, laziness, and

incest. A story, entirely different from this, that

Samoans and Tongans tell, of how Maui died

when he attempted to kill a cave-dwelling, man-

eating dog, is probably a post-European com-

position since the dog was apparently absent

from western Polynesia at the time of European

discovery (Luomala, 1958). Polynesians had am-

bivalent attitudes toward the dog, for it was

both a symbol of the social outcast and a symbol

of prestige that through its varied uses increased

the status of its owner (Luomala, I960).

The dog was present at the time of European

discovery of Polynesia in only a few archipela-

goes. The Tuamotus, Society Islands, Hawaiian

Islands, and New Zealand had dogs which I be-

lieve they did not get from any known European

1 Department of Anthropology, University of Ha-
waii, Honolulu. Manuscript received April 6, 1959-

explorers and which may actually have been

descendants of dogs introduced into the eastern

Pacific by the Pacific islanders themselves. No
dependable evidence has been found of the dog’s

presence in western Polynesia at the time of first

European contact. Indicative of the intricacies of

the question of the pre-European distribution of

the dog is the fact that the first European ref-

erence to seeing a dog in Polynesia was in 1606

at a Tuamotuan atoll, perhaps Anaa, where the

Quiros expedition met an old lady carrying a

little white or speckled dog and wearing a gold

and emerald ring! Also in certain other islands

like Tonga, for example, no dogs existed but the

natives recognized and called by the name of

kuri, the most common Polynesian word for

dog, the dogs on board Captain James Cook’s

ships (Luomala, I960).

Only studies of skeletal remains of dogs from

archeological sites definitely established as pre-

European by radiocarbon dating or other means

will provide more information than we now
have on the native dog. Only in the Hawaiian

Islands, New Zealand, and the Marquesas is

such work going on at present. The Marquesans

apparently had no live dogs at the time of Euro-

pean discovery in 1595, but recent finds in 1956

of remains of dogs in what appear to be pre-

European sites on the western coast of Nukuhiva
Island point to their former presence in the

Marquesas (Shapiro, 1958: 269).

I have never located any information as to

what finally happened to the Tahitian dog that

George Forster of Cook’s second expedition

mentions was brought back to England. There is

no further word on its fate in England or what

disposition of its hide and skeleton was even-

tually made when it died. It was one of two of

the Society Islands dogs aboard ship that had

recovered from an experiment on them at "Mal-

licollo” (Malekula, New Hebrides) with Male-

kulan arrow poison. Later the dogs, like some
other domestic animals and a pet bird aboard

193
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and some of the crew, suffered agonies from

eating poisonous fish. Of the dogs George For-

ster writes ( 1777, II: 244), "One of these poor

creatures was doomed to be a martyr, being

the same upon which we tried the Mallicollese

arrows; however he luckily got the better of

both these attacks, and was brought to England.”

ILLUSTRATIONS

Artists of the eighteenth and nineteenth

centuries have depicted island dogs. The draw-

ings from the nineteenth century, however,

usually show dogs that are obviously European

or mixed European and native. Even in the

earlier drawings one must consider the possibil-

ity that a pet of foreign origin from the Eu-

ropean ships has got into the scene. Most often

the artists show the dogs in canoes, like family

pets determined to go for a ride.

Two illustrations by Sydney Parkinson, artist

on Cook’s first expedition, show dogs in canoes

in the Society Islands. One ( Hawkesworth,

1773, II: pi. 3) is "A view in the island of

Ulietea with double canoe and a boathouse,”

and shows a dog sitting in a canoe at Ulietea

(Raiatea) which is also transporting a horned

cow from the European ship. Another sketch

(Hawkesworth, 1773, II: pi. 4) is "A view of

the island of Otaheite with several vessels of

that island”; and shows a dog sitting contentedly

by a youth with a long-poled net.

Two unidentified photostats at Bishop Mu-
seum of sketches of canoe scenes in the Society

Islands, obviously of the eighteenth century,

and done by British artists, to judge from the

titles, do not appear in any published collections

of illustrations that accompany the voyages.

Dogs appear in the scenes. One scene, with the

title "Double Canoes. Tipaerua,” probably writ-

ten in by the artist, clearly shows a dog in one

of the canoes. The other scene with the title

"Canoe of Ulietea,” also written in by the artist,

shows a child on the deck of a double canoe

clasping a dog with a very pointed muzzle. The
original drawings, I later learned, are at the

British Museum, from which I then obtained

fine photographs of the two drawings and of

the particular sections showing the dogs. The
Keeper of the Department of Manuscripts states

"that the information given by the catalogue

of additions is as follows: 'A collection of draw-

ings by A. Buchan, S. Parkinson and J. F. Miller,

made in the countries visited by Captain Cook
in his first voyage (1768-71), also of prints

published in John Hawksworth’s Voyages of

Biron, Wallis and Cook, 1773, as well as in

Cook’s second and third voyages ( 1762-5,

1776-80).’” Since to my knowledge the draw-

ings do not appear in any of the published

accounts, I am inclined to believe that they were

made by one of the three artists named above

in the countries visited by Cook on his first

voyage in 1768-1771. In other words, they prob-

ably belong to the same series as the two named
above which Hawkesworth used in writing up
the account of Cook’s first voyage.

Published plates by John Webber, artist on

Cook’s third expedition, also depict dogs. One
scene (Cook, 1784: Atlas, pi. 14) of "The re-

ception of Captain Cook in Hapaee,” Hapai,

Tonga, shows a lean dog at the lower right of

the picture. Another scene (Cook, 1784: Atlas,

pi. 31 ) is "A view of Huaheine,” Society Islands,

and shows a man kneeling on the deck of a

double canoe near the boathouse and perhaps

holding still the dog in front of him so that

the artist can sketch it.

Louis Choris ( 1822), in a drawing owned by

the Honolulu Academy of Arts and previously

unpublished (Bishop Museum Negative

20599), shows a Hawaiian scene with two dogs

in the foreground. The larger dog because of its

size and flopping ears does not fit the customary

description of the native dog; the smaller dog

Fig. 2. Detail of dog shown in double canoe in

Figure 1 at Raiatea, Society Islands.
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is nearer the type. Vaillant (Album, No. 45;

Bishop Museum Negative 20588) in "Vue de

Honolulu. lies Sandwich” done in the mid-

1830’s shows a dog with a Hawaiian couple.

Dogs depicted by artists in later volumes look

increasingly like European breeds.

The Dominion Museum, Wellington, New
Zealand, has kindly sent a photograph of a

specimen (B. 3527) often described, though

questionably, as of the pre-European breed of

dog. Dr. T. Barrow writes to me from the Mu-
seum that ".

. . the history of the specimen is

inadequate, and the ancestry of the dog doubt-

ful. ... It was collected at Waikawa, but there

are several Waikawas in New Zealand, and we
are not sure which place is referred to. The

collector was Anderson. We may take it that it

is not one of the two dogs caught during the

time of Sir George Grey’s office in this country.”

Sir George Grey, former Governor-General

of New Zealand, sent to the British Museum in

the last half of the nineteenth century ( Hector,

1876: 244) the hide and skeleton of one of

two dogs thought to be of the native breed.

Among the long-time residents of New Zealand

who interested themselves in what the native

breed had looked like and whether any traces

remained, W. Colenso (1877), who had thor-

oughly criss-crossed North Island between 1834

and 1854, declared that he had never seen a

true Maori dog and considered these later dogs,

such as the one Sir George sent to the Museum,
to be wild dogs not of the native breed. A large

problem not taken up in my study is the evalua-

tion of an extensive literature, mostly from New
Zealand, describing and discussing nineteenth-

century specimens that are regarded by some

writers as belonging to the pre-European native

breed or breeds. The stuffed specimen at the

Dominion Museum was often figured in Elsdon

Best’s (1924, I: 433) writing as a native breed.

George Forster compared the New Zealand

native dog with the shepherd’s cur depicted by

Buffon ( 175 5, V: pi. 28) ,
and H. G. L. Reichen-

bach (1836: 46, pi. 72) sketches a most imagi-

native reconstruction of the appearance of Cams
tahitiensis.

A Papuan with his dog hunting wild pigs

that swim near the canoe was sketched in the

last quarter of the eighteenth century (Forrest,

1779: 59, pi. 11).

What seems to be the first depiction of the

Australian native dog, the dingo, appeared in

1789 (Phillip, 1789: pi. 45, facing p. 274)

with the publication of a sketch of a female

from New South Wales, which Governor Phillip

had sent to England as a present that eventually

came into the possession of the Marchioness of

Salisbury at Hattfield House. Another specimen

in England was owned by Mr. Lascelles. The
London zoo also had some. A description is

given in a later section of my paper because of

the frequent references to post-European mix-

tures of the dingo and the native dog of New
Zealand.

Among Hawaiian petroglyphs are representa-

tions of dogs. Figure 22 shows a section of pe-

troglyphs in Nuuanu Valley, Honolulu.

FOUR PRIMARY EIGHTEENTH-CENTURY
SOURCES

Scientists interested in classifying Polynesian

native dogs cite most often three or four of the

several statements about dogs made by J. R.

Forster and his son George, natural scientists

who accompanied Cook on his second voyage to

the Pacific from 1772 to 1775. The Forsters’

accounts, together with those of the New Zea-

land dog by Crozet in 1772 and of the Hawaiian

dog in 1779 by Lieutenant James King (later

Captain King), are the first extensive, but not

the first, references to the dog in the literature

Fig. 4. Detail of dog in Figure 3. The long muzzle

is clearly evident. The ears seem to be flopped for-

ward.
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about Polynesia. Both Crozet’s and King’s ac-

counts are largely overlooked by taxonomists.

None of the four primary describers attempts

any classification.

Superficial and incomplete as the four descrip-

tions are, they are the best available because

they definitely are about the native dog. Later

descriptions must always be suspect because

during the last quarter of the eighteenth century

the native dog increasingly lost its identity

through cross-breeding with dogs which Eu-

ropean ships had picked up in ports around the

world and taken to the islands. The Forsters

and others had pet dogs, some of European or

other foreign breeds, others of native breeds,

and still others of mixed native and foreign

origin. Captain Cook bought many native dogs

either to be eaten on his ships or to be given

as gifts to Polynesian and Melanesian chiefs

who had no dogs ( Luomala, I960).

The generalized description of the native dog

by J. R. Forster (1778: 189) which is most

often cited or paraphrased by classifiers follows:

The dogs of the South Sea isles are of a singular

race: they most resemble the common cur, but

have a prodigious large head, remarkably little

eyes, prick-ears, long hair and a short bushy tail.

They are chiefly fed with fruit at the Society

Isles; but in the low isles and New Zealand,

where they are the only domestic animals, they

live upon fish. They are exceedingly stupid, and

seldom or never bark, only howl now and then;

have the sense of smelling in a very low degree,

and are lazy beyond measure: they are kept by

the natives chiefly for the sake of their flesh,

of which they are very fond, preferring it to

pork; they also make use of their hair, in various

ornaments, especially to fringe their breast

plates in the Society Isles, and to face or even

line the whole garment at New Zealand. . . .

Taxonomists also often cite two of George

Forster’s descriptions, one of the New Zealand

dog and the other about that in the Society Is-

lands. These zoologists, most of them German,

quote from the German translation of Forster’s

journal, which first appeared in English. The
reference in the German edition ( 1778, 1: 165

)

differs from the English edition (1777, I: 377)

only in omitting a reference to the texture of

the dog’s hair being rough.

According to George Forster, in June, 1773,

some of the New Zealand Maoris visiting Cook’s

ship had dogs in their canoes:

A good many dogs were observed in their

canoes, which they seemed very fond of, and
kept tied with a string, round their middle; they

were of a rough long-haired sort, with pricked

ears, and much resembled the common shep-

herd’s cur, or count Buffon’s chien de berger

(see his Hist. Nat.). They were of different

colours, some spotted, some quite black, and
others perfectly white. The food which these

dogs receive is fish, or the same as their masters

live on, who afterwards eat their flesh, and
employ the fur in various ornaments and dresses.

They sold us several of these animals, among
which the old ones coming into our possession

became extremely sulky, and refused to take

any sustenance, but some young ones soon ac-

customed themselves to our provisions.

The various editions of Buffon’s work use

different illustrations of the sphepherd’s cur but

the sketch (see Fig. 17) in the first edition

( 1755, V: pi. 28, following p. 300) is probably

the one known to Forster. It is usually difficult

to know what variety of dog a writer has in

mind when he likens the Polynesian dog to a

shepherd’s cur, barbet, pomeranian, turnspit,

poodle, dachshund, terrier, fox-dog, or Asiatic

pariah dog. These popular terms tend to be

differently used at different periods and in dif-

ferent countries and localities. Moreover,

changes largely resulting from artificial selection

and breeding occur as time passes after a writer

has made his comparison. Also, popular terms

follow no classificatory system. Terms like shep-

herd’s cur and turnspit refer to the dog’s func-

tion in a culture. A writer comparing the Poly-

nesian dog to a barbet or a pomeranian is

thinking mostly, it seems, only of the long hair

characteristic of these two breeds. Seeking to

discover what each breed looked like at the

time the comparison was made leads into a

fascinating maze because the name of each breed

has an associated literature so controversial that

one concludes that the correct term for a writer

about dogs is not scientist but dogmatist. George

Forster, then, is exceptional in referring to a

particular illustration of the European breed

with which he compares the New Zealand dog.

George Forster’s description of the dogs of
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the Society Islands is identical in both his Ger-

man (1778, I: 285-286) and English (1777,

I: 377-378) editions, but the former is more

often cited by the German classifiers. Of an

exploratory walk that he and Dr. Anders Sparr-

man took on Huahine, Society Islands, in Sep-

tember, 1773, he states:

On this walk we saw great numbers of hogs,

dogs, and fowls. The last roamed about at pleas-

ure through the woods, and roosted on fruit-

trees; the hogs were likewise allowed to run

about, but received regular portions of food,

which were commonly distributed by old

women. We observed one of them in particular,

feeding a little pig with the sour fermented

bread-fruit paste, called mahei; she held the pig

with one hand, and offered it a tough porks

skin, but as soon as it opened the mouth to snap

at it, she contrived to throw a handful of the

sour paste in, which the little animal would not

take without this strategem. The dogs in spite

of their stupidity were in high favour with all

the women, who could not have nursed them
with a more ridiculous affection, if they had

really been ladies of fashion in Europe. We were
witnesses of a remarkable instance of kindness,

when we saw a middle aged woman, whose
breasts were full of milk, offering them to a

little puppy which had been trained up to suck

them. We were so much surprised at this sight,

that we could not help expressing our dislike

of it; but she smiled at our observation, and

added, that she suffered little pigs to do the

same service. Upon enquiry, however, we found

that she had lost her child, and did her the justice

amongst ourselves to acknowledge that this

expedient was very innocent and formerly prac-

ticed in Europe. The dogs of all these islands

were short, and their sizes vary from that of a

lap-dog to the largest spaniel. Their head is

broad, the snout pointed, the eyes very small,

the ears upright, and their hair rather long, lank,

hard, and of different colours, but most com-
monly white and brown. They seldom if ever

barked, but howled sometimes, and were shy of

strangers to a degree of aversion.

Early classifiers, being interested in descrip-

tion rather than in causes of variation in the

Polynesian dog, ignore the Forsters’ opinions on

why Polynesian dogs acted differently from Eu-

ropean dogs and what effects such external

factors as food, care, education, and climate had

on them. These opinions are first shots, broad

and random, at an important problem. Almost

7 5 years were to pass before the classifiers began

to take a dynamic view about the peculiarities

of the Polynesian dog.

J. R. Forster (1778: 200-201, 372) writes

that the individuals in the animal kingdom in

the South Seas show less variety than those in

the plant kingdom:

Domestication, the great cause of degeneracy

in so many of our animals, in the first place, is

here confined to three species; the hog, dog,

and cock; and secondly, it is in fact next to a

state of nature in these isles. . . . The dog being

here merely kept to be eaten, is not obliged to

undergo the slavery, to which the varieties of

that species are forced to submit in our polished

countries; he lies at his ease all the day long,

is fed at certain times, and nothing more is

required of him; he is therefore not altered from
his state of nature in the least; is probably in-

ferior in all the sensitive faculties to any wild

dog ( which may perhaps be owing to his food )

,

and certainly, in no degree, partakes of the

sagacity and quick perception of our refined

variety.

He also notes that the hogs and dogs "are

very prolific, thrive in the fine climate amazingly

well, and soon come to maturity. . .

George Forster (1777, I: 235, 243), after

remarking that "it is owing to the time we spend

on the education of dogs that they acquire those

eminent qualities which attach them so much
to us . . suggests that the fish or vegetable

diet has altered canine disposition to make Poly-

nesian dogs stupid. Such education as they get,

he says, has "perhaps likewise grafted new in-

stincts” that have led New Zealand dogs to eat

the dead of their own species and the remains

of their masters’ cannibal feasts.

Until 1922 when George M. Thomson in-

corporated it into his monograph on New Zea-

land plants and animals, the following descrip-

tion by Crozet was generally overlooked by clas-

sifiers outside of New Zealand. Of the dogs that

he saw in 1772 in New Zealand, Crozet (Roth,

1891: 76) writes:

They have absolutely no other domestic animal

than the dog. The dogs are a sort of domesticated

fox, quite black or white, very low on the legs,

straight ears, thick tail, long body, full jaws but

more pointed than that of the fox, and uttering
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the same cry; they do not bark like our dogs.

These animals are only fed on fish, and it ap-

pears that the savages only raise them for food.

Some were taken on board our vessels; but it

was impossible to domesticate them like our

dogs, they were always treacherous, and bit us

frequently. They would have been dangerous

to keep where poultry was raised or had to be

protected; they would destroy them just like

true foxes.

The fourth primary describer of Polynesian

dogs during the eighteenth century is Lieuten-

ant King. After Cook’s death King’s journal was

used to complete the official journal of the third

expedition. Although King saw living native

dogs in abundance before any known European

contact had occurred with the Hawaiian Islands,

which Cook’s third expedition discovered, his

account was little known to taxonomists. With-

out citing his source, F. L. Walther in 1817

seems to be the first to use it. In King’s descrip-

tion written in March, 1779, the interest shown

in the causes of the peculiar behavior of the

dogs perhaps reflects that of the Forsters. For

the first time an observer mentions the achon-

droplasic condition of the legs. Crozet appears

to be the first to mention the long body. King

writes (Cook, 1784, III: 118):

The dogs are of the same species with those of

Otaheite, having short crooked legs, long backs,

and pricked ears. I did not observe any variety

in them, except in their skins; some having long

and rough hair, and others being quite smooth.

They are about the size of a common turnspit;

exceedingly sluggish in their nature, though

perhaps this may be more owing to the manner
in which they are treated than to any natural

disposition in them. They are, in general, fed

and left to herd with the hogs; and I do not

recollect one instance in which a dog was made
a companion, in the manner we do in Europe.

Indeed, the custom of eating them is an in-

superable bar to their admission into society;

and, as there are neither beasts of prey in the

island, nor objects of chase, it is probable that

the social qualities of the dog, its fidelity, at-

tachment, and sagacity, will remain unknown to

the natives. The number of dogs in these islands

did not appear to be nearly equal in proportion

to those in Otaheite. . . .

There are as many different descriptions of

turnspits as there are describers, because "turn-

spit” was the name for any dog in Europe or

the British Isles that was taught to run around

inside a treadmill wheel to work a roasting spit.

Whether or not it was a distinctive breed, and

if so, of what kind and of what ancestry, makes

for an interesting argument. Some who consider

it a distinctive breed identify it as a descendant

of the short-legged pariah dog; others perhaps

think only of a line of descendants of some
capable and admired local turner of a roasting

spit, whose pups were sought as likely to be

equally teachable, capable, and physically suit-

able. In general, a medium-sized, sturdy, teach-

able dog was used. Sometimes the turnspit is

described as having a long back, short legs,

straight or crooked, and fur that was shaggy and

sometimes spotted. An early English reference

to mongrels that were trained to turn the spit

or to dance to drums and a lyre is dated 1570

(Davis, 1949: 34). The last was used in Wales

and Germany about 1870, according to Vesey-

Fitzgerald (1948: 728-729), who shows a

sketch of a turnspit; when suitable dogs be-

came scarce, a dog, which alternated with a com-

panion, was paid about 6 d. a day at the most.

PENNANT AND SOME EARLY
GERMAN TAXONOMERS

The famous "Third Edition” of Thomas Pen-

nant’s History of Quadrupeds is the often un-

acknowledged source used by later zoologists

Fig. 6. Detail of dog in Figure 5. This is the best

picture I have found of what seems to be a native

Polynesian dog: long muzzle, oblique eyes, prick ears,

large head, stocky body, short legs, scraggly tail, patchy

color, coarse hair, with only the alert look alien to

descriptions.
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for information, secondary in origin though it

is, about Oceanic dogs. J. M. Bechstein, who
translated this edition into German in 1799,

adds a little interpretation which scholars using

his translation quote. Neither Pennant nor Bech-

stein gives a binomial classification of the Poly-

nesian dog.

Pennant is probably the first to make fairly

explicit two problems which still recur and are

still unsolved. The first centers about whether

or not there was more than one variety, or

breed, of Polynesian dog, and if so what the

distinctive characters of each were. Pennant dis-

tinguishes two varieties on the basis of the

length and quality of the hair. The second prob-

lem concerns the relationship, if any, of the

native dogs in the entire Pacific area to each

other and to the Eurasiatic dogs, and the de-

termination of the center of their geographical

distribution to the islands. Pennant, discussing

Polynesian, Australian, and New Guinea dogs,

regards them (if I interpret his often ambiguous

statements correctly) as derived from New
Guinea, and separable into three, perhaps four,

varieties. They are the New Holland (Aus-

tralian) dingo, the Polynesian dog resembling

the shepherd’s cur, the Polynesian dog resem-

bling the barbet, and the New Guinea dog

which he regards as ancestral to at least the

Polynesian "currish fox-like dog” and perhaps

to others. Pennant’s statements are so ambiguous,

however, that each reader interprets them dif-

ferently.

Pennant (1793,1: 243-244; Bechstein, 1799,

I: 258-160) writes as follows:

Dogs (brought originally from New Guinea),

are found in the Society Islands
,
New Zeland,

and the Low Islands: there are also a few in

New Holland. Of these are two varieties.

1. Resembling the sharp-nosed pricked-ear

shepherd’s cur. Those of New Zeland are of

the largest sort. In the Society Islands, they are

the common food, and are fattened with veg-

etables, which the natives cram down their

throats, as we serve turkies, when they will

voluntarily eat no more. They are killed by
strangling, and the extravasated blood is pre-

served in Coconut shells, and baked for the table.

They grow very fat, and are allowed, even by
Europeans who have got over their prejudices,

to be very sweet and palatable.

But the taste for the flesh of these animals

was not confined to the islanders of the Pacific

Ocean. . . .

2. The Barbet, whose hair being long and
silky, is greatly admired by the New Zelanders

for trimming their ornamental dress. This vari-

ety is not eaten. The islanders never use their

dogs for any purposes but what we mention;

and take such care of them as not to suffer them
even to wet their feet. They are excessively

stupid, have a very bad nose for smelling, and
seldom or never bark, only now and then howl.

The New Zelanders feed their dogs entirely

with fish.

The Marquesas, Friendly Islands, New Heb-
rides, New Caledonia, and Easter Isle, have not

yet received those animals.

For New Guinea, Pennant cites as his source

Captain Thomas Forrest ( 1779: 97, "table” 11).

What Pennant calls a table is given as a plate

by Forrest. Forrest, a visitor on the New Guinea

coast in the early part of 1775, twice (1779:

97 and 103) remarks on the native dogs around

"Dorry” ( Daru ) . He observed natives setting

out in boats with two or three "fox-looking

dogs ... a dog they call Naf.” The dogs were

used to hunt wild pigs that in swimming from

islet to islet sometimes held on to the tail of

the preceding pig. Forrest writes on seeing men
on another occasion setting out in their boats to

go pig-hunting, "In each boat was generally a

small fox looking dog,” and then in his plate 11

(Figs. 19, 20) he depicts such a scene. Forrest

gives no further data about the appearance of

the dog.

Fig. 8. Detail of Figure 7 showing boy clutching an

animal that looks like a dog. Or is it a pig?
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Pennant considers ( 1793, 1: 143) that "New
Guinea must have originally supplied with dogs

those south sea islands which . . .
( have them

)

New Guinea, he continues, was probably the

"Mother of Lands,” the homeland, as native

priests also claim, of men, dogs, hogs, poultry,

and rats; here, Pennant states, is found the "same

species of hog, and the currish fox-like dog” as

in Polynesia. If Forrest is his direct source,

rather than inspiration, for this conclusion I do

not find the reference anywhere in Forrest’s ac-

count of his voyage. Pennant’s puzzling intro-

ductory statement given earlier seems to mean
that both Polynesian and Australian dogs came

from New Guinea.

Pennant gives a description of the "New
Holland dog” (1793,1: 247).

Pennant’s undesignated authorities for his

other statements about the Polynesian dog are

undoubtedly members of Cook’s expeditions,

especially the Forsters, and occasionally Cook

himself. Cook, on his first visit to the Society

Islands, describes ( Hawkesworth, 1773, II: 152-

153) how delicious a young fat dog is and how
to cook a dog in native fashion after it has been

strangled and its blood caught in a coconut shell.

Others on that expedition, Sydney Parkinson

for example, also write, not always favorably,

about their first experience in eating dog meat.

Contrary to Pennant, George Forster states that

the Maoris ate dogs, and that Society islanders

forcibly fed baby pigs, not dogs. That they

similarly fed puppies is likely but Forster does

not say so. Also contrary to Pennant, dogs were

not common food in the Society Islands (J. R.

Forster, 1778: 372).

I have not located Pennant’s source about the

long-haired New Zealand dog being protected

against getting its feet wet. The statement may
be a misinterpretation or extension of the mean-

ing of Forster’s reference to the Maoris having

their dogs with them in their canoes. Pennant’s

description of the Maori dog’s hair as silky, a

detail that Walther quotes from Pennant, is un-

supported by the Forsters; the younger Forster

says the opposite. However, the latter in a state-

ment (1777, II: 40), that classifies apparently

overlook, mentions that the dogs at Tiookea

(Takaroa), Tuamotus, had "fine long hair of a

white colour.” That the Polynesian dog was

"fox-like” may echo Cook’s journal (1784, I:

153) in which the New Zealand dog is called

"a sort of fox-dog.” Crozet makes the same point

but his description was overlooked. Pennant’s

list of islands that at the time of European dis-

covery lacked dogs comes from J. R. Forster

(1778: 188); Captain Cook introduced dogs

into some of these islands.

Bechstein’s German translation of Pennant’s

work inserts the adjective "Australische” to

describe the barbet. The adjective, absent from

Pennant’s English edition, is puzzling because

it is not clear whether Bechstein uses the term

to mean "Australian” or "southern.” Early

writers usually call Australia New Holland so

that an adjective referring to the country would

not be "Australische.” It is not derived from the

classification of the Polynesian dog as Cams
australis because, so far as I can determine, that

does not appear until later.

Adding to the confusion, F. L. Walther

(1817: 23 )

,

who depends largely on Bechstein’s

translation and a little directly on George For-

ster, applies the name "Australische Hund” to

his Canis familiaris villaticus, meridionalis. This

is not the dog Pennant likens to the barbet but

the variety he compares with the shepherd’s cur.

Perhaps Walther purposely reverses Pennant’s

two varieties to get back closer to Forster, the

original source. Referring to Bechstein ( 1799,

I: 258) and George Forster (1778, I: 286) as

his sources, Walther states that his subvariety

meridionalis is found in the Society and the

Sandwich islands, also in New Zealand, and a

Fig. 10. Detail of the scrawny dog in Figure 9-
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few in New Holland. These dogs, he adds, had

short legs, long backs, pricked ears, an occasional

howl but no bark. They were shy towards

strangers and stupid. They were eaten. Walther

drops the Low Islands (the Tuamotus are prob-

ably meant) from the list and substitutes the

Sandwich (Hawaiian) Islands. The references

to the Sandwich Islands and to the dogs being

long-backed and short-legged (he does not in-

clude the fact that the legs were often crooked)

indicate that Walther, although he does not give

his source, was probably familiar with King’s

description. He probably includes New Holland

with the islands having his meridionalis because

he interprets Pennant’s ambiguous introductory

statement to refer only to the first of the

varieties described.

Walther has another Polynesian subvariety

which he calls Cams familiaris villaticus, novae

Zeelandiae, the New Zealand dog. He describes

it from sources that he gives as Bechstein (1799,

I: 258) and George Forster (1778, I: 165).

This dog, he says, resembled a shepherd’s dog,

and had long silky hair, pricked ears, and dif-

ferent colors. It was found in New Zealand

where it was fed almost exclusively on fish and

kept only for its hide, from which festive attire

was made. It was not eaten. It was very stupid,

had a poor sense of smell, and rarely barked but

only howled now and then.

Two more South Pacific dogs classified by

Walther (1817: 21-24) are the Australian

dingo, Cams familiaris villaticus, novae Hol-

landiae

,

and the "fox-like dog of New Guinea,”

Canis familiaris villaticus, novae Guineae. He
gives as sources Bechstein (1799, I: 260) and

Forrest’s ("Forster”) German edition (1782:

121, 126). An error in his book which regularly

gives Forster when Forrest is meant is con-

tinued by later writers.

Walther obviously then makes explicit and

gives binomial classifications to four Pacific vari-

eties that he distinguishes and that are not so

explicit in Pennant’s account. Moreover, he

(1817: 21-24) puts all four in the same larger

classification villaticus as four Old World breeds,

to make a total of eight "national breeds” in

C. familiaris domesticus. The Old World breeds

in villaticus are the common, black, long-haired

German house dog with curled-over tail, ger-

manicus (one of Walther ’s lists inserts the Lap-

land dog next ) ;
the Kalmuk dog, calmuccorum;

the Pyrrenes dog, pyrenaicus; and that of Pom-
erania, pomeranus. Walther leaves no doubt that

he regards the Pacific dogs as belonging to the

same genus, species, and variety (Canis familiaris

villaticus

)

as the Old World breeds of domes-

ticated house dogs. So far as I can determine,

he is the first even to attempt to classify the

Polynesian dog by genus and species.

H. G. L. Reichenbach (1836: 46, pi. 72)

does not describe the dog he classifies as Canis

otahitensis, but his sketch (Fig. 18) shows some

dogs whose most remarkable feature is a long,

flowing tail like that of a horse. The source of

the artist’s inspiration is not stated. Perhaps

Reichenbach describes the dog and cites his

authority on page 141 in his "Naturg. Raubth.”

(perhaps, in full, Naturgeschichte Raubsdu-

gethiere

)

which I have not seen but which Leo-

pold J. Fitzinger ( 1867 : 400-401
)
quotes with-

out giving the complete title. Fitzinger states

that Reichenbach gives two other classifications

of the Polynesian native dog. They are Canis

familiaris orthodotus and Canis familiaris ortho-

tus otahitensis

.

The spelling of the sub-species

varies. Reichenbach (1836: 22) classifies the

dingo both as Canis Dingo or, according to Fitz-

inger (1867: 817), Canis familiaris orthotus

Dingo ("Naturg. Raubth.”: 147, 354), and as

Chrysaeus Australiae ("Naturg. Raubth.”: 366).

Consideration of Fitzinger’s own classifica-

tions will be deferred until later.

FIG. 12. Detail of Figure 11 to show a long-legged,

flop-eared, spotted dog with a long muzzle and short,

half-curved tail.



208 PACIFIC SCIENCE, Vol. XIV, July I960

C. G. A. Giebel (1859: 844), who classifies

the dogs of New Zealand, Society Islands, and

Sandwich Islands as Canis familiaris otahitensis,

does not describe or figure them or give his

sources. His geographical distribution echoes

that of Walther in dropping the Low Islands

from Forster’s original list and substituting the

Sandwich Islands. Giebel’s classification resem-

bles that of Reichenbach. I have not seen Gie-

bel’s later books. He classifies (1859: 842) the

dingo both as Canis familiaris and as Lupus

familiaris.

THE MID-NINETEENTH CENTURY
MAORI DOG AND THE DINGO

Giebel and Reichenbach each gives one clas-

sification of the dingo (also called warrigal)

that excludes it from the genus Canis. This is a

reminder that Blumenbach’s classification in

1780 of the native dog of Australia (absent

from Tasmania) as Canis familiaris dingo was

sometimes questioned. Some classifiers did not

consider the dingo a true dog. Others, who did,

agreed on practically only one point, according

to Frederic Wood-Jones (1925: 352), which is

"That the Dingo is some sort of a dog.” Many
of the opinions, he observes (p. 350), "rest on

nothing more than a mere haphazard statement

founded on no proper examination of the char-

acters of the animal.” The same can be said

about the Polynesian Canis.

It is already evident that one cannot talk

about the Polynesian dog without mentioning

Fig. 13. A Hawaiian scene (Honolulu Academy of

Arts, Bishop Museum Negative 20599) by Choris,

1820, previously unpublished. The large dog at the

left looks foreign. The smaller dog by the pig some-

what recalls the odd creature in Figures 7 and 8.

the dingo and other native dogs of the Pacific.

The following summary of some material on
the New Zealand dog also shows why even

this cursory survey of the Polynesian dog cannot

completely ignore the dingo. However, the name
of the dingo is linked only with that of the

New Zealand dog, principally because more has

been written about the Maori dog than about

other dogs of Polynesia.

By the early part of the nineteenth century

the New Zealand dogs were mongrelized. The
description in 1820 by Captain Bellingshausen

(1945: 215) is the last, and in fact the only

one in the nineteenth century, which inspires

even a little confidence that it is about a native

dog. He mentions "rather a small breed of dog
. . . not large,” with "thick tail, erect ears, a broad

muzzle, and short legs.” Soon packs of wild dogs

became such a nuisance and danger that Euro-

pean settlers imported dogs from Australia to

use in hunting these wild packs. Some of the

imported dogs may have been dingos, or had a

dingo strain, to add to the existing mixture. In

Australia the dingo itself was such a nuisance

to settlers that it had a price on its head. Al-

though it too had crossed with introduced dogs,

Wood-Jones (1925: 355-356) considers that

pure dingos still existed in the twentieth century

even in those cattle districts settled the longest.

Consideration of Wood-Jones’ comparison of

dingo crania with those of certain other carni-

vores will be deferred until later. A general

description (Le Souef and Burrell, 1926: 89-

93, pi. 9, a photograph) will provide a basis for

the discussion to follow. The dingo, which howls

but does not bark, has an elongated head with

a pointed nose and well-developed canine teeth.

It has straight toes with blunt claws, five on the

forelimbs and four on the hind limbs. Its rather

long, coarse hair is tawny except for greyish

underfur. The top of the head and the dorsal

sections are generally darker, the under parts

lighter; the tip of the brush-tail, the feet, and

the chest are generally white. The cheeks and

the outside of the legs are whitish-tawny. Re-

gional color variations include white dogs with

some tawny shadings, and black dogs with tan

points and face. The head and body measure

715 mm.; the tail, 350 mm.; the height at the

shoulder, 530 mm., and at the ear 90 mm. Wood-
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Fig. 14. "Vue de Honolulu. lies Sandwich” (Vaillant, Album, No. 45, Bishop Museum Negative 20588).

The mid-1 830’s in Honolulu. A dog follows a Hawaiian couple.

Jones (1926: 349-350, 355) describes the ears

as large, pointed at the tips, carried erect, and

fringed with hairs; tails of wild dogs droop,

those of pet dogs are usually carried erect; coats

vary in color, with both black and red mentioned

by early observers. Wood-Jones gives 1500 mm.
as the length of the head and the body, but the

tail is about the same length as that mentioned

above; height is not given.

A description of the dingo, which is often

quoted at second- and third-hand in early zoo-

logical studies, appears in connection with the

sketch of the dingo female referred to earlier

( Fig. 2 1 ). The description (Phillip, 1789: 274-

275) identifies the animal as "Canis. Dog. Dog
of New South Wales,” and continues:

The height of this species, standing erect, is

rather less than two feet: the length two feet

and a half. The head is formed much like that of

a fox

,

the ears short and erect, with whiskers

from one to two inches in length on the muzzle.

The general colour of the upper parts is pale

brown, growing lighter towards the belly: the

hind part of the fore legs, and the fore part of

the hinder ones white, as are the feet of both:

the tail is of a moderate length, somewhat bushy,

but in a less degree than that of the fox: the

teeth are much the same as is usual in the genus,

as may be seen in the top of the plate where
the animal is represented.

This species inhabits New South Wales. The
specimen from which the annexed plate was

Fig. 15. Detail of Figure 14 to show a spotted dog
with prick ears and a long tail.
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taken, ( a female ) is now alive in the possession

of the Marchioness of Salisbury, at Hattfield-

House, and was sent over as a present to Mr.

Nepean, from Governor Phillip. It has much of

the same manners of the dog, but is of a very

savage nature, and not likely to change in this

particular. It laps like other dogs, but neither

barks nor growls if vexed and teized; instead of

which, it erects the hairs of the whole body

like bristles, and seems furious: it is very eager

after its prey, and is fond of rabbits or chickens,

raw, but will not touch dressed meat. From its

fierceness and agility it has greatly the advantage

of other animals much superior in size . . . [ex-

amples of its nearly killing a French fox-dog and

an ass]. . . .

A second of these is in the possession of Mr.

Lascelles, of which we have received much the

same account in respect to its ferocity; whence
it is scarcely to be expected that this elegant

animal will ever become familiar.

The dingo is a hunter which runs down its

prey before killing it. Its hunting ability con-

trasts with that of the Polynesian native dogs,

of which only the Maori dogs may in pre-Euro-

pean times have hunted wild ground birds.

Some Maori dogs were trained to hunt. This

hunting ability of some Maori dogs is men-

tioned in native traditions and post-European

descriptions but there are no references to the

custom by the earliest explorers to give complete

confidence in these other sources of information

( Luomala, I960).

Although J. S. Polack, who travelled in New
Zealand between 1831 and 1837, frequently

mentions the dogs he encountered and classifies

them, he nowhere specifically describes one or

more of them. He writes (1838, I: 308)

:

Of quadrupeds, indigenous to the country, there

are none. The kararahe, or dog (Canis Aus-

tralis), which, when young, is known as kuri,

has been an inhabitant some two or three cen-

turies. A tradition yet exists of his having been
given to the natives, in times remote, by a num-
ber of divinities, who had made a descent on
these shores.

This sagacious animal has dwindled down to

the lowest grade of his interesting family, which
may be easily accounted for from the stinted

allowance that has come to his share for many
generations.

He also writes {op. cit., p. 310), "The former

name of a dog in the country was pero, which
in some measure substantiates the supposition

of Juan Fernandez having visited the country,

pero signifying a dog in the Spanish language.”

Polack discursively alternates between eulo-

gies of the devotion of New Zealand dogs to

their owners and denunciations of them as mon-
grels and "curs of the lowest degree in the scale

of animal creation” and "the greatest pest in

the country” (1836, I: 66, 74, 135, 141, 155,

156, 230, 308-314, 389, 400; II: 254). The be-

havior of the barking, pugnacious, and sheep-

killing dogs that Polack saw suggests that few

if any were of the pre-European native varieties

or unmixed with European breeds.

Ernest Dieffenbach (1843, II: 184), also fa-

miliar with New Zealand of the early nineteenth

century, quotes Polack and adds further observa-

tions:

The dog of the natives is not the Australian

dingo, but a much smaller variety, resembling

the jackal, and of a dirty yellowish colour. It is

now rarely met with, as almost the whole race

of the island has become a mongrel breed. A
native dog of New Zealand is not a sufficiently

powerful animal to do harm to domestic sheep,

but it is different with the introduced and mon-
grel dogs, mostly bull-terriers or bloodhounds,

which are savage pig-dogs although with men
they are great cowards. In want of better sport

they hunt young birds, and to this cause the

scarcity of many indigenous birds must be

ascribed. The natives also call the dog some-

times 'Pero’ (Spanish): they have a tradition

that their ancestors brought the dog with them
when they first peopled New Zealand. Is it not

probable, from the Spanish name, that the dog
was brought to them by navigators of that na-

tion before the time of Tasman?

Tasman, it will be recalled, reported the dis-

covery of New Zealand in 1642 though he did

not land.

Dieffenbach (II: 45-47; I: 417) repeats this

information with slight variations and additions.

The color of the dog is "reddish brown,” the

ears are "long and straight.” The animal "rather

resembles” the jackal whereas the dingo is like

the wolf in size and shape.

John Edward Gray (who styled himself

"F.R.S., British Museum”) contributes a section

on fauna to Dieffenbach’s book. The part on the
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dog begins with Dieffenbach’s long paragraph cites F. Cuvier’s description of a specimen taken

quoted above. Yet despite Dieffenbach’s flat to France by F. Peron. Desrnarest is also quoted

denials that the dingo and the native New Zea- on the dingo by William Youatt (1846: 41-

land dog are the same, Gray ( Dieffenbach, 1843, 43), who also writes of the Polynesian dog but

II: 184) identifies the New Zealand dog as "The without linking it to the dingo. Youatt refers to

New Holland Dog.—Canis familiaris Australis, the Polynesian dog as "Canis Australis-kararehe,

Desm.; Canis Dingo, Blumenb.” Without giv- New Zealand dog," terms which, with other

ing his source he adds that the dog is said to general statements, point to Polack as his un-

have been introduced from Australia. His dis- acknowledged source.

satisfaction with his identification is hinted in The question of the relationship of the dingo

his comment that "It would be interesting to and the New Zealand dog is also raised by the

institute an accurate comparison between these contemporaries of Gray and Dieffenbach in New
animals [Maori] and an Australian specimen." Zealand. By the nineteenth century the popular

Gray also quotes Polack about the dog having identification of any dog, wild or domesticated,

been in New Zealand for two or three centuries. in Polynesia with any native dog, either of

Contrary to the impression given by Gray, Polynesia or of any other Pacific area like Aus-

A.-G. Desrnarest (Gray abbreviates his name as tralia, was guesswork. Nonetheless, arguments

Desm.) does not describe the Polynesian dog or were common (and are easily started even now)

equate the dingo with it. He writes (1816, VI: as to whether any native dogs unmixed with

454-435) about the "New Holland dog” and European dogs survived, what native dogs

Fig. 16. Stuffed dog (B. 3527, Dominion Museum, Wellington, New Zealand) sometimes regarded as

representative of the Maori native dog. Photo by Dominion Museum.
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looked like, and what traits survived either in

wild dogs or in domesticated dogs in native

villages. Descriptions derived from natives were

quoted, telling what they thought their ances-

tors’ dogs looked like. To R. Taylor (1870:

604) the New Zealand dog or "canis familiaris

kuri . . . was small and long-haired, of a dirty

white or yellow colour, with a bushy tail.” This

dog, Taylor had learned from natives, had been

brought when their ancestors first came to the

islands. Taylor considers it "not improbable,

however, that they found another kind already

in the country, brought by the older Melanesian

race, of a larger size, with long, white hair and

black tail . . . said to have been very quiet and

docile, and was known by the name pataka taw-

hiti, both these are now quite lost in the host

of introduced ones.” No support occurs for the

theory of Melanesians having preceded Poly-

nesians in occupying New Zealand. A. Reischek

(1924: 100-101) writes about "Canis Maori”

on receiving a dogskin mat said to have been

made from hides of native dogs. The term

"native” becomes increasingly vaguer in mean-

ing as time passes; applied to dogs it might

mean those of any breed that a Polynesian native

owned.

George M. Thomson (1922: 64-70), who
classifies the New Zealand dog as Canis fami-

liaris, has assembled information about its ap-

pearance from the time of Crozet and Forster to

the twentieth century. The material comes from

early visitors, later travel writers and ethnog-

graphers, contributors to New Zealand news-

papers and scientific journals, and personal cor-

respondents. Included are statements indicating

that arguments occurred which linked the names

of the Australian dingo and the New Zealand

native dog. For example, a certain settler writes

(Thomson, 1922: 68) that in 1858 among the

wild dogs that he killed were some yellow ones

that "looked like a distinct breed. They were

low set, with short pricked ears, broad fore-

head, sharp snout, and bushy tail. Indeed those

acquainted with the dingo professed to see little

difference between that animal and the New
Zealand yellow wild dog.” Like many other

pioneers, this settler, in hunting wild dogs that

harried people and livestock, had the help of

his "kangaroo dog,” imported from Australia

hr, OHSEM HE BEROE It -

Fig. 17. "Le chien de berger” (Buffon, 1755? V :

pi. 28). The shepherd’s cur that is compared with the

Maori and the Australian native dogs.

for hunting wild dogs. Not stated in the accounts

is the breed of the kangaroo dog, whether dingo

or mongrel.

None of the explorers of the seventeenth and

eighteenth centuries mentions transporting na-

tive dogs for exchange between Australia and

Polynesia, so that, as far as is known, cross-

breeding in European times of dingos and Poly-

nesian native dogs did not take place till after

the eighteenth century. However, Polynesian

dogs, it will be recalled, were introduced into

dogless New Caledonia and New Hebrides by

Captain Cook on his second expedition; and, in

the first quarter of the nineteenth century, R. P.

Lesson and P. Garnot ( Duperrey, 1826, 1: 123),

natural scientists on the Duperrey expedition,

abandoned at Port Jackson, Australia, the native

dogs they had bought in New Ireland. Later I

shall return to their comparison of these and

other Melanesian and New Guinea dogs with

the dingo. For the present, it is enough to note

that although Europeans transported local dogs
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around the Pacific in the early days of European

travel, no one happens to mention any ex-

change of dogs between Australia and Polynesia

that might have led to a mixture of local breeds.

Those who regard the dingo and the Poly-

nesian dog as close kin ignore, however, the

theory that the dingo may not be a true dog.

Therefore, they do not raise the inevitable ques-

tion, "Was the Polynesian native dog a true

dog?” In fact, no one interested in the Poly-

nesian dog appears to have expressed doubt that

it belongs in Canis

,

except perhaps Elizabeth

Morey (Im Thurn and Wharton, 1925: 188),

who lived at the beginning of the nineteenth

century in Tongatabu (where Cook, it will be

remembered, introduced native dogs and the

people also got some later from Fiji ) . She writes

that "the natives hold in high estimation the

flesh of a small sized animal of the dog kind,

which many prefer to the finest fish.” And, again

in contrast to the dingo, the question has not

been raised as to whether the Polynesian dog’s

wild ancestor was nearest a wolf, jackal, fox, or

other carnivore.

The polyphyletic theory, that the various races

of domestic dogs derive not only from the wolf

but from the jackal, fox, and coyote, had famous

followers like I. G. Saint-Hilaire and Charles

Darwin, although the latter (1897, I: 216) felt

none too convinced. The polyphyletic theory still

has some followers, although the evidence of-

fered has rested less on studies of the less plastic

features like teeth and skulls than on super-

ficial, modifiable traits like, for example, the

carriage of the ears and tail or the quality and

color of the coat. Discussions of the polyphyletic

or monophyletic origin of the domestic dog

usually bypass the Polynesian native dog but

not the dingo; yet, as has been noted, in the mid-

nineteenth century European settlers in New
Zealand debated whether or not the dingo of

Australia and the native dog of New Zealand

were related.

Wood-Jones (1926) compares a series of 20

dingo skulls, selected at random from a collec-

tion of corpses, with 10 other series or indi-

viduals of what are probably mostly European

breeds and also compares these series with crania

of wolves, foxes, and jackals. Tables and sketches

accompany his study. Elis purpose to determine

the place of the dingo led to conclusions that

supported both Blumenbach’s classification of

the dingo as Canis familiaris and Cuvier’s be-

lief that the dingo is "the most primitive true

dog.” Wood-Jones finds that the dingo’s teeth,

especially the upper carnassial, are relatively

more nearly the size and form of those of the

wolf than are those of any other breed of dog

studied. Long isolation in Australia apparently

has stabilized the resemblances to the teeth of

the wolf that Wood-Jones regards as ancestral

to domesticated dogs. The teeth of wolves and

dogs differ in certain significant characteristics

from those of the jackal and the fox. The dingo,

Wood-Jones suggests, probably came with man
by a sea route to Australia. A fact derived from

his comparison that particularly impresses him

is that the series of dingo skulls shows "a degree

of uniformity far greater than that seen in any

series of skulls of dogs of any breed” (1926:

355).

Wood-Jones’ study is regarded as "the most

compelling account favoring the northern wolf

as the original ancestor of the dog” (Vevers,

1948: 5). N. A. Iljin (1941: 410), after an

8-year genetical study in Russia of the offspring

of hybrids produced by crossing a female black

mongrel sheep dog and a male wolf, gray in color

and caught wild, also suggests "the possibility

of the origin of the various races of Canis

familiaris from a single wild species, viz. C.

lupus.” These two studies have had much to do

with discrediting the polyphyletic theory.

CLASSIFICATIONS BY FITZINGER AND SMITH

In the mid-nineteenth century, L. J. Fitzinger

and Charles Hamilton Smith, though chronicling

the increasing mixture between Polynesian dogs

and foreign dogs, show some interest in the

FIG. 18. An imaginative artist’s idea of Canis tahi-

tiensis (Reichenbach, 1836 : 46, pi. 72).
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same questions that the Forsters and King raise

about the pre-European origin of the causes of

what are regarded as either degenerate or primi-

tive traits in the Polynesian dog. Neither Fitz-

inger nor Smith had specimens to study.

Among the peculiar traits of the Polynesian

dog were its inability to bark, its predominantly

indolent disposition (except perhaps in New
Zealand), its erect ears, long back, short and

crooked legs, comparatively large head with

small eyes, and pointed muzzle. More interest

has been shown in identifying the presence of

these traits in mongrels believed to contain na-

tive strains than in determining the origin of

the traits. The traits (except perhaps the lazi-

ness) when present, whether in dogs of Poly-

nesia or of other parts of the world, are called

primitive; that is, they are regarded as traits

shared with the wild ancestor of the dog what-

ever it is thought to have been, whether wolf,

fox, or other animal. Sometimes these same traits

are called degenerate; the implication occa-

sionally is that degeneration has occurred from

a more advanced form toward the primitive

form. Both the idea of primitiveness and of

degeneracy toward primitiveness seem to be

mixed in the views of the Forsters and King.

That the same perhaps is true of the views of

Smith and of Fitzinger, although the former

refers to degeneracy and poor breeding and the

latter speaks of acclimatization, is suggested by

their famous contemporary’s discussion of the

origin of breeds among dogs.

Charles Darwin (1897, I: 40) writes of the

deteriorating effects of diet and climate on im-

ported dogs, which have led to their "reversion

to a primordial condition which many animals

exhibit . . . when their constitutions are in any

way disturbed.” Darwin also considers the effect

of what are now called mutations:

Some of the peculiarities characteristic of the

several breeds of the dog have probably arisen

suddenly, and, though strictly inherited, may be

called monstrosities; for instance, the shape of

the legs and the body in the turnspit of Europe
and India. ... A peculiarity suddenly arising,

and therefore in one sense deserving to be called

a monstrosity, may, however, be increased and
fixed by man’s selection . . . the most potent

cause of change has probably been the selection,

both methodical and unconscious, of slight in-

dividual differences,— the latter kind of selec-

tion resulting from the occasional preservation,

during hundreds of generations, of those in-

dividual dogs which were the most useful to

man for certain purposes and under certain con-

ditions of life.

Pictures on Egyptian monuments from about

3400 B.C. to 2100 B.C. show dogs, he points

out, which include a turnspit with short crooked

legs resembling the existing variety. He also

refers to a description of an Indian pariah dog
with similarly short, crooked legs. Such legs are

common enough in various animals, Darwin
finds (1897, I: 17), so he rejects the Egyptian

counterpart of the "monumental animal as the

parent of all our turnspits.” In other words, a

breed like the turnspit, sometimes compared

with the Polynesian native dog, might arise

through mutations more than once in differ-

ent parts of the world. However, the latter-

day genetical studies on dogs by C. R. Stockard

(1941) have shown that the achondroplasic fac-

tor is dominant in inheritance. Therefore, the

dogs with the deformed-looking bandy legs and

peculiar muzzles pass on these traits by Men-
delian laws of inheritance to their descendants.

When achondroplasic features inhibit natural

functioning, the breed becomes extinct.

Mongrels in native Polynesian villages that

exhibit peculiarities reminiscent of those the

native dog is thought to have had are generally

assumed to have some native-dog ancestry. The
possibility that at least some of these mongrels

might be mixtures only of European breeds that,

through degeneration or mutation, have come
to duplicate independently the primitive or de-

generate traits of the native dog has not been

considered, except perhaps with the regard to

the trait of nonbarking. All howling wild dogs

are not kin to the indigenous dogs in breed, for,

according to common knowledge, European dogs

which become feral may lose the ability to bark

and resort only to howling. They recover their

bark if they return to a domesticated life.

C H. Smith (1845, XIX: 210) writes of

what he calls the poi dog ( C. Pacificus ) ,
the ilio

of the Hawaiians and the uri-mahoi of the Tahi-

tians: "In form this variety bears marks of de-

crepitude: the head is sharpened at the muzzle,

the ears erect, the back long, the limbs crooked;
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FIG. 19- A Papuan and his dog hunting wild pigs (Forrest, 1779 : 59, pi. 11).

the hair is smooth, but retains its primitive

livery of tan or rusty ochre colour.” The silent

and lazy dog, Smith continues, subsists on a

vegetable diet of breadfruit and of poi made
from taro. Entirely reserved for the table, the

dog is a real delicacy to the natives. In the So-

ciety Islands, Smith adds, it is now mixed in

breed, but in the Hawaiian Islands the "pure

breed of Poe dog is better protected.” Mention-

ing the skinned dog that Frederick Bennett saw

suspended over a restaurant door in Honolulu

in the 1830’s, Smith states that the poi dog is

the size of a terrier, with dull expression, tail

straight or slightly curled, brown livery, feeble

but shrill bark, and in disposition gentle and

indolent. The poi dog, he concludes, "in aspect

presents the mixed forms of a fox-dog, turnspit,

and terrier.” It is just as badly shaped, he says,

as the turnspit which is long-backed, heavy-

bodied, and either straight- or crooked-legged;

and like the turnspit and the pariah dog it

shows poor breeding, degeneracy, and malfor-

mation.

Smith (1845, XIX: 210-211, 296), who like

most writers on the native dog depends on

written descriptions, gives various classifications

of Polynesian native dogs. He distinguishes ap-

parently between the "poe dog” (poi dog) of

the Society and Sandwich islands and its relative,

the "New Zealand dog.” He puts the poi dog

into three classifications, namely, Cams jeri,

Cams terrarius, and Cams Pacificus, Nob. The

Fig. 20. Detail of Papuan native dog in Figure 19-
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New Zealand dog is in the first two classifica-

tions and may be in the third, but Smith is not

clear upon this point. A search of zoological

indices has not revealed "C. Pacificus, Nob.”

among new species, or any productive clue either

to the identity of the natural scientist whose

name is abbreviated as "Nob.” or to the location

of his original description. The classification

continues to be cited, however, probably second-

arily from Smith (Davis, 1949: 12).

Under Canes jeri, Smith lists wolf dogs, watch

dogs, greyhounds, hounds, cur dogs (terrier,

Lapland cur, pariah dog, poi dog, New Zealand

dog, Patagonian dog, Tierra del Fuego dog),

and mastiffs. His second classification "Canis

tenarius—Canes Domesticii” he describes as

being below middle size in height and having

a round head, pointed muzzle, erect ears, large

and prominent eyes, and the characteristics of

being sagacious, noisy, and watchful, and sep-

arable into three distinct species. He includes

here terriers, pariahs, poi dogs, New Zealand

dogs, and the Patagonian and Fuegian dogs.

His third classification of the poi dog is Canis

Pacificus, Nob. His two classifications of the

dingo, by the way, are Chaon Australiae and

Chryseus Australiae.

Smith is vague about his sources. He men-

tions J. R. Forster as describing the New Zea-

land dog as short and with a tufted tail, a very

large head, small eyes, and pointed ears. George

Forster, it will be recalled, writes of the Society

islanders feeding pigs breadfruit paste (poe)

called mahei. Smith refers to "Frederick Ben-

net” (sic) in connection with the poi dog but

he has obviously drawn on more than Bennett’s

book, as we shall see.

Some of Smith’s data may come from King’s

account, which likens the Hawaiian dog to the

turnspit. Both Crozet and Captain Cook com-

pare the New Zealand dogs with fox-dogs. Rev-

erend William Ellis (1853, IV: 347) compares

Hawaiian and Tahitian dogs with terriers. The
Hawaiian dogs that Ellis saw in 1819 were "of

rather a small size, and something like a ter-

rier.” Tahitian dogs were "usually of a small

or middle size and appear a kind of terrier breed,

but were by no means ferocious; and excepting

their shape and habits, they have few of the

characteristics of the English dog. This probably

arises from their different food. . .
.” Smith’s

description of the dog’s tail as being straight or

slightly curled is absent in earlier accounts. I

cannot locate his source, but Hawaiian petro-

glyphs portray dogs with slightly curved tails

(see Fig. 22). Another possible source Smith

might have been familiar with is George Dixon’s

description (1789: 266) in September, 1787,

of the Hawaiian dogs as appearing "to be of

the cur kind, dull and heavy; they have sharp

pointed ears projecting toward the nose.” (See

Figs. 13, 14, 15.)

F. D. Bennett, one of Smith’s sources, was a

fellow of the Royal College of Surgeons, who
between 1833 and 1936 travelled around the

world to study sperm whales. Although he really

says very little about the dog from his own ob-

servations, he is one of the few scientists writing

about Pacific dogs who has actually seen one,

dead or alive, mixed or unmixed in breed. After

mentioning the pig, he writes (1840, I: 86),

"The aboriginal dog has also merged into a

mongrel breed. The Tahitians formerly consid-

ered a dog, fed on vegetable food, a delicate

dish; and although the impairment of the purity

of the breed, and the prejudices of Europeans,

have done much to abolish this state, it is still

not unfrequently indulged.” Although he gives

no references, a phrase like "delicate dish” is

reminiscent of the journals of the Cook expedi-

tions. In a later description his comparing of

dog meat with lamb and calling it a dish not to

be despised recalls Cook’s famous description of

how to cook a Tahitian dog for the table. Later

culinary adventurers often echo Cook’s evalua-

tion of the meat although Vancouver ( 1798,

III: 61) varies it, after a meal with King Kame-
hameha I, by comparing the meat with mutton.

Bennett’s list of the physical traits of the

Hawaiian dog recalls, at least in part, King’s

description. Bennett writes (1840, I: 246):

The indigenous and exotic quadrupeds resemble

those at the Society group. The aboriginal, or

poe dog, characterised by its small size, brown
colour, foxy head, long back, crooked or bandy
fore-legs, and sluggish disposition, is now a rare,

and will probably be soon an extinct species

—

lost amidst a mongrel race of dogs partaking of

every foreign variety. All classes of canines are

favourites with the natives, who never kill them
wantonly or treat them cruelly. They subsist.
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like their owners, chiefly on vegetables. The
aboriginal food is still considered a delicate food,

even by the chiefs highest in rank and most

civilised in their habits. Europeans who have

sufficiently overcome their prejudice to indulge

in this native luxury, assured me that the flesh

of the poe dog, cooked in the primitive manner,

bears close resemblance to lamb, and is con-

sequently a dish that few who have tasted would

despise.

In Honolulu, October, 1835, Bennett writes

(1840, I: 216), "A hut, called by foreigners

the 'native hotel,’ has also been opened as an

eating house for the same class of people; and

here, it is not uncommon to see a skinned dog

suspended invitingly at the door, to denote what

dainties may be had within, in the same manner

as a turtle or a haunch of venison is occasionally

exhibited at restaurateur establishments in Lon-

don.”

Later while visiting Timor, Bennett writes

(1840, II: 109) that the "swine, dogs, and

domestic fowls found on all the Polynesian

groups, and apparently coeval with man in their

existence on those lands, betray much of an

Asiatic origin.”

L. J. Litzinger, in his summary of the binomial

classifications of the domesticated dogs of the

world, includes Polynesian native dogs (1867:

382, 400-401, 499, 520, 528-529, 817 ) . He dis-

tinguishes seven basic types of dogs in the world

and puts the Polynesian dogs, which he divides

into two breeds, with the pariah dog ( Canis

domesticus indicus ) . The two breeds, he states,

derive through acclimatization in Polynesia of

the Asiatic large pariah dog that ancestors of

the Polynesians brought with them into the

Pacific. This recalls the fact that in 1827 Peter

Dillon (1829, I: 254) writes that in New Zea-

land "They have a breed of dogs peculiar to the

island, and much resembling the Pariah dog of

India and which is considered as furnishing a

most delicate dish.” Because Litzinger (1867:

528) regards the pariah and the pomeranian as

derived from the ancestral type of house dog

and as sharing many resemblances, it is of in-

terest that in 1793, more than 20 years after

Cook had brought native dogs to Tongatabu,
Labillardiere (1800: 128) says that the dog

there "is commonly of a fallow color, small and

pretty near resembling the Pomeranian dog.”

Others, in later times, also liken the native dogs,

especially in New Zealand, to pariah dogs and

pomeranians (Thomson, 1922).

The following is Litzinger’s material relating

to the Polynesian dog.

1. Canis domesticus, indicus Novae-Zeelan-

diae. Included are the New Zealand dog de-

scribed by George Forster (1778, I: 165);

Canis familiaris villaticus
,
novae Zeelandiae of

Walther (1817: 23); Canis otahitensis of

Reichenbach (1836: 46, figs. 573-575); Canis

familiaris orthotus of Reichenbach ("Naturg.

Raubth.,” 141, figs. 573-575)
;
the New Zealand

dog of Smith (1845: 211, 296); Canis aus-

tralis of Youatt (1846: 32-43; cited is only a

German edition of Youatt, p. 26); and Canis

familiaris otahitensis of Giebel (1859: 844).

Fitzinger (1867: 529) considers that this

New Zealand dog, which he believes has obvious

characteristics of the large pariah dog {Canis

domesticus
,
indicus ) ,

undoubtedly is a variation

of it. The slight differences in its bodily traits

inevitably arose, he suggests, from its acclima-

tization in New Zealand on being brought from

the Asiatic mainland and the East Indies. The
differences are the smaller size, the blunter

muzzle, and the more elongated body of the

New Zealand dog as compared with the pariah

dog. The color is mostly a solid rusty-red, black,

or white, but also commonly spotted, the white

ground color being covered with irregular black

or rusty-red spots of various sizes, particularly

on the cheeks around the eyes and ears.

2. Canis domesticus, indicus taitiensis, the

Tahitian dog, found in the Hawaiian and So-

ciety islands, has only minor differences from

the New Zealand dog, its closest relatives. Like

it, Fitzinger states (1867: 529) ,
acclimatization

in Polynesia has led to slight variations from

the ancestral large pariah dog. Of a smaller size

than the New Zealand dog, the Tahitian dog

resembles the crooked-legged dachshund ( C.

vertagus ), Fitzinger continues, in its somewhat

more elongated body and shorter legs, of which

the forelegs are not completely straight but seem

somewhat crooked. The color is solidly brownish

or rusty-gold. This, to Fitzinger, is the dog de-

scribed by George Forster for the Society Islands

(1778, 1: 286); Canis familiaris villaticus, meri-

dionalis of Walther (1817: 23); Reichenbach’s
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(1836: 46) Cants otahitensis; his ("Naturg.

Raubth.”: 14 1) Canis familiaris orthotus ota-

hitensis; Canis Pacificus, the "Poe dog” of the

Pacific islands, of Smith (1845: 210, 296); and

Canis familiaris otahitensis of Giebel (1859:

844).

THE POLYNESIAN DOGS AND THOSE OF

MELANESIA AND NEW GUINEA

That Fitzinger (1867: 817) also has an ex-

tensive synonymy for two other Oceanic species

besides the two breeds he distinguishes in Poly-

nesia is a further reminder of the ramifications

of the problems connected with the history of

Polynesian dogs. Fitzinger classifies the dingo

as Canis Novae-Hollandiae and the dog of

New Guinea and New Ireland as Canis Novae-

Hiberniae. The latter classification combines the

New Guinea dogs described by Captain Forrest

with those of New Ireland described by R. P.

Lesson and P. Garnot. Fitzinger refers to both

the dingo and the Melanesian dog as being half-

tamed.

Pennant, who, it will be recalled, was familiar

with Forrest’s reference to the fox-looking dogs

called Naf, considers New Guinea as a dispersal

area of dogs—and much else—to Polynesia and

perhaps to Australia. Lesson and Garnot (Duper-

rey, 1826, I: 123, 127, 132), who visited the

same coastal area of Darn in Papua, New Guinea,

report the same native name as Nafe. They de-

scribe the dogs of Australia, Papua, and the

Melanesian islands of New Ireland, Buka, and

Bougainville, as being so much alike as to be-

long perhaps to the same species. The New
Ireland dog, which the natives call poull and eat,

is small-bodied, with short hair that is either

tawny or black, and with a pointed muzzle and

short, erect ears. Courageous and carnivorous,

it hunts on the reefs for its meal of fish and

crabs. Writing specifically of the Australian dog,

the scientists liken it to the chien de berger (see

Fig. 17) as Forster did the New Zealand dog.

Another account ( Laurillard, 1849, III: 545),

perhaps quoting from Lesson’s later statements

which I have not seen, varies slightly; for in-

stance, the New Ireland dog is said to have

spindly legs and to be smaller than the New
Holland dog.

From other references to Melanesia and New
Guinea dogs I shall select two or three provoca-

tive of comparisons with the Polynesian dogs,

and hope to lure a zoologist to interpret the

findings of other zoologists for which my one

semester on the, zoology of a worm and a frog

did not prepare me.

Small black and white dogs are reported from

the interior of British New Guinea and from

Goodenough Island. A. S. Meek in 1896 found

them "fairly numerous” in the latter island

where, it was thought, no white man had been.

Later, Sir Hubert Murray, governor of British

New Guinea from 1907 to 1940, sent to Aus-

tralia specimens of black and white dogs found

around Mt. Scratchley. Presumably these are the

same specimens that De Vis classified in 1911

as Canis familiaris Linnaeus
( quoted from Le

Soeuf and Burrell, 1923: 92, 93), and that

Wood-Jones in 1929, without mentioning De
Vis, studied as part of his series of projected

papers comparing the domestic animals, par-

ticularly the dog, of Pacific islanders in the hope

of shedding some light on the racial origins and

racial movements of the people whom the ani-

mals accompanied. His study of the dingo has

been mentioned; the Hawaiian study will be

referred to later. Apparently, Wood-Jones never

compared the measurements of dog crania from

the three areas or continued with his project.

According to De Vis, the dog is black and

white, with black predominant. The rather bushy

tail reaches the middle of the lower leg. The

dew-claw is absent. The neck is thick and short,

the head comparatively small, and the muzzle

deep and narrow. The eyes are slightly oblique,

and the ears short and erect. The short hair is

"closely adpressed, without under fur, longer on

neck, forming ruff between shoulder and ear.”

Head and body measure 650 mm.; the height

at the shoulder is 290 mm.

Wood-Jones ( 1929: 331), who gives a series

of measurements, with two sketches, of the two

crania (Nos. 3751 and 4083, Queensland Mu-
seum ) ,

concludes that the skulls are those of

small dogs "of the terrier type, with fairly

elongated sharp noses and well developed mus-

cular crests and ridges.” This Papuan breed, ex-

cept for its "relatively large upper carnassial

tooth typical of primitive canine breeds,” dif-
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fers "widely in its characters from the dogs of

certain other Pacific islands" that are not named.

The peculiarities are that the palate has a back-

ward prolongation behind the last molar tooth;

the supraorbital processes are pointed in form

(the dingo s were "swollen," and appeared con-

vex on the upper surface), "flat to concave on
the upper surface, and singularly vulpine in

character,” and the sagittal crest "is formed by

a coalescence of the temporal ridges in the re-

gion of the coronary suture in both specimens,

and ... is extremely prominent in its caudal

extremity where it joins the well marked nuchal

crest." Wood-Jones (1929: 331) quotes, per-

haps from a letter from the museum director,

a more detailed description of the colors of two

skins that have apparently been preserved; one

is black and white, with black dominant; the

other is "Ridgway’s russet. . .

.”

Wood-Jones, it will be noted, finds something

foxlike about this breed. This suggests that those

early Europeans who called the native dogs of

the Pacific "foxlike” were not influenced to do

so by theories of the day that some breeds of

dogs were derived from a fox ancestor.

The trail of the dog goes, of course, farther

west than New Guinea. Interestingly, some
writers on Indonesian dogs note oblique eyes

among them or find traits that recall to them the

dingo. Northward in Micronesia, where the dog
was spottily distributed at the time of Euro-

pean discovery, there are many problems that

also show that to learn more about the Poly-

nesian dogs the entire South Pacific must be

studied. In this paper I shall ignore Micronesia,

however, and turn to the Hawaiian dog.

FIG. 21. An Australian dingo (Phillip, 1789 : pi.

45).

TWENTIETH-CENTURY STUDIES OF THE
HAWAIIAN DOG

Few attempts to classify the Hawaiian dog

have been made in the present century. Two
zoological surveys (Sharp, 1913, I: 465; Bryan,

1915: 295) venture no description or classifica-

tion. S. W. Tinker (1938: 84-87) gives no

references but labels the dog Cams domesticus

hawaiiensis. Like Bryan, he mentions the pres-

ence of color types distinguished by Hawaiians

and probably follows David Malo (1951: 37)

and references to dogs in native traditions and

in Hawaiian-language newspapers. Tinker de-

scribes the colors as ranging from white through

all of the yellowish and reddish shades to brown,

with the lighter shades seemingly most numer-

ous. The rest of Tinker’s account seems to be

derived from King and Wood-Jones. D. H.

Johnson (1944: 334, 335), who does not de-

scribe but lists both the New Zealand and the

Hawaiian dog as Cams familiaris Linnaeus,

merely remarks that it was a domestic dog of

Asiatic origin which Polynesians had purposely

carried with them on their migrations.

Neither of the two major modern scientific

studies of the physical traits of the Hawaiian

dog gives any classification. However, they will

be summarized because they point in the direc-

tion of our only hope now of learning more

about the native dog.

Wood-Jones (1931) describes two crania of

dogs believed to be possibly of the pre-European

type, as they were obtained from Hawaiian

archeological sites. Examination of the skulls

reveals that although the cranial characteristics

of the Hawaiian dog had greatly altered through

a soft vegetable diet, the teeth had retained their

primitive trait of large size. The relatively great

length of the upper carnassial tooth is particu-

larly noteworthy. This primitive trait recalls the

New Guinea and Australian breeds. However,

the Hawaiian canine skulls vary in many details

from these western forms.

Wood-Jones writes, "The most conspicuous

feature of the skull of the Hawaiian dog is the

rounded and smooth contour of all parts of the

cranium. The temporal lines are hardly visible;

they are separated by an interval of nearly 30

mm. at the vertex, and the skull is therefore

entirely devoid of a sagittal crest. The supra-
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orbital processes are roundly convex and blunt.

The muzzle is short and rounded, and the palate

short and broad. The posterior margin of the

palate is in line with the hinder portion of the

last molar tooth.” He gives in detail the cranial

measurements of the two specimens. One, that

of a young animal found in Nuololo Valley,

Kauai, as a separate burial bundle in the general

wrappings of a child, is in the Bishop Museum.

Unstated is the present location of the second

specimen, that of an adult dog from a burial

cave at Nuololo Flat, Kauai. Both specimens

were found wrapped in tapa.

Without citing a source, Wood-Jones also

describes the appearance of the native Hawaiian

dog. Probably he used Fitzinger, Ellis, King,

and local Hawaiian informants for some of his

account. The statement that one foreleg was

commonly more bent than the other has not

previously been recorded. Wood-Jones states:

In general, however, we know that it was a

long-bodied, short-legged dog of the short-haired

terrier type. In general build it has been likened

to the dachshund but, unlike this breed, its

large ears were held erect. The tail was carried

with an upward curve and the coat color ap-

pears to have been varied; but white and pale

yellow are said to have been predominant. The
fore limbs are described as being bandy, and it

is said that very commonly one leg was markedly

more bent than the other. Although the pure

breed has ceased to exist in the islands of the

Hawaiian group, there is abundant evidence of

the persistence of its blood in the large number
of long-bodied, short bandy-legged mongrels to

be met with even around Honolulu. At times

it would seem that the combination of char-

acters, said by the old Hawaiians to be typical

of the poi dog, is very faithfully reproduced

in dogs of extremely mixed ancestry. It is by no

means uncommon in Hawaiian villages to meet
with these long, low dogs that have an un-

familiar appearance in consequence of their

large erect ears.

The most recent study of the Hawaiian native

dog, an examination of its teeth for caries, has

been done by Dr. Arthur Svihla (1957), who
is extending the study to visit museums in

Polynesia to examine teeth thought to be de-

rived from native dogs. The Hawaiian canine

skulls and lower jaws that he examined came

from archeological sites on Oahu and Hawaii.

Skeletons of dogs are especially numerous in

caves of refuge because women and children

who sheltered in them took live pigs and dogs

to provide part of their food. Dr. Svihla, who
finds dental caries markedly prevalent in the

teeth of these dogs, attributes the decay to the

diet which was heavily weighted with starches

and sugars. Food tabus, especially as relates to

meat, had affected the women and the com-

moners who, although the caretakers of the pigs

and dogs, were forbidden to eat them and fed

them the staple vegetables of their own diet.

Teeth of modern dog skulls in Bishop Museum
have no caries, Dr. Svihla reports. He suggests

that it is probably because the Hawaiian diet

changed to include more protein after European

contact and the abandonment of tabus. The diet

of the dogs improved with that of their care-

takers.

These studies by Wood-Jones and Svihla pro-

vide some support for the theories of the For-

sters, King, Ellis, and others that the predomi-

nantly vegetable diet of the Polynesian dogs

had caused some of the peculiarities of their

appearance and behavior.

CONCLUSION

This paper has surveyed the literature on the

taxonomy of the Polynesian native dogs. The
source material of taxonomists has been de-

rived, often at second- and third-hand, from

impressionistic descriptions by members of

the expeditions of Captain Cook and other

eighteenth-century explorers, none of whom give

a single measurement or apparently preserved

a specimen for scientific study. Information from

later centuries is open to doubt because inter-

breeding between native and introduced dogs

began with the arrival of the first European ships

with pet dogs aboard. No numerical data exist

on the native dogs of the Society Islands and

the Tuamotus. No measurements existed of Ha-

waiian native dogs until the twentieth century

when, using archeological material presumed to

be of pre-European age, Wood-Jones studied

two crania and Svihla examined teeth for caries.

No measurements were made on New Zealand

dogs until the nineteenth century, by which

time the identification of any living dogs as
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representative of the pre-European variety was

much disputed.

Four Polynesian archipelagoes—Hawaii, New
Zealand, Society, and Tuamotus—had living na-

tive dogs at the time of European discovery.

Archeological evidence from the Marquesas now
shows that dogs had become extinct or very

rare there by 1595, when Europeans are first

known to have discovered the islands. Some

islands, like Tonga, that had no dogs but recog-

nized them, may also have had them once or

heard about them from other islands.

Dogs are thought to have been brought to

Polynesia by the first human discoverers and

settlers of the area. The frequency with which

early European artists showed dogs in canoes

suggests that the dogs perhaps always made
sure that they were not abandoned. Wood-Jones

hoped through studying Pacific native dogs to

learn something of their owners’ migrations.

One natural scientist favored New Guinea as a

dispersal center of people and culture. Another

who compared dogs of New Guinea and neigh-

boring islands of Melanesia, not all of which

had dogs, likened them to the Australian dingo.

The dingo has also been compared with dogs

to the westward in Indonesia and to the east-

ward in New Zealand. However, the fact that

dogs of unknown breeds were introduced into

New Zealand from Australia in the nineteenth

century makes the question of dingo and Maori

dog relationship difficult to answer without

scientific measurements of ancient native forms.

Although Polynesian dogs have been likened to

many different mongrels and curs of the Old

World, some natural scientists consider their

closest kin to be among Asiatic pariah dogs.

The place of Micronesian dogs in the Pacific

scene remains to be considered.

The taxonomists, from their limited primary

source material, feel that at least two breeds,

which they do not define clearly, existed in

Polynesia at the time of discovery by Europeans.

The most distinctive of the superficial traits (the

only kind described) was perhaps the length or

quality of the hair. Some Maori and Tuamotuan

dogs were especially valued for the long silky

texture of their hair. Very early the natural

scientists remarked on the possibility of adapta-

tions resulting from the owners’ care and ex-

ploitation of their animals for food or fur. Re-

cent studies of native canine teeth show that the

predominantly vegetable diet of pre-European

Hawaiian dogs favored the development of

caries. Latter-day concepts, like that of genetic

drift, have not been considered in connection

with the possible emergence of local varieties

as the result of line breeding from perhaps a

single pair isolated on an island. Study of Ha-

waiian canine skulls shows the persistence of

the long upper carnassial tooth, a primitive trait,

but the emergence of noticeable deviations in

some characteristics of the skull as compared

with Papuan and Australian forms.

To state the goals of those studying Pacific

dogs makes these goals more specific than they

are actually stated in most studies, but they

underly the research of the past and remain for

that of the future. The purposes have been: ( 1

)

to trace through the spread of domestic animals

the wanderings of their owners as they dis-

Fig. 22. Petroglyphs that include dogs, Nuuanu
Valley, Honolulu, Hawaii (Bishop Museum Negative

6809).
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covered and settled the island world; (2) to

classify Polynesian breeds of dogs in relationship

to other dogs of the Pacific and of the world,

and to determine the closest kin of the island

dogs among the breeds elsewhere; and (3) to

determine how the peculiarities of the Poly-

nesian and other Pacific dogs originated through

artificial and natural selection, mutation, genetic

drift, and adaptations resulting from domestica-

tion and human use and care.

Now, more than 350 years after the first

known European contact with Polynesia, progress

toward these goals and toward learning more

about Cams familiaris Linnaeus of pre-European

Polynesia must depend upon studying museum
skeletal remains and artifacts made of dog bones,

teeth, and hair, and recent archaeological finds

of remains of dogs that are datable by radio-

carbon analysis as pre-European in age. Research

like that of Wood-Jones and Svihla gives hope

that even at this late date something may be

learned of the characteristic of the Polynesian

dogs and of the origin of local variations.
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Revision of the Genus Pandanus Stickman

Part 1. Key to the Sections

Harold St. John 1

For THIRTY YEARS the writer has lived and has

made plant collections on the tropical Pacific

islands, the home of a great part of the genus

Pandanus ( Pandanaceae ) . His gatherings of the

genus are numerous.

In 1955 and 1957 grants were received from

the National Science Foundation of the United

States, to make possible extensive exploration

for this genus in the Pacific, for the employment

of an assistant, and for research investigations.

Most of the species are trees with elongate, saw-

toothed blades, and large, fleshy fruits that are

difficult to dry. Many of them have unpleasantly

spiny trunks, branches, and even roots. Conse-

quently, the collecting of specimens is difficult

or hazardous, and the drying of them is a long

and burdensome process. But few of the botani-

cal explorers in the Pacific have had the interest

or the endurance to make extensive collections

of Pandanus. Most of the others, when collecting

their first specimen, have been lacerated by the

saw-like leaves or wounded by the spines of

the trunk. They have then uttered an oath and

sworn never to collect another Pandanus. As a

result the Pandanus population has been well

sampled in only a few areas.

Outstanding among previous explorers was

Prof. Ryozo Kanehira of Kyushu University,

who revealed much of the wealth of Pandanus in

the Caroline Is., Marshall Is., and New Guinea.

1
B. P. Bishop Museum, Honolulu 17, Hawaii,

U. S. A. Manuscript received June 12, 1959-

Since 1955 the writer or his assistant, Ben-

jamin C. Stone, have made lone explorations

for Pandanus in the Ryukyu Is., Marianas Is.,

Caroline Is., Marshall Is., New Guinea, Bis-

marck Arch., Solomon Is., the New Hebrides,

and the Hawaiian Is. In almost every one of

these islands or archipelagos were discovered

from two to five times as many kinds of Pan-

danus plants as were known there from earlier

explorations.

The writer envisions that his published stud-

ies will form a revision of the genus, or at least

of its species occurring in the Pacific. As small

portions of it are finished, they will be pub-

lished as numbered parts, with a consecutive

paging, under one general title. In this way the

finished parts can be made available early.

Many of the present sections of the genus are

those groups recognized as genera by Gaudi-

chaud. When only a few species were known,

many of these groups seemed truly good gen-

era. With the increase in the number of species

to nearly 600, the "generic” distinctions have

diminished or vanished. Hence, the writer con-

curs with the judgement of nearly all recent

investigators that Pandanus is one very large

genus that contains numerous well-marked sec-

tions. There is nothing to be gained by classing

them all as subgenera, so the writer follows

Warburg ( 1900) in dividing the genus into sec-

tions. More sections have been added recently,

especially by E. G. R. Pichi-Sermolli (1951)

in his study of the species of Madagascar.
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KEY TO THE SECTIONS

A. Drupes all or mostly 1 -celled (subgenus Lophostigma )

,

B. Stigmas broader than long, flat,

C. Stigmas flush, horseshoe-shaped, glabrous; drupes ellipsoid; syncarps solitary, spicate, or

racemose: stamens umbellate at apex of column Microstigma

C. Stigmas raised; drupes cuneiform or fusiform,

D. Stigmas as broad as or broader than apex of drupe,

E. Stigmas oblate capitate, emarginate, as broad as the narrow apex of the fusiform

drupe, in anthesis hirsute; heads single; staminate flowers unknown....Pulvinistigma

E. Stigmas discoid suborbicular, entire or lobed, broader than the cuneiform drupes,

glabrous, imbricate and concealing the drupes; staminate flowers unknown
Asterostigma

D. Stigmas narrower than apex of drupe, lunate, lateral under a horizontal, coriaceous,

entire or lobed visor borne asymmetrically on the apical region of the drupe but not

marginal; staminate flowers unknown Maysops

B. Stigmas longer than broad or orbicular,

F. Stigma 1 (rarely 2), setiform, at maturity deciduous from the pileus; staminate flowers

unknown Rykiella

F. Stigmas broader than setiform, persistent,

G. Stigmas erect, crested and laterally expanded; staminate flowers unknown Cristata

G. Stigmas not crested,

H. Style subulate, apical, erect or ascending, bearing a distal stigma; stamens attached

to axis, the column lacking . Acrostigma

H. Stigmas broader than subulate,

I. Stigma on lateral edge of pileus, and horizontal, toothlike, entire; stamens

crowded on conical apex of column Lophostigma

I. Stigma terminal,

J. Stigma a flat flap, entire or lobed, often orbicular or reniform, ascending or

spreading; stamens umbellate on adaxial side of column apex Microstigma

J. Styles 1 (-2), toothlike to broad subulate, hornlike, cartilaginous, erect

or spreading, bearing a proximal stigma; stamens fascicled at apex of

column Rykia

A. Drupes or phalanges all or mostly several-celled (subgenus Pandanus )

,

K. Marginal carpels the smaller, acerose toothlike, mostly sterile; phalanges 5-10-celled; sta-

mens few, on dichotomous apex of column . . Stephanostigma

K. Marginal carpels not toothlike and sterile,

L. Stigmas elongate, acerose,

M. Stigmas acerose, mostly forked; stamens umbellate on capitate apex of column

Multispina

M. Stigmas of simple, acerose spines; staminal column bifid with digitate filaments that

are simple or 2- 3-forked.. Acanthostyla

L. Stigmas not acerose elongate,

N. Stigmas apical and oblique or erect ( or a small percentage of them horizontal )

,

O. Carpels in 1 transverse line or in several parallel such lines; stamens borne under

a peltate apex of the column, or in several racemes with subtending bracts...

Hombronia

O. Carpels in circular, centripetal, or irregular arrangement, not a linear one,
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P. Othei^tigmas all facing a single marginal one or facing the marginal ones

along one side; staminate flowers unknown.... Lateriobtutus

P. Stigmas centripetal; stamens subfasciculate or racemose Pandanus

N. Stigmas flush, not ascending or oblique,

Q. Stigmas apical,

R. Phalange with a fibrous septum between the 2 cells; stigmas approximate;

stamens umbellate on the capitate apex of the column, and with abortive

gynoecium .Martillidendron

R. Phalange of several ( or 1 ) cells, each with a bony endocarp,

S. Phalange not lobed, the summit broad convex,

T. Stigmas 2-7, all (or all but one central one) centripetal, and on the

margin of an apical ring or polygon; stamens unknown Dauphinensia

T. Stigmas 1-9, centripetal, approximate in central area of broad, low

convex apex; staminate column fasciate, bearing short terminal, free

filaments, or filaments united I/6-Y2 way in groups Vinsonia

S. Phalange apex lobed,

U. Phalange apex broad convex or narrow, shallowly lobed between the

2-9 stigmas Vinsonia

U. Phalange much narrowed to truncate ( or concave ) apex where the

numerous carpel tips are crowded,

V. Carpel apices low conic or low pyramidal, crowded; staminal

column dz diffusely branched into short filaments shorter than the

anthers Mammillarisia

V. Carpel apices narrow deltoid or slender conic, the outer ones in-

flexed and very asymmetric; stamens unknown ...Australibrassia

Q. Stigmas markedly subapical,

W. Stigma on distal surface of carpel tip; staminate flowers unknown Coronata

W. Stigma on proximal surface of carpel tip; staminate flowers unknown
Intraobtutus

SYNOPSIS OF SECTIONS

SUBGENUS Lophostigma, subgen. nov.

Carpellae drupas distinctas formant. Carpels

distinct, in fruit forming drupes.

HOLOTYPUS: section Lophostigma (Brongn.)

Warb., in Engler’s Pflanzenreich IV, fam. 9: 71,

1900.

There has been effectively published the sub-

generic name Aerostigma by Martelli, Soc. Tosc.

Sci. Nat., Atti, Proc. Verb. 42: 56, 1933. How-
ever, this name was printed without a description

or a reference to one. This taxon "sottogenere”

was not formally accepted by its author, Martelli,

and he used it indiscriminately with "sezione,”

but the latter taxon, the section, was the one he

actually accepted.

The sections in this subgenus follow in alpha-

betical order:

Aerostigma Kurz, Jour. Bot. Brit, and For.

5: 100, 1867; As. Soc. Bengal, Jour. 38(2):

146, 1869. Lectotype: P. affinis Kurz, Jour. Bot.

Brit, and For. 5: 101, 1867. The section contains

5 1 species, and it occurs in : western Africa (

1

species ) ,
India (15), Ceylon ( 3 )

,

Burma ( 1 )

,

Malaya (15), Thailand (2), Indochina (3),

Philippines (5), Indonesia (23), New Guinea

( 14 )

,

Bismarck Arch. ( 1 )

,

Australia ( 2 ) ,
and

Fiji(l).

Asterostigma Martelli, Webbia 4(2): 427,

1914. Lectotype: P. discostigma Martelli, Web-
bia 4(2)

:

427, pi. 39, figs. 12-15, 1914, Borneo.

The one other species, P. stelliger Ridl., is from

Malaya.

Cristata Martelli, Philipp. Jour. Sci. Bot. 3C:

70, 1908. Type: P. Cumingianus Martelli, from

Negros, P. I., the only species.

Poullioya (Balf. f.) Warb., emend. Pic.-Ser.,

Engler’s Pflanzenreich IV, 9: 44, 73-74, 1900
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(as Fouilloya); and Inst. Sci. Madagascar, Mem.
ser. B, 3(1): 97-100, 1951. The genus Foullioya

Gaud., Bot. Voy. La Bonite, Atlas, pi. 26, figs.

1-9, 21-24, (1843) [= 1841} was without de-

scription and contained two species, hence was

invalid. The earlier spellings of the generic and

sectional name were all Fouilloya, except for

that by Kurz in 1869, and Pichi-Sermolli ( 1951:

100), who, after biographical investigation, cor-

rected the spelling to Foullioya. He found no

man named Fouilloy, but did learn of an as-

sociate of Gaudichaud’s, the surgeon Foullioy,

who served on a French naval expedition to

Madagascar. From these facts, the correction in

spelling by Pichi-Sermolli seems reasonable and

permissible. The section contains five or six

species from Madagascar.

Lophostigma (Brongn.) Warb., in Engler’s

Pflanzenreich IV, 9: 44, 71, 1900; genus Bryan-

tia, section Lophostigma Brongn., Ann. Sci. Nat.

Bot. VI, 1: 287, 1875. Lectotype: Bryantia

viscida Brongn. = Pandanus viscidus (Brongn.)

Solms, of New Caledonia. The section contains

five species: New Caledonia (4), and Fiji (1).

Maysops, sect. nov. Drupis 1-carpellatis fusi-

formibus vel suboblongis, stigmatibus lunatis

sub margine petaso horizontale coriaceo integro

vel lobato in apice sed asymmetrico, syncarpiis

cylindraceis obtusis in bracteis naviculatis colora-

tis multis toto amplectis, drupis luteis aurantiacis

vel subroseis eis apicalibus praematuris.

Drupes one-celled, fusiform to somewhat

oblong; stigmas lunate, lateral under a horizon-

tal, coriaceous, entire or lobed visor borne asym-

metrically on the apical region of the drupe but

not lateral; syncarps cylindric, obtuse, completely

enwrapped in many boat-shaped, colored bracts;

drupes yellow, orange, or pink, ripening serially,

the apical ones first and shedding in this order.

HOLOTYPUS: P. Zea St. John, from Queens-

land, Australia, described in this paper. Other

species are: from the Solomon Is., P. lampro-

cephalus; from New Guinea, P. cernuifolius,

P. floribundus, P. Kivi, P. Krauelianus, P. mi-

crodontus, P. xanthocarpus; from Amboina, P.

amhoinensis; and the writer has four more un-

described species from New Guinea. Other

species that have the fruit and stigmatic char-

acters, but have ovoid syncarps and lack the

numerous sheathing, colored bracts, are: P.

Joskei of Fiji; P. aggregatus and P. Archboldi-

anus of New Guinea; and P. Beccarii of the Aru

Is. These should probably be included in this

section, though they lack some of the characters.

The sectional name is formed from the epithet

Mays of Zea Mays

,

plus the Greek ops, appear-

ance, because of the striking resemblance of

the fruit of these species of Pandanus to an ear

of corn or maize in its husk.

Microstigma Kurz, Jour. Bot. Brit, and For.

5: 104-105, 1867. Lectotype: P. ceramicus

Rumph., Herb. Amb. 4: 149, pi. 79, 1743 -

P. conoideus Lam., Encyc. Meth. Bot. 1: 372,

1783. Bryantia (Webb in Gaud.) Warb. in

Engler’s Pflanzenreich IV, 9: 68, 1900, was based

on the genus Bryantia Webb in Gaud., Bot.

Voy. La Bonite, Atlas, pi. 20, (1843) [= 1841},

published without description, but monotypic

and with a figure showing details. Its holotype

was B. butyrophora Webb in Gaud. = P. conoi-

deus Lam. (1783). Here, also reduced to syn-

onymy, is the section Sussea Warb., Engler’s

Pflanzenreich IV, 9: 44, 62, 1900, since its

alleged characters do not hold and no new de-

pendable differences have been found. Lecto-

type: Sussea conoidea Gaud., Bot. Voy. La

Bonite, Atlas, pi. 24, figs. 1-12, 1841 = P. mon-

tanus Bory. The enlarged section now contains

98 species, and occurs in: west Africa (8 spe-

cies), east Africa (3), Madagascar (20), Sey-

chelles ( 1 )

,

Reunion ( 1 )

,

Mauritius (4)

,

India

( 1 )

,

Burma ( 1 ) , Malaya ( 2 )

,

Philippines (19),

Indonesia (10), New Guinea (17), Admiralty

Is. ( 1 )

,

Bismarck Arch. ( 5 )

,

Solomon Is. (6)

,

D’Entrecasteaux Is. ( 1 )

,

and the New Hebrides

(1).

Pulvinistigma Mart ell i (as Pulvistigma)

emend. Kanehira, Univ. Calif. Publ. Bot. 12

(12): 369-370, pi. 48, 1930. Type: P. Durio

Martelli. The emendation by Kanehira was pub-

lished in the Jap. Jour. Bot. 14: 435, 1938. He
pointed out that as Martelli had said (1930:

370), "The stigmas are thickly covered with

short hairs that form a small cushion.” The name

Pulvistigma would seem to have been derived

from the Latin pulvis, but this means dust, and

is inappropriate. On the other hand, the Latin

word pulvinus rn^ans a cushion, and this exactly
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describes the distinctive stigma of this species

and section. Also in Martelli’s diagnosis (p. 369)

he used the words, "stigma . .
.
pulvinatum.”

Consequently, the emendation in spelling made

by Kanehira seems permissible under the Inter-

national Code of Botanical Nomenclature. The
section contains two species from Borneo.

Rykia (De Vriese) Kurz, Jour. Bot. Brit, and

For. 5: 101-104, 1867 (as Ryckia ); Asiat. Soc.

Bengal, Jour. 38(2): 147, 1869. Genus Rykia

De Vriese, Akad. Amsterdam, Verh. 2: 203,

1854, and in Hooker’s Kew Jour. 6: 268, 1854.

The alteration to Ryckia De Vriese emend. Balf.

f., Linn. Soc. Bot., Jour. 17: 35, 48, 1878, and

Martelli, Webbia 4(1): 96, 1913, was un-

justified. As De Vriese stated, the genus was

named in honor of Vice-Admiral J. C. Ryk. The
Index Kewensis has already judged this change

in spelling by Balfour as a mistake. As a new
synonym, is included the section Epiphytici

Martelli, Webbia 4(1): 96, 1913; Soc. Bot. Ital.,

Bui. 304, 1904. Its single species, P. epiphyticus

Martelli, from Borneo, has all the morphological

characteristics of the section Rykia. The fact that

it was found growing perched upon another

plant, is considered of no taxonomic significance.

Type: P. furcatus Roxb. The section contains

74 species and ranges from Madagascar to Aus-

tralia: Madagascar (3 species), India (13),

Ceylon ( 2 )

,

Burma ( 5 )

,

Thailand ( 3 )

,

Malaya

(9), Indochina (9), China (2), Philippines

(5), East Indies (22), New Guinea (1), and

Australia ( 1 )

.

Rykiella Pic.-Ser., Inst. Sci. Madagascar, Mem.
B, 3: 155-158, 1951. Type: P. macrophyllus

Martelli. This and the one other species occur

in Madagascar.

subgenus Pandanus

The use of the name Pandanus for this sub-

genus is required by the International Code of

Botanical Nomenclature, since it contains the

type section and the type species of the genus.

It has long been known by the sectional name
Keura (Forsk.) Kurz, Jour. Bot. Brit, and For.

5: 105, 1867. Type: section Pandanus. Drupes

or phalanges all or nearly all several-celled.

Acanthostyla Martelli, Soc. Tosc. Sci. Nat.,

Atti, Proc. Verb. 42: 57, 1933; Inst. Sci. Mada-

gascar, Mem. ser. B, 3: 11, 122-126, 1951.

Type: P. spinifer Warb. The section contains

13 species of Madagascar.

Australibrassia, sect. nov. Phalangiis pluri-

carpellosis lobatis in apice valde angustatis, api-

cibus carpellorum anguste deltoideis vel conicis

exterioribus inflexis et valde asymmetricis.

Phalanges much narrowed towards the apex,

and there lobed between the numerous carpels;

apices of the carpels narrowly deltoid or nar-

rowly conic, the outer ones inflexed and very

asymmetric.

HOLOTYPUS: P. conicus St. John. Its descrip-

tion follows. Also in this section is the new
P. cochleatus St. John.

Coronata Martelli, Univ. Calif. Publ. Bot.

12(10): 359, 1930. Lectotype: P. corallinus

Martelli, 1. c. 395, pi 45, fig. 10-12, 1930. The
lectotype is from Tongatabu, Tonga. The other

species, P. Whitmeeanus Martelli, is known from

Tongatabu, and from Savaii, Samoa; and P. escu-

lentus Martelli is from Luzon in the Philippines.

Dauphinensia, sect. nov. Carpellis ( 1

)

-

pluribus, phalangiis integris in apice late con-

vexis, stigmatibus omnibus (vel omnibus unico

centrale 'excepto) in margine circulo vel poly-

gono apicale.

Carpels ( 1 )
- several; phalanges entire and

with the apex wide convex; stigmas all (or all

except the single central one) on the margin of

an apical circle or polygon.

HOLOTYPUS: P. dauphinensis Martelli in Mar-

telli and Pichi-Sermolli, Inst. Sci. Madagascar,

Mem., ser. B, 3(1): 38-40, fig. 5, 1951.

The section contains six species, including:

from east Africa, P. Stuhlmanni; from the Sey-

chelles, P. Hornei; from Madagascar, the type,

and P. concretus, and P. reflexus; and from

Guam, P. Kafu.

Hombronia (Gaud.) Warb., in Engler’s Pflan-

zenreich IV, 9: 50, 1900; genus Hombronia

Gaud., Bot. Voy. La Bonite, Atlas, t. 27, fig. 17,

(1843) [= 1841]. The name was published by

Gaudichaud without a description, but the genus

was monotypic, and it was illustrated by a figure

with details, so the name was valid. Type: Hom-
bronia edulis Gaud., but the epithet is pre-

occupied in Pandanus

,

so the valid name is now
P. dubius Spreng. The section contains 22 spe-

cies, and it occurs from the Andaman Is. to
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Samoa, as follows: Andaman Is. (1 species),

Nicobar Is. ( 1 ) ,
Malaya ( 1 ) ,

Thailand ( 1 )

,

Philippines (2), Micronesia (3), Indonesia

(1)

,
New Guinea (8), Solomon Is. (2), New

Caledonia (8), Isle of Pines (1), Loyalty Is.

(2)

,
New Hebrides (1), Australia (1), and

Samoa ( 1 )

.

Intraobtutus, sect. nov. Stigma centripet-

alum anguste ellipticum in latere proximo prae-

rupto carpelli truncati affixa; carpellis plurimis

et adnatis; plantis masculis incognitis.

Stigma centripetal, narrowly elliptic, borne

on the proximal steep inner side of the truncate

carpel apex; carpels 7, adnate 6/7 way; stami-

nate plant unknown.

HOLOTYPUS: Pandanus Parkinsonii Martelli,

Webbia 4(2): 417, t. 38, figs. 14-15, 1914. It

occurs in the Bismarck Archipelago.

Lateriobtutus, sect. nov. Carpellis plurimis

adnatis, stigmatibus carpellorum altrorum ad

carpellam marginalem dirigitis vel ad lineam

marginalem carpellorum dirigitis. Ei carpelli ob-

tuti quam altros breviori. Arbori masculi in-

cogniti.

Carpels several, adnate, the stigma of all the

others facing one marginal or the line of several

marginal ones at the proximal edge. The focal

carpels shorter than the others. Staminate trees

unknown.

HOLOTYPUS: Pandanus biakensis St. John,

from Biak, Netherlands New Guinea, H. St. John

26,142, the description of which is appended at

the end of this paper.

Mammillarisia, sect. nov. Phalangibus in

apice angustatis truncatis lobatisque, apicibus

carpellis pluribus approximatis depresse conicis

vel pyramidatis, columnis staminalis diffuse ram-

osis filamentis brevibus ferrentibus.

Phalanges narrowed to a truncate apex, lobed;

apices of the several carpels depressed conic or

pyramidal, crowded; staminal columns diffusely

branched, bearing short filaments.

HOLOTYPUS: P. mammillaris Martelli and

Pic.-Ser., Inst. Sci. Madagascar, Mem., ser. B,

3(1): 47-51, fig. 6, a-e, 1951.

The section contains 26 species, including:

from west Africa, P. thomensis; from Madagas-

car, P. bipyramidatus
,
P. diffusus, P. Karaka, P.

mammillaris, P. Pervilleanus, P. sambiranensis

,

P . saxatilis, and P. vanDamii; from Reunion,

P. sylvestris; from Mauritius, P. drupaceus, and

P. glaucocephalus; from the Philippines, P. acla-

dus, P. biliranensis, P. camarinensis
,
P. luzon-

ensis, P. Martellii, P. nobilis, P. panayensis, P.

radicans, P. sibuyanensis, P. umbonatus, and P.

urdatenensis

;

from Palau, P. Kanehirae; from

New Guinea, P. Kaernbachii; and from Aus-

tralia, P. Dammannii.

Martillidendron Pic.-Ser., Inst. Sci. Madagas-

car, Mem., ser. B, 3(1): 20, 1951. Type: P.

androcephalanthus Martelli. The section contains

three species from Madagascar.

Multispina Fagerlind, Svensk Bot. Tidskr.

34: 112-113, 1940. Type: P. multifmeatus

Fagerlind, from Java, the only species.

Pandanus. Type: P. odoratissimus L. f., of

Ceylon. A synonym is the sectional name Keura

(Forsk.) Kurz, Jour. Bot. Brit, and For. 5: 105,

1867; Asiat. Soc Bengal, Jour. 38(2)

:

147-150,

1869; genus Keura Forsk., FI. Aegypt.-Arab. 95,

122, 172, 1775, a familiar and long-used name.

Since this section contains the type species of

the genus, it is now mandatory to use the same

name as the name of this section, in compliance

with Article 22 of the 1956 International Code

of Botanical Nomenclature. At first sight Solms

seems to typify Pandanus in his monograph

(Linnaea 42: 3, 1878): "Typus P. Kurziani,”

but he does the same for several other species.

Those are the ones which he chose to use to

provide group names for groups of species ( sec-

tions of other taxonomists ) . These are not valid

subgeneric or sectional names, being binomials

for collective species. On p. 77 he says: "P.

odoratissimus L. fil. Nomen delendum omnes

fere tunc descriptas Pandani species amplectens.”

Thus Solms rejected the holotype of the mono-
typic genus on the basis of confusions and

misdeterminations by subsequent botanists. His

rejection is unjustified.

At the moment, the section contains 169

species. A few of these occur in Africa and in

the Indian Ocean: east Africa (6 species),

Comore Is. (1), Madagascar (1), Mauritius

( 1 )

,

Seychelles (2), Ceylon ( 1 )

,

India (2),

Nicobar Is. (2), Andaman Is. ( 1 )

,

but the great

bulk of the species which remain (151) occur

in the tropical Pacific, from its western shore
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to Hawaii, the Marquesas Is., and the Tuamotu
Archipelago.

Stephanostigma Pic.-Ser., Inst. Sci. Madagas-

car, Mem. ser. B, 3: 112-113, 1951. Type: P.

analamazaotrensis Martelli, the only species, a

native of Madagascar.

Vinsonia Warb., in Engler’s Pflanzenreich IV,

9: 44, 54-62, 1900. The genus Vinsonia Gaud.,

Bot. Voy. La Bonite, Atlas, pi. 17, 19, 23,

and 31, (1843) [= 1841], contained 10 species

when published by Gaudichaud. There were no

descriptions to accompany the illustrations of

either the species or the genus, so his specific

and generic names were all invalid, though some

of them were later validated by subsequent

authors. Lectotype: Vinsonia sylvestris Gaud.,

Bot. Voy. La Bonite, Atlas, t. 17, figs. 16-17,

( 1843) 1841]. It is a synonym of P. Barklyi

Balf. f. in Baker, FI. Mauritius 397, 1877, a

native of Mauritius. This is chosen as lectotype

for section Vinsonia because among the 10

species published by Gaudichaud in his genus

Vinsonia, 3 were of this affinity and they made

a large element of his concept. V. sylvestris was

well figured by Gaudichaud and is known to be

native of Mauritius. Brongniart found a holo-

type of it in the Paris herbarium. Since the genus

Vinsonia Gaud, was published without a generic

description, but contained 10 species, the genus

and species were invalid. In the original pub-

lication of P. Barklyi, Baker listed V. sylvestris

Gaud, as a synonym, so the relation to this valid

name is definite. Of the remaining seven species

in Gaudichaud s genus Vinsonia, one, V . drupa-

ceus, was based on fragmentary and dubious

material. V . lucidus is obscure. V. palustris be-

longs to section Pandanus. The four species,

V. elegans, V . humilis, V. Pervilleana, and V.

purpurascens, belong to the section with the

phalange narrowed to a small apex on which the

numerous stigmas are crowded. This group is

here described as a new section. It could bear

the name Vinsonia, but the writer prefers to

typify it by P. mammillaris Martelli and Pic.-Ser.,

a modern and better documented species. To
preserve usage he prefers to typify Vinsonia by

choosing one of the three species, V . sylvestris,

V . stephanocarpa, and V . utilis, which Gaudi-

chaud figured, that represent the section with

broad phalange, apex entire or shallowly lobed,

and with the few stigmas remote. Of the three

species, V. sylvestris Gaud, is chosen here as the

lectotype for the section Vinsonia. The correct

name for the lectotypic species is Pandanus

Barklyi Balf. f. in Baker.

For the first time the section Vinsonia is here

typified. At the same time it is restricted to 22

instead of 55 species. Of the remainder, P. Ey-

douxia is referred to the section Pandanus. Four

species, and perhaps three doubtful ones, are

assigned to the new section Dauphinensia. The
distinctive characters of this were singled out

by Martelli and Pichi-Sermolli, in Inst. Sci.

Madagascar, Mem., ser. B, 3: 35-3 6, 1951, but

they did not separate it as a section. Then, 26
species are grouped in the new section Mammil-
larisia. This is also a segregate from Vinsonia

as formerly defined.

The generic name Vinsonia Gaud, was
amended to Vingonia by D’Alleizette, in his

Explic. Descr. PI. de 1’Atlas 117, 1866. He failed

to supply the missing descriptions, so his re-

publication of the binomials is also invalid. His

alteration of the generic name was orthographic,

insignificant, and, under the rules of nomencla-

ture, unnecessary. In concord with Vaughan and

Wiehe (Linn. Soc. Bot., Jour. 55: 11, 1953) the

section Barklya Warb. which was published in

Engler’s Pflanzenreich IV, 9: 44, 62, 1900, is

reduced to synonymy. The 22 species of Vin-

sonia occur in: east Africa (2), Madagascar

( 1 )

,

Seychelles ( 1 )

,

Reunion (2), Rodriguez

( 1 )

,

Mauritius (11), Philippines (2), Kusaie

( 1 )

,

and Australia ( 1 )

.

THE GENERIC NAME

Discussion is in order, concerning the publica-

tion of the generic name Pandanus, commonly
attributed to Carolus Linnaeus the son (1781).

It was first used as a generic name in 1743 by

Rumphius in the fourth volume of his Her-

barium Amboinense. There he described in great

detail 11 species and illustrated 8 of them, each

by a large, detailed drawing. He coined the

generic name Pandanus, deriving it from the

Malayan vernacular name of the trees, "pandan.”

Though no description of the genus was in-

cluded, his treatment, the first under Pandanus,

was by far the best for the next century. One
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of Linnaeus’ students, Olaf Stickman, was as-

signed the topic of the collation of the Her-

barium Amboinense with the Species Plantarum

of Linnaeus and the binomial system. All of the

species of Pandanus published by Rumphius

were given binomials in 1743, but Rumphius

did not consistently follow the binomial system,

and in any case, his book was pre-Linnaean,

being previous to 1753 and so, by our Inter-

national Code, illegitimate. Stickman in 1754

published his thesis under the title "Herbarium

Amboinense.” His thesis was concise and com-

pact. In the left-hand column he quoted the

names used by Rumphius, and in the corre-

sponding right-hand column he entered the valid

binomials that Linnaeus had published in 1753

for the same species, or for many others

Stickman himself supplied the binomials. The

genus Pandanus had not been given a name by

Linnaeus the father, though Rheede van Draake-

stein had already illustrated some Indian species.

In this part of his thesis Stickman left his right-

hand column blank, thus failing to supply valid

names for any of the species of Pandanus . He
did, however, do something about the genus.

Beside his listing of the first species of Rum-
phius, Pandanus verus, he referred to his own
footnote (g). This is printed at the bottom of

his page 17, "(g) Pandanus genus est nondum
constitutum Monoeciae, Bromeliae forte affinis,

fructu Ambrosiae.” This refers to the extensive

and well-illustrated treatment by Rumphius

(1743), and to Pandanus verus Rumph., but

Rumphius had not described his genus. Stick-

man wrote in his footnote ( when translated )

:

Pandanus is a genus not yet constituted, mon-
oecious, with strong affinity to Bromelia, with

a divine fruit. His sentence announces Pandanus

as new, and gives three characters in his descrip-

tion. This satisfies the requirement that a new
generic name must be accompanied by a descrip-

tion or a reference to one. Stickman failed to

give legal names to any of the species but his

publication of the genus is valid, as a genus may
be published without species.

The names published by Stickman in his

thesis of 1754 are commonly credited to Lin-

naeus, his professor. The title page of his pub-

lication includes the statement, "sub Praesidio

D. D. Car. Linnaei,” that is, written under the

supervision of Prof. Linnaeus. It also states,

"Proposuit Olavus Stickman, Smolandus, Up-
saliae 1754,” that is, this work is proposed by

O. Stickman from Smaland, at Upsala, in 1754.

The thesis was printed, effectively published, and

the author was Stickman. It also appeared in a

second edition in the journal, Amoenitates

Academicae, edited by Prof. Linnaeus, to reprint

for wider circulation the best of the theses writ-

ten by his students. Stickman’s Herbarium Am-
boinense appears there in volume 4, printed in

1759. This second edition is essentially iden-

tical with the first, except that the title page

material is a brief extract, and except for a few

misprints, as, for instance, in the footnote (g),
".

. . Monoecia . .
.,” the final e being missing.

Stickman is given as the author of the article,

and nowhere does Linnaeus claim it as his own.

The articles in the several volumes of the journal

are by numerous different authors, and the few

written by Linnaeus himself bear his name as

author. The name of Linnaeus is on the title

page of the volume, but that means merely that

he was the editor of the volume, not the author

of all the articles written by his students and

reprinted in this journal series.

SECTION Lateriobtutus

Pandanus biakensis, sp. nov.

Fig. 1, a-g, 2-5

Arbor 16 m. alta 25 cm. diametro (8 m. ex

basi), corona ampla, trunco magno cortice spi-

nosa, foliis 3.65 m. longis 15 cm. latis ligulatis

planis in apice longe diminuentibus in 10 cm.

ex apice 10 mm. latis, marginibus basalibus

cum aculeis 2.5-3 mm. longis 4-9 mm. distanti-

bus salientibus vel adscendentibus, marginibus

medialibus cum aculeis 1.5-2 mm. longis 4-6

mm. distantibus adpressi-adscendentibus, mar-

ginibus apicalibus cum aculeis 0.5-1 mm. longis

1-3 mm. distantibus adpressi-adscendentibus,

midnervio in pagine inferiori in basi inermi,

in medio cum aculeis 0.5-1 mm. longis 8-19

mm. distantibus, proxime apice ad eas margin-

ales simulantibus, syncarpiis 42-51 cm. longis

25-29 cm. diametro 14-24.36 kilo ponderatis

terminalibus solitariis adscendentibus ovoideis,

phalangibus 160-212 et 10.5-12.6 cm. longis

4-5.5 cm. latis 3.5-5. 5 cm. crassis oblanceo-

oblongis luteis lateribus cum angulis longitudi-
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nalibus numerosis projectis et sulcis alternatis

vadosis, superficie sublucida et in sicca brunnea,

parte supera Vs libera, in sectio transverse

quadrato vel pentagono, apice lata et vadositer

concavo-truncata, carpelis 6-9 plerumque 7 api-

cibus truncatis vadositer concavisque eis cen-

tralibus tessellatis, sinibus centralibus subnullis,

stigmatibus 1.5-2 mm. longis oblique elliptici-

bus et cum sinu basali centrali, carpela proxima

breviore phalangis quisque focum est et stig-

matibus alteris omnibus ad carpelam proximam

singularem dirigitis, endocarpio paene subme-

diali osseosi pallide brunneo marginibus 3-4

mm. latis, seminibus 14 mm. longis, 3 mm.
diametro anguste ellipsoideis, mesocarpio api-

cali grandi lA parte phalangis repletenti et in-

divisi multifibrosi et brunneo-medulloso mem-
branoso, mesocarpio basali fibroso et carnoso.

Tree 16 m. tall, 25 cm. in diameter at the

widest part (8 m. up the trunk), with ample

crown; the bark slightly muriculate; prop roots

4-6 m. long, 10 cm. in diameter, spiny; leaves

3.65 m. long, 15 cm. wide, ligulate, plane, the

apex slender and long tapering, at 10 cm. below

the apex only 10 mm. wide; the margins near

the base with salient or ascending stout prickles

2.5-3 mm. long, 4-9 mm. apart; near the middle

the teeth 1.5-2 mm. long, 4-6 mm. apart,

appressed ascending; near the apex the teeth

0.5-1 mm. long, 1-3 mm. apart, appressed as-

cending; the midrib below unarmed at base, at

the middle with ascending prickles 0.5-1 mm.
long, 8-19 mm. apart, but near the apex like

those of the adjacent margins; fruiting heads

terminal, single, ascending, ovoid, 42-51 cm.

long, 25-29 cm. in diameter, weighing 14-24.36

kilos; phalanges 160-212 in number, 10.5-12.6

cm. long, 4-5.5 cm. wide, 3.5-5. 5 cm. thick,

oblance-oblong, yellow, the sides with numerous

sharp, longitudinal ridges and alternating shal-

low furrows, the surface sublucid, when dried

brown, upper Vs part free, in cross-section

quadrate or pentagonal, the broad apex shallow

concave-truncate; carpels 6-9, mostly 7, their

apices truncate and shallowly concave, the cen-

tral ones tessellate, their sinuses nearly lacking;

stigmas 1.5-2 mm. long, oblique, elliptic, with

Fig. 2. Pandanus biakensis, holotype, in situ.

a basal central cleft, the proximal carpel of each

phalange the shorter and with the stigma facing

distally, and all the other carpels oriented to

and facing this focus carpel; endocarp slightly

submedian, bony, pale brown, its margin 3-4

mm. thick; seeds 14 mm. long, 3 mm. in diame-

ter, narrowly ellipsoid; apical mesocarp one

large undivided area occupying Vs of the phal-

ange, traversed by numerous fibers and with

many membranous, brown cross-partitions, en-

closed by a marginal prolongation of the endo-

carp; lower mesocarp fibrous and fleshy.

NOM. VERN.: "andim” (Biak); "diem” (Ku-

rudu). Informant: Thimotaeus Samber of Biak.

HOLOTYPUS: Netherlands Nieuw Guinea,

Biak I., 7 km. n. of Bosnek, in forest of bamboo,

Cyathea, and Ervatamia, 60 m. alt., trees planted

in forest edge, said to have been imported from

Japen Is., 8 Dec. 1957, H. St. John 26,142

(BISH).

Fig. 1. Pandanus biakensis

,

from the holotype. a, Leaf base underside, X V V leaf base margin, X 4;

c, leaf middle underside, X 1; ^ leaf tip underside, 'X. 1; e, phalange, lateral view, X 1; 1 phalange, median
longitudinal section, X 1; g, phalange apex, X 2.
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DISCUSSION: The new section Lateriobtutus

will receive several other species, but it is here

based on a single species. It is distinctive in its

shorter single or single line of proximal carpels

which are the focus of the stigmas of all the

other carpels of each large, oblong phalange.

In the related section Pandanus, the stigmas are

centripetal, focusing on the one or more central

carpels, and the phalanges tend to be sym-

metrical.

SECTION Australibrassia

Pandanus conicus sp. nov.

Fig. 6

DIAGNOSIS HOLOTYPI: Arbor 10 m. alta laxe

ramosa, trunco cum spinis adscendentibus ar-

mato, radicibus inclinatis aereis 40-50 cm. longis

gracilibus multis, foliis 300-325 cm. longis in

base 4.5 cm. latis ligulatis subcoriaceis ad basem

inermibus supra glaucis in sectio transverso late

M-formato sed 10 cm. ex base cum aculeis 1-2

mm. longis 5-10 mm. distantibus crassiter

subulatis adscendentibus pallidis sed apicibus ru-

bris midnervio inerme, in sectio mediale rnar-

ginibus cum aculeis 0.6-1.5 mm. longis 3-10

mm. distantibus subulatis subadpressis pallidis

cum apicibus rubris midnervio infra cum acu-

leis paucis minutis remotis, apice gracile et in

sectio 10 cm. ex apice solum 1.2 mm. lato rnar-

ginibus cum serris 0.5 mm. longis 2-3 mm. dis-

tantibus subulatis pallidis cum apicibus rubris

midnervio cum dentibus simulantibus 0.5-0.7

mm. longis, syncarpiis solitariis pendentibus 24

cm. longis 16 cm. diametro elliptico-ovoideis,

phalangiis ca. 44 et 6-6.2 cm. longis 4-4.4 cm.

latis 3.4-3 =8 cm. crassis pyriformibus com-

pressis 4-6-angulatis lateribus laevibus curvatis

sublucidis suturis lateralibus nullis parte dimidia

supera libera apice 1-2.5 cm. lato truncato, car-

pellis 12-14, apicibus liberis 4-6 mm. longis

anguste pyramidalibus acute angulosis eis cen-

tralibus erectis eis exterioribus cum capite erecto

vel paene divergente vel inflexo, sinibus apicalis

centralibus 4-6 mm. profundis, stigmatibus 1-2

mm. longis irregulariter ovalibus vel rhombicis

obscure brunneis firmis lucidis apicalibus et

plusminusve in lateribus ambis interioribus ex-

Fig. 3. Pandanus biakensis, holotype, spread of spiny prop roots at base. The tree was climbed on steps cut

in a spiny prop root, seen to the right of center.
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Fig. 4. Pandanus biakensis, holotype, syncarp, lateral and median views; also a view of the lower side and

base of a leaf.

terioribusque prolapsis in latere proximo sul-

catis supra sulcum proximum carpelli, endo-

carpio paene supramediale osseoso grande ob-

scure mahogani-brunneo marginibus 3-5 mm.
crassis, seminibus 10-12 mm. longis 3-4 mm.
diametro ellipsoideis, mesocarpio apicale caverno

unico fibroso meduloso formante, mesocarpio

basale fibroso et carnoso.

diagnosis OF HOLOTYPE: Tree about 10 m.

tall, "armed with stout, upturned prickles,”

crown open; prop roots 40-50 cm. long, slender;

leaves 2.7-3.25 m. X 4.4 cm., "glaucous above

at the base,” ligulate but very gradually tapering

to an elongate subulate tip which 10 cm. down
from the tip is only 1 mm. wide; blade firm,

subcoriaceous, the very base unarmed, not di-

lated, but near the base (beginning 10 cm. up)

the margins with prickles 1.5-2 mm. long, 5-9

mm. apart, stout subulate, the tip pale, the base

brownish, ascending at 45°, the nearby midrib

smooth; at the middle the margins with teeth

0.7-1 mm. long, 2-7 mm. apart, ascending at

30°, stramineous or tipped with brown, the

nearby midrib below with a few remote, very

minute, appressed ascending spines; near the

tip the margins and midrib below serrate

with ascending spines 0.3 mm. long, 2—4 mm.
apart; peduncle at least 14 cm. long, leafy

bracted; fruiting syncarp about 24 cm. long,

16 cm. in diameter, elliptic-ovoid, pendent, bear-

ing about 45 phalanges; phalanges 6-6.2 cm.

long, 4-4.5 cm. wide, 2.8-3. 5 cm. thick, slightly

compressed, sharply 4-5 -angled, each side be-

tween the angles a curving plane, somewhat

shining, when dried brown, upper Yi part free,

rounded, or just below the carpel apices slightly

concave, the apex truncate (or very slightly

convex); carpels 12-14 on lateral and principal

phalanges, their carpel apices pyramidal, form-

ing a flat top about 2.5 cm. wide; the outer ones

strongly curving indexed, the inner ones slender

pyramidal, almost symmetrical, with numerous

prominent angles; stigmas centripetal, running

from the apex down the proximal side, those of

marginal carpels 2 mm. long, narrowly elliptic,

creased, those of central carpels 2-3 mm. long,

narrowly elliptic to elliptic, dark, firm, creased
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throughout; endocarp slightly above the middle,

bony, massive, dark mahogany brown, the lateral

margins 4-7 mm. thick; seeds 12-14 mm. long,

4—5 mm. in diameter, ellipsoid; apical mesocarp

with one large cavern with pithy pale mem-
branes and traversed by strong fibers; lower

mesocarp fibrous and fleshy.

HOLOTYPUS: Australia, Queensland, Leo

Creek, Upper Nesbit River, Cape York Penin-

sula, frequent and more or less gregarious, in

rain forest, 420 m. alt., Aug. 16, 1948, L. ]. Brass

19,866 (Brisbane).

DISCUSSION: P. conicus is allocated to a new
section. It is related to P. cochleatus St. John,

here described. A statement of the contrasting

differences is to be found in the treatment of

that species.

The new specific epithet is from the Latin

conicus, conical, in allusion to the shape of the

projecting carpel tips. The sectional name is

coined from Australia, plus Brass, the name of

the collector, in tribute to the numerous and

excellent collections of Pandanus and other gen-

era that he has made.

In describing the lobed tips of phalanges

composed of several partly united carpels, it is

important to describe intelligibly the kind of

lobing. Too many species have been described

with phrases like, shallowly lobed, deeply lobed,

with narrow sinuses, or with shallow sinuses,

though all of these are almost meaningless. A
complication is that often the sinuses gradually

deepen as they approach the outer edges of the

summit of the phalange. For use in this revi-

sion, the writer had adopted the method of

measuring the depth of the apical central sinuses.

The distance is measured from the bottom of

the sinus up to a horizontal line even with the

bottom of the stigma of the nearest carpel. A
measurement could be taken to the top of the

stigma, and this would also be usable. However,

the stigmas are the softest part of a dried pha-

lange, are exposed, and in a large per cent of

the museum specimens are more or less eroded.

Hence the measurement to the base is preferred.

This measurement has been tested on scores of

species and found to provide a character and

one usually of diagnostic value.

Pandanus cochleatus sp. nov.

Fig. 7

DIAGNOSIS HOLOTYPI: Arbor 4-5 m. alta laxe

ramosa, radicibus aereis nullis, foliis 1-1.2 m.

longis 3.2 cm. latis subcoriaceis ligulatis nervis

secundariis fortibus nullis paene in apice subu-

lato diminuentibus supra perglaucis infra ad

basim perglaucis in base integris sed ad 10 cm.

ex base dentibus 1.3-2 mm. longis 2-6 mm. dis-

tantibus subulatis stramineis sed in apice brun-

neis, midnervio inerme, in sectio mediali mar-

ginibus cum dentibus 0.5-1 mm. longis 1-2.5

mm. distantibus subulatis adscendenti-adpressis

turn midnervio cum dentibus simulantibus 0.3-

0.5 mm. longis 2.5-8 mm. distantibus, ad api-

cem marginibus cum serris 0.3-0 .4 mm. longis

1-2 mm. distantibus adscendentibus sed in mid-

nervio serris 2-8 mm. distantibus, syncarpiis ca.

13X11 cm. solitariis pendentibus ovoideo-glob-

osis, phalangiis multis 43-4.5 cm. longis 33-4.2

cm. latis 2.4-33 cm. crassis (sed in phalangio

duplicato 4.1 X 5.7 X 33 cm.) pyriformibus

compressis apice truncate dimidio tarn lato quam
phalangio 4-6-angulosis suturis lateralibus nullis

lateribus laevibus curvatis in sicco pallide brun-

neis sublucidis parte 3/5 supera libera, carpellis

12-16 (28 in duplicato) apicibus 4.5-7 mm.
longis in summo phalangis truncato centrale

aggregatis anguste compresso-pyramidalibus eis

marginalis arcuatis incurvatis acute angulosis eis

centralibus symmetricis et plerumque angustiori-

bus, sinibus apicalis centralibus 4-6 mm. pro-

fundis, stigmatibus 1-1.5 mm. longis centri-
FlG. 5. Pandanus biakensis, holotype, lateral view of

syncarp.



Fig. 6. Pandanus conicus, holotype. a, Phalange, lateral view, X 1; ^ phalange, longitudinal section, X 1;

c, phalange, apical view, X 1; d, carpel apices and stigmas, an inner one at lower right, and three outer ones,

oblique view, X 4; e, leaf base, lower side, X 1; f, leaf middle, lower side, X 1; S> leaf tip, lower side, X 1;

h, leaf tip, lateral view, XI \ h leaf tip, lateral view, X 4.



Fig. 7. Pandanus cochleatus, from holotype. a, Phalange, lateral view, X 1; b, phalange, longitudinal sec-

tion, X 1; ^ phalange, apical view, X 1; ^ carpel apices and stigmas, an inner one at left, and two outer ones,

oblique view, X 4; e, leaf base, lower side, X 1; /> leaf middle, lower side, X 1; S> leaf margin at middle,

X 4; h, leaf apex, lower side, X !•

petalibus ovalibus vel suborbicularibus sulcatis

nigris apicalibus vel subapicalibus in latere prox-

imo apicis affixis et infra apice pallido car-

tilagineo cochleato, apice proximo carpellis infra

stigmate sulco pallido prominento ferrento,

endocarpio mediale osseoso grande mahogani-

brunneo lateribus 3-5 mm. crassis, seminibus

12-14 mm. longis 3-5 mm. diametro ellip-

soideis, mesocarpio apicalis cum cavernis multis

angustis medullosis et cum fibris validibus, mes-

ocarpio basalis fibroso et carnoso.

DIAGNOSIS OF holotype: "Tree, 4-5 m. tall;

stem branched into a tiered, open crown; prop

roots absent; leaves 1—1.2 m. long," 3.2 cm.

wide, subcoriaceous, ligulate, with only one

strong nerve, gradually long tapering to a sub-

ulate apex, this only 3 mm. wide at 10 cm. from

the apex, "above very glaucous and below very

glaucous at base,” at base the margins entire

for 6-10 cm., then with teeth 1.3-2 mm. long,
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2-6 mm. apart, ascending at 45°, subulate,

stramineous but brown-tipped, the basal mid-

rib unarmed; the margins in the midsection

with teeth 0.5-1 mm. long, 1-2.5 mm. apart,

subulate, ascending, closely appressed, of the

same color, the nearby midrib with similar teeth

only 0.3-0. 5 mm. long, 2.5-8 mm. apart; near

the apex the margins with subulate-tipped serra-

tions 0.3-0 .4 mm. long, 1-2 mm. apart, ascend-

ing, of the same color, the adjacent midrib be-

low with similar teeth 2-8 mm. apart; syncarps

about 13 X 11 cm., solitary, pendent, ovoid-

globose; phalanges numerous, 4.3-4.5 cm. long,

33-4.2 cm. wide, 2.4-33 cm. thick (but in a

doubled one 4.1 X 5.7 X 33 cm.), pyriform,

laterally compressed, the truncate apex about

l/z as broad as the phalange, 4-6-angled, lateral

sutures none, the sides smooth, curved surfaces,

when dried light brown, somewhat shiny, upper

3/5 free; carpels 12-16 (28 in a double),

crowded in a flat central apex, the tips 4.5-7

mm. long, narrowly compressed pyramidal, the

marginal ones arcuate, incurving, sharply angled,

the inner ones symmetric and mostly narrower,

the central apical sinuses 4-6 mm. deep; stigmas

1-1.5 mm. long, centripetal, oval to suboricular,

creased, black, apical or subapical, flush on the

inner side of the conical apex below an over-

hanging, cartilaginous, pale, cochleare tip; below

the stigma the proximal crease on the carpel is

prominent and with pale liplike edges; endocarp

median, bony, extensive, mahogany brown, the

lateral margins 3-5 mm. thick; seeds 12-14 mm.
long, 3-5 mm. in diameter, ellipsoid; apical

mesocarp with numerous narrow caverns trav-

ersed by strong fibers and pale medullary parti-

tions; basal mesocarp fibrous and fleshy.

HOLOTYPUS: Australia, Queensland, Cape

York Peninsula, Brown’s Creek, Pascoe River,

frequent in brushy forest on islands in flood

bed of creek, 60 m. alt., July 13, 1948, L. /.

Brass 19M0 (BRISBANE).
DISCUSSION : P. cochleatus is a member of the

section Australibrassia which is a segregate from

the section Vinsonia. Its closest relative is the

Australian P. conicus St. John, from which it

differs by having the prop roots absent; leaves

1-1.2 m. long, 3.2 cm. wide, at midsection the

marginal teeth 1-2.5 mm. apart; syncarp 13 X
11 cm., ovoid-globose; phalanges 43-4.5 cm.

long, the upper 3/5 free; stigmas apical or sub-

apical, flush on proximal side of carpel apex,

under an overhanging cartilaginous cochleate

tip; and the endocarp median. On the other

hand, P. conicus has prop roots 40-50 cm. long,

slender, numerous; leaves 3-3.2 m. long, 4.5 cm.

wide, at midsection the marginal teeth 3-10

mm. apart; syncarp 24 X 16 cm., elliptic-ovoid;

phalanges 6-6.2 cm. long, the upper Yz free;

stigmas apical and overlapping on both proximal

and distal sides of carpel apex; and the endocarp

supramedian.

The new epithet is from the Latin cochlea,

sea shell or snail shell, an allusion to the shell-

like carpel apex that overhangs the stigma.

SECTION Maysops

Pandanus Zea sp. nov.

Fig. 8

DIAGNOSIS HOLOTYPI: Arbor 10-12 m. alta

ramosa cum radicibus fulturosis longis trunco

radicibusque cum aculeis parvis adscendentibus

armatis, foliis 1.5 m. longis 4.2 cm. latis coria-

ceis ligulatis in sectio M-formatis in apice suba-

cuto longiter diminuentibus et in puncto 10

cm. ex apice 14 mm. latis infra pauce glaucis

ad basim marginibus cum subulato-serris 1.5-2

mm. longis 2-4 mm. distantibus in 45° ad-

scendentibus in apicibus brunneis midnervio

exarmato, in regio mediale marginibus cum su-

bulato-serris 0.8-1 mm. longis 2-5 mm. dis-

tantibus in 25° adscendentibus in apicibus brun-

neis midnervio exarmato, ad apicem marginibus

cum subulato-serris 0.3-1 mm. longis 0.5-2 mm.
distantibus, midnervio cum serris simulantibus

sed distantioribus, pedunculis foliosis, syncarpiis

solitariis subpendentibus cum bracteis numero-

sis aurantiaco-luteis amplectentibus et fructu

Zea Mays simulantibus, corpore ca. 33 X 5.5 cm.

apice acuminato viride 20 cm. longo in sectio

mediale cum dentibus aciculatis salientibus 1-

1.5 mm. longis, bracteis interioribus coloratis

navicularibus ellipticis 35 cm. longis 93 cm.

latis in tertia infera cum dentibus aciculatis sal-

ientibus 1-2 mm. longis 1-2 mm. distantibus,

in sectio mediale exarmatis, in tertia supera mar-

ginibus et nervo mediale cum dentis subulatis

0.6-0.9 mm. longis 0.5-1 mm. distantibus ad-

presse adscendentibus, syncarpiis 20-22 cm.

longis 7-7.5 cm. diametro cylindricis obtusis
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luteis, drupis biformatis eis terminalibus 14-17

mm. longis 5 3—9 mm. latis 5-8 mm. crassis

oblanceoloideis pileo 1-2 mm. alto, stigmate

1—1.5 mm. latis exterminalibus lunatis brunneis

in apice syncarpi dirigito horizontale infra sed

exserto ex projectione cartilagineo luteo flabel-

lato sed plerumque 1- 2-lobato, endocarpio cen-

trale 9 mm. longo lateribus 1 mm. latis pallidis

duris cartilagineis sed faciliter in fibris trans-

versis fractis, drupis lateralibus 20-21 mm.
longis 4-5 mm. latis 3.5-4.5 mm. crassis corpore

oblongo-fusiforme, pileo 2-3 mm. alto depresso

convexo marginibus sinuatis, mesocarpio apicale

caverno unico formato, mesocarpio basale in

centro cavernoso in lateribus fibrosis.

DESCRIPTION OF ALL SPECIMENS EXAMINED:

Tree 7-12 m. tall, branched into an open crown,

supported on prop roots about 1 m. long, the

stem and roots "armed with small, sharp, up-

turned prickles"; leaves 1.5-1.72 m. long, 4.1-

4.2 cm. wide, coriaceous, AA-shaped in cross-sec-

tion, ligulate, long tapering to subacute tip, and

10 cm. back from tip only 14 mm. wide, the

lower side somewhat glaucous, almost to the

base the margins with subulate-tipped serrations

1.5-2 mm. long, 2-4 mm. apart, ascending at

45°, tipped with brownish, the midrib unarmed,

at the middle the margins subulate-serrate, the

teeth 0.8-1 mm. long, 2-5 mm. apart, ascending

at 25°, brownish tipped, the midrib unarmed,

near the tip the margins subulate-serrate, the

teeth 0.3-1 mm. long, 0.5-2 mm. apart, the

midrib below with similar but more remote

teeth; peduncles leafy bracted; syncarps solitary,

subpendent, surrounded and completely en-

wrapped by numerous orange-yellow bracts, and

strongly resembling an ear of corn in its husk,

the two outer bracts with the body about 33

X 5.5 cm., then prolonged into an acuminate,

green tip about 20 cm. long which resembles

the leaves, at midsection the salient, acicular

teeth 1-1.5 mm. long; inner colored bracts boat-

shaped, elliptic, 35 cm. long, 9.5 cm. wide,

margins of the lower third with acicular, salient

teeth 1-2 mm. long, 1-2 mm. apart, the middle

unarmed, the upper third with the margins

and midrib with teeth 0.6-0.9 mm. long, 0.5-1

mm. apart, subulate, appressed ascending; syn-

carps 20-22 cm. long, 7-7.5 cm. in diameter,

cylindric, obtuse, yellow; drupes of two shapes,

the terminal ones 14-17 mm. long, 5.5-9 mm.
wide, 5-8 mm. thick, oblanceoloid, ending in

the low convex pileus 1-3 mm. high; stigma

1-2 mm. wide, on pileus but off center, lunate,

brown, facing apex of syncarp and at right

angles to drupe, projecting from under a car-

tilaginous, yellowish visor, fan-shaped but

usually with 1-3 rounded lobes; endocarp cen-

tral, 9-10 mm. long, the sides 1—1.5 mm. thick,

pale, hard, cartilaginous but easily broken into

transverse fibers; lateral drupes 20-21 mm. long,

4-5 mm. wide, 3.5—4.5 mm. thick, the body

oblong fusiform, the pileus 2-3 mm. high, low

convex, its lower margin scalloped; apical mes-

ocarp a single cavern; basal mesocarp cavernous

in the center, fibrous on the sides.

HOLOTYPUS: Australia, Queensland, Cape

York Peninsula, Iron Range, common in hollows

and gullies in rain forest, 20 m. alt., June 22,

1948, L. /. Brass 19,293 (BRI).

SPECIMENS EXAMINED: Australia, Queens-

land, Cape York Peninsula, Leo Creek, Upper
Nesbit River, frequent in a ravine in rain forest,

420 m. alt., Aug. 16, 1948, L. ]. Brass 19,869

(BRI).

discussion: The closest relative is P. am-

boinensis Warb. of the East Indies which has

the leaf margin near the base with divergent

spines, the midrib spiny near the base and at

the middle; pileus apex truncate; stigma under

a projecting entire tooth; and the endocarp

supramedian. On the contrary, P. Zea has the

leaf margin near the base with ascending spines,

the midrib unarmed near base and middle; syn-

carp concealed; pileus apex convex; stigma

under a projecting 2- 3-lobed tooth; and the

endocarp inframedian.

The specific epithet is the generic name Zea

of the cultivated corn or maize, chosen because

of the similarity of the fruits.

Fig. 8. Pandanus Zea, holotype. a, Younger syncarp, X 2/7; b, mature syncarp, X 2/7; c, lateral drupes

from above, X 1; d,e, lateral drupe from above, X 4; f, lateral drupe from side, X 4; g, lateral drupe, side

view, X 1; b, lateral drupe, side view, X 4; i, lateral drupe, longitudinal section, X 4; j, apical drupes, from

above, X 1; k,l, apical drupe from above, X 4; m, apical drupe, oblique lateral view, X 4; n, apical drupe,

lateral view, X 1; o, apical drupe, lateral view, X 4; p, apical drupe, longitudinal section, X 4; q, leaf base,

lower side, X 1; leaf middle, lower side, X 1; s, leaf apex, lower side, X 1-



Studies on Pacific Ferns

Part I. Nomenclature Changes and Distributions of

Some Species of Hymenophyllum, Arthropteris, Microlepia,

Oleandra, and Adiantum

G. Brownlie 1

During a period of study at the Herbarium

of the Royal Botanic Gardens at Kew the author

spent some time examining collections of ferns

from the South Pacific area. It was quickly

apparent that in most groups there is some

confusion in interpretation of the various

species, and the following paper is an attempt

to clear up some of these; points.

GENUS Hymenophyllum

Differences between the specimens examined

and the descriptions appearing in Copeland’s

revision of the genus were noted in some small

species of Hymenophyllum (sens. lat.). Con-

sequently a detailed examination of this group

was undertaken, with particular reference to

those species possessing fronds with serrated

margins which Copeland distinguished as Mer-

ingium and Hymenophyllum

.

The following ob-

servations, which are the result of these investi-

gations, amount to a further revision of this

group for the South Pacific region, excluding

Australia and New Zealand. The present author

prefers to retain, in the meantime, the generic

name Hymenophyllum for all the species con-

cerned, as he is not convinced of the validity of

Copeland’s distinguishing characters.

FIJI

Hymenophyllum affine Brack.

Hymenophyllum affine Brack. Expl. Exped.

16, 265, 1854.

Trichomanes macgillivrayi Bak. Ann. Bot.

5, 195, 1891.

The original description of this Fijian species

1 Botany Department, University of Canterbury,

Christchurch, New Zealand. Manuscript received April

20, 1959.

by Brackenridge states "sori few on upper half

of the fronds—two-valved for 36 of its length,

obovate, lips entire,—receptacle short, included,”

while Baker describes his species as "sori one

to a pinna near the base on the upper side

—

indusilum with a campanulate tube and sub-

orbicular entire lips.” These two descriptions

are not dissimilar, and a comparison of Baker’s

type material with the illustrations of Bracken-

ridge’s specimen tends to support the idea that

these two are in fact the same species. Baker’s

statement that his material was glabrous is not

supported by an examination of the type, which

has hairs on the stipe, lower rachis, and rhizome

similar to those illustrated by Brackenridge. The
difference in size between the two forms

described is bridged by later collections from

Fiji, and Baker’s specimen seems to be a large

example only.

Specimens examined (all from Fiji): Mc-
Gillivray unnumbered (Kew, Baker’s type);

Parks 20040 (Kew, B.M.2
); A. C. Smith 1368

(Kew); H.M.S. Herald Bot. No. 138 (Kew);

H.M.S. Herald Bot. No. 286 (Kew).

Hymenophyllum pseudotunhridgense Watts.

Hymenophyllum pseudotunhridgense Watts.

Proc. Linn. Soc. N.S.W. 39, 766, 1915.

Hymenophyllum macgillivrayi (Bak.) Copel.

Philipp. J. Sci. 64, 60, 1937.

In his section on H. macgillivrayi Copeland

quotes Baker’s description of Trichomanes mac-

gillivrayi, and supplements this with a further

description based on a collection by J. Horne

1877-78, illustrating this on plate 38. This

illustration perfectly matches further Horne

material at Kew which is distinct from Baker’s

T. macgillivrayi. The involucre is longer and

2
British Museum (Natural History).
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narrower in the Horne material and the recep-

tacle is markedly extruded. Copeland has thus

confused two quite distinct Fijian species under

the name Hymenophyllum macgillivrayi. A com-

parison of the Horne material with species from

surrounding areas shows that it is almost iden-

tical with H. pseudotunhridgense from Queens-

land, and consequently this name should be

given to the form illustrated by Copeland as H,

macgillivrayi.

Specimens examined ( all at Kew )
:

Queens-

land, Bailey unnumbered; Fiji, Horne 983 in

part, 1076, and unnumbered; A. C. Smith 5713.

Hymenophyllum denticulatum Sw.

Hymenophyllum denticulatum Sw. Schrad.

Journ. 1800/2, 10, 1801.

This species is quite distinct from all other

small Fijian members of the genus in the posses-

sion of a conspicuous wing along the whole

rachis.

NEW CALEDONIA

Hymenophyllum subdimidiatum Ros.

Hymenophyllum subdimidiatum Ros. Meded.

Rijks-Herb. Leiden no. 11, 1, 1912.

Hymenophyllum viride Ros. Copel. Philipp.

J. Sci. 64, 59, 1937.

In his treatment of this species Copeland

quotes Rosenstock’s description and mentions

the type material as Schlechter 14799, which he

states he has not seen, but in the same paper

he publishes the new species H. viride from

material with the same collection number. The
plate illustrating this species shows it to be the

same as Rosenstock’s original description and

the same as a cotype (Schlechter 14799) at

Kew.

It is doubtful whether or not this species is

distinct from H. pseudotunhridgense

,

for, al-

though no markedly extruded receptacles were

noted, the involucre shape is the same and the

general appearance of the plant is very similar.

However, until a greater amout of comparative

material is available it is perhaps better to re-

tain the species.

Material examined: Schlechter 14799 (Kew);

Balansa 2701 (Kew, B.M.).

Hymenophyllum dimidiatum Mett.

Hymenophyllum dimidiatum Mett. Kuhn.

Linn. 35, 393, 1868.

This species is somewhat larger than the

preceding one and is distinct in the possession

of a serrated involucre. An examination of the

type material shows this fern is not glabrous,

as appeared in the original description, but has

hairs on the stipe and rachis. In fact, no glabrous

species was noted among the groups discussed

in this paper.

Specimens examined: Deplanche in Herb.

Lenormand (Caen); Vieillard 2258 (Kew,

B.M.).

Hymenophyllum piliferum C. Chr.

Hymenophyllum piliferum C. Chr. Vjschr.

Naturf. Ges. Zurich 70, 221, 1925.

Christensen separated this from H. dimid-

iatum on the basis of the hairs on stipe and

rachis but, as noted above, the type material of

that species is not glabrous. However, it is felt

that it should be retained as a valid species on

the grounds of its more open growth form and

much smaller size. It is similar to H. subdi-

midiatum in form and size but has the serrated

involucre of H. dimidiatum . Copeland included

specimens assigned to this by Christensen in his

examples of H. dimidiatum and ignored Chris-

tensen’s species completely.

Specimens examined: Franc 1450 in Herb. C.

Christensen (B.M.); Rosenstock 133 (B.M.).

Hymenophyllum pumilio Ros.

Hymenophyllum pumilio Ros. Fedde Repert

9, 72, 1910.

This is a very reduced species somewhat sim-

ilar to H. minimum of New Zealand, but lack-

ing the spines found on the sides of the sorus

in that species. It cannot be confused with any

other New Caledonian fern.

SAMOA

Hymenophyllum praetervisum Christ.

Hymenophyllum praetervisum Christ. Engl.

Jahrb. 23, 338, 1896.

This is the only small species in this section
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in Samoa and is quite distinct from the Fijian

and New Caledonian forms in having the sori

free from the pinnae and not in any way im-

mersed.

LORD HOWE ISLAND

Hymenophyllum moorei Bak.

Hymenophyllum moorei Bak. Syn. Fil. 464,

1874.

Hymenophyllum pumilum C. Moore, Copel.

Philipp. J. Sci. 64, 91, 1937 (in part).

Copeland united the Australian H. pumilum

and the Lord Howe Island H. moorei

,

disre-

garding the distinctions noted by Baker in the

original descriptions. A comparison of both

types at Kew shows that the sori in the Aus-

tralian material are terminal, not immersed at

the base, and have valves slightly serrated at

the apex, while the Lord Howe Island spec-

imen has lateral sori, immersed at the base, and

with conspicuously toothed valves. The distinc-

tion in position of the sori is alone sufficient

to retain the two as separate species. Cope-

lands illustration (pi. 45) figures H. moorei,

not H .
pumilum.

Specimens examined: C. Moore unnumbered

(Kew ) ,
Baker’s type.

Hymenophyllum howense Brownlie n. sp.

Rhizoma longe repens, sparsis et rufis pilis

ornatum; stipes filiformis, 2 ad 4 cm. longus,

ad basem pilosus; frondes usque ad 5 cm. altae,

2 cm. latae, lineares ovatae, tri-quadri-pinnatif-

idae; segmentis usque ad 2 cm. longis, angustis

linearibus, inconspicue serrulatis; sori in apici-

bus segmentorum breviorum, non immersi, in-

dusio suborbiculari, labiis integris, receptaculo

exserto.

Rhizome creeping, with scattered multicellu-

lar rugose hairs which sometimes occur in

clusters at the base of the stipes and at branch

junctions. Stipe filiform, 2-4 cm. long, with

scattered hairs similar to those on the rhizome.

Fronds up to 5 cm. long and 2 cm. wide at the

widest point, linear-ovate in outline, flabellately

3 or 4 pinnatifid. Divisions narrow, linear, up

to 2 cm. long, obscurely serrate. Sori mostly on

upper half of frond, terminal on short segments,

not immersed. Involucre suborbicular, cleft more
than half way to the base. Lips entire, receptacle

extruded.

Lord Howe Island, Mt. Gower, at a high al-

titude. C. Moore No. 4 (Kew).

This species is related to H. pseudotunbridg-

ense Watts, but is distinguished by the relatively

wide frond and very long, narrow segments.

The segments are narrower and longer than

those of H. subdimidiatum Ros., to which it

also appears to be related.

The remainder of this paper consists of a

varied assortment of ferns in which confusion

exists either as to specific distinctiveness or as

to geographical range.

Arthropteris neocaledonica Copel.

Arthropteris neocaledonica Copel. Sargentia

1, 4, 1942.

This has been distinguished from A. tenella

(Forst. f.) J. Sm. by the possession of black

instead of brown scales, and in having the posi-

tion of the sorus well marked on the upper

surface. An examination of collections at Kew
shows the last character to be of doubtful value,

but the distinctive colour of the scales is in fact

-consistent for all New Caledonian material. This

contrasts very clearly with the light chestnut-

brown scales of New Zealand and Norfolk Is-

land specimens. Many of the collections from

New Caledonia had previously been identified

as A. tenella, and the geographical range of that

species given in Christensen’s "Index Filicum”

includes that island, but the characteristic scale

colouring was observed on all specimens from

there. It seems best then to distinguish two

species, geographically separated, Arthropteris

tenella in New Zealand and Norfolk Island, and

A. neocaledonica confined to New Caledonia.

Microlepia speluncae (L.) Moore var. exserta

Mett.

Davallia speluncae var. exserta Hk. and Bak.

Syn. Fil. 470, 1864.

Microlepia exserta Mett. Kuhn Linn. 36, 148,

1869; C. Chr. Ind. Fil. 426, 1906.

An examination of material of M. speluncae

from the Pacific islands shows the distinguish-
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ing character of this variety, the extruded re-

ceptacle, to be present only in some material

from Fiji, and in that area the degree of extru-

sion varies considerably. Other Fijian specimens

do not have the receptacle extruded at all. In

view of the range noted in this character, and

the fact that it is not consistent, it is better

to regard this as no more than a variety re-

stricted to Fiji.

Oleandra neriiformis Cav.

Oleandra ciliata Kl. Kuhn Linn. 36, 126,

1869; C Chr. Ind. Fil. 466, 1906.

Christensen has already reduced many of the

Pacific forms of Oleandra to synonyms of the

widespread O. neriiformis, and an examination

of a cotype of this species at the British Museum
of Natural History shows that it does not go out-

side the range of characters now accepted for

that species.

Adiantum novae-caledoniae Keys.

Specimens of Adiantum from New Caledonia

seem to have been variously identified as A.

novae-caledoniae Keys., A. aneitense Carr., and

A. fulvum Raoul, without any clear idea as to

the distinguishing characters, if any, of these

three species. A detailed examination of material

from Aneitum, New Caledonia, Norfolk Island,

and New Zealand shows that they are not only

easily distinguished morphologically, but are

geographically isolated. All material from New
Caledonia lacks rugose hairs on the upper sur-

face of the pinnae, and the pinnules are usually

markedly attenuated. These represent A. novae-

caledoniae. Specimens from Aneitum also are

glabrous on the upper surface and are sub-

glaucous beneath, a character which is still very

apparent in dried examples and which is not

found in material from other areas. They also

lack the definite lobing on the lower edge of the

pinnules which is found in New Caledonian

specimens. These form A. aneitense. A. fulvum

as represented by material from New Zealand

and Norfolk Island has rugose hairs on the up-

per surface of the pinnae, a character not noted

in any material from New Caledonia ascribed

to this species. A summary of this discussion is

given here.

Rugose hairs on upper surface of pinnae A.

fulvum (New Zealand and Norfolk Island )

.

Rugose hairs absent on upper surface:

Pinnae subglaucous beneath

...A, aneitense (Aneitum).

Pinnae not subglaucous beneath.

A. novae-caledoniae (New Caledonia).

SUMMARY

The small serrated-frond species of the genus

Hymenophyllum are revised for the South Pa-

cific islands region, and the morphological char-

acters and distributions are clarified for one

species of Arthropteris and three of Adiantum,

while one species of Oleandra is reduced to

synonymity, and a species of Microlepia is re-

duced to varietal rank.
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Remarks on the Succession of Bryophytes on Hawaiian Lava Flows

Harvey Alfred Miller 1

The Hawaiian Islands are well known for

their volcanic origin and for continuing vol-

canic activity on the largest island, Hawaii. On
May 13, 1955, Hawaii experienced a volcanic

eruption and lava flow of considerable magni-

tude. Professor Maxwell Doty undertook a series

of surveys to outline the plant succession on

this new flow.2

The first bryophyte was observed and col-

lected at about a 950-ft. elevation on December

20, 1955, when a tiny juvenile colony of

Carnpylopus introflexus (perhaps C. boswelli,

though this species was not collected later) was

discovered in the folds of lava blisters. A sub-

stantial portion of the collection was sent to me
in half of a foil chewing-gum wrapper—which

indicates the extreme youth of the colony. The

individual plants were 3-5 mm. high, or about

the length of IV2 leaves. On February 22, 1956,

Carnpylopus densifolius, in about the same stage

of development as the first moss collected, was

taken at about 900 ft., in the Kamaili Home-
steads at Puna. In late March more colonies of

C. densifolius were discovered on the lilewa

flow, and C. exasperatus was discovered growing

on old lava adjacent to the new flow. Specimens

of apparently living Macromitrium owahiense

were collected from the bark of a Metrosideros

( Ohia lehua) tree which had been killed by

the encroachment of hot lava. In August, Cam-

pylopus introflexus was found on the flow about

p2 mi. east of McKenzie Park. In subsequent

collections this species seemed to be established

in several places on the new flow. Two species

previously unrecorded for the lilewa flow were

discovered at about 950 ft. in April, 1957, and

Rhacopilum cuspidigerum and Rhacomitrium

lanuginosum var. pruinosum were added to the

1 Department of Botany, Miami University, Oxford,

Ohio. Publication of this paper has been aided by

NSF Grant G7115. Manuscript received March 4,

1959.
2 This study was aided by NSF Grant G1922.

growing list of pioneer bryophytes. The Decem-
ber, 1958, collections contained Carnpylopus

exasperatus and Vunaria hygrometrica, along

with species previously found on the flows.

In general, exposed lava flows support few

species of bryophytes and these are restricted to

protected crevices or small shaded niches. The
several species of Carnpylopus establish them-

selves rather readily in lava under climatic condi-

tions of the type favorable for the growth of

Metrosideros. It is of interest that Carnpylopus

fumarioli becomes established in the steam fis-

sures at Kilauea. In Hawaii, species of Campylo-

pus appear to play a significant pioneer role in

rock succession and are often found on rocks

devoid of other plants. Rhacopilum cuspid-

igerum is the most ubiquitous moss in Hawaii

and with its obviously great range of tolerance

would be expected to be a pioneer species on

new lava as well as on older rocks. It produces an

abundance of spores throughout the year, which

is another factor favoring rather rapid establish-

ment in unoccupied habitats in frost-free re-

gions.

Rhacomitrium lanuginosum var. pruinosum

has a much greater altitudinal range than Rhac-

opilum and is found in more exposed situations.

The upper half of each leaf is hyaline and the

striking silver-grey tufts of Rhacomitrium can

be easily seen and recognized. Above 8,000 ft.

on the barren lava flows of Mauna Loa this

species of Rhacomitrium and Grimmia tricho-

phylla are the only plants to be found. I have

collected both of these mosses on the unexposed

sides of lava clinkers at 11,000 ft. The Rha-

comitrium has been collected at the summit of

Mauna Loa by several people. In spite of its

great tolerance of seemingly arid conditions,

Rhacomitrium plays an important role in bog

formation in the Alakai Swamp on Kauai. It is

suggested that the acid nature of the bog may
represent a physiologically, though not phys-

ically, arid habitat with the cloud moisture
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characteristic of mountain tops. Comparative

physiological studies of several populations

would be most interesting in this regard.

The species of Campylopus
,

Rhacopilum,

Rhacomitrium

,

and Grimmia previously men-

tioned are true pioneers which establish them-

selves on bare lava rock. However, other mosses

appear on relatively new lava flows in pockets

where dust collects to form a minute patch of

soil. The plants which colonize this type of

microhabitat are mosses of world-wide distribu-

tion which might aptly be called "weeds.”

Funaria hygrometrica is the only such species

found in Doty’s collections, although Bryum

argenteum and Ceratodon purpureus have been

found on essentially barren lava flows in sim-

ilar circumstances.

The classical concept of lichen-moss-herb-

shrub-tree succession does not apply in Hawaii

on new lava flows. Mosses are true rock pioneers

and lichens are rather limited in their establish-

ment. In general, a few species of bryophytes

become established in suitable microhabitats

and never form an extremely conspicuous part

of the vegetation. In fact, it would seem to one

who has observed Hawaiian lava flows that

plants are established wherever and whenever

suitable habitats exist for the disseminules which

reach these habitats. Thus, no exact plant suc-

cession of one plant replacing another can be

established. With the establishment of vascular

plants, new microhabitats become available and

such moss species as Macromitrium brevisetum,

M. emersulum, Fissidens spp., Bryum spp., Pohlia

spp., Ectropothecium sandwichense, and Ves-

icularia graminicolor become established on rock

in mesophytic regions. Often the leafy liverwort

Brachiolejeunea sandvicensis becomes estab-

lished at the same time as the mosses listed

above. Another liverwort, Riccia rechingeri, was

recently discovered in soil pockets in the Kau
desert and may be discovered in similar hab-

itats on newer flows. As soil is necessary for

the growth of this plant, it probably should not

be considered a true pioneer species.



Mycorrhizal Infection of Germinating Seedlings of

Nothofagus solandri var. cliffortioides (Hook f.) Poole

B. C. Arnold 1

In THE COURSE of studying the anatomy of roots

of the evergreen tree, Nothofagus solandri var.

cliffortioides, regular observations were made
on the natural germination of seedlings in a

small tract of forest in the vicinity of the Uni-

versity of Canterbury Mountain Biological Sta-

tion at Cass. The area concerned is about 2

acres in extent, at an altitude of 2,000 ft. above

sea level, isolated in a gully from the main

forest areas of N . solandri var. cliffortioides

which dominate the wetter mountainous region

a few miles to the west. Rainfall over a 12-

month period was 47.9 in. The soil is a mixture

of clay and greywacke covered by humus and

moss. Growth of the seedlings was inspected at

fortnightly intervals over a period of 18 months.

The mycorrhizas of N. solandri var. cliffort-

ioides are similar in a general way to those of

Fagus sylvatica (Harley, 1937: 421-423) but

are somewhat smaller, and do not give rise to

the "intense racemose” type (Harley, 1937:

421-423).

Four months after germination had com-

menced, a drought of more than 2 weeks was

encountered, during which newly formed my-

corrhizas shrivelled, many seedlings wilted, and

a large proportion died. It was not apparent

whether this circumstance had any radical in-

fluence on the degree or course of subsequent

mycorrhizal infection.

Microscopic examination was made of intact

root and mycorrhiza surfaces as well as of

serial transections and longisections, in an at-

tempt to follow the pattern of mycorrhizal in-

fection of the seedlings. The present investiga-

tion was incidental to anatomical studies of my-

corrhizas to be reported elsewhere.

1 Department of Botany, University of Canterbury,

Christchurch, New Zealand. Manuscript received April

24
, 1959 -

GERMINATION AND INFECTION

At the time of the emergence of the radicle,

in spring, the blackened seed coat was gen-

erally enmeshed in mycelial threads of several

different types. The testa was intact except at

the point of emergence of the radicle, but in a

state of superficial decay. In serial microtome

sections of the seed, no sign of fungal infection

of the expanding embryo was to be seen.

As the radicle grew ahead through moss or

leaf mould, hyphae of different colour and form

traced rather sparsely over the smooth surface

of the root, which maintained a fairly constant

diameter of about 0.75 mm. With the appear-

ance of the piliferous layer, however, a more
copious growth of fungi took possession of the

radicle and became inextricably entangled in the

elongating root hairs.

Clamp connections were evident in several

of the different types of fungi. Among these

was a species constantly present and notable

for its long, solitary hyphae, even septation, dis-

tinct clamps, and thick golden-brown walls. This

fungus appears to have no role in the formation

of N. solandri var. cliffortioides mycorrhizas, al-

though it may be a regular occupant of the

rhizosphere of the tree.

Regions of the radicle lacking root hairs were

less densely overgrown with fungi than was the

piliferous zone.

After 3 or 4 weeks growth of the seedlings

(by which time the cotyledons were well ex-

panded), broad sheets of coherent hyphae, in

roughly parallel strands, were found connecting

the seedling roots with mycorrhizas of nearby

trees, from which they had apparently emanated.

Most of the fungal wefts joining old my-

corrhizas and the root surface of seedlings were

white or colourless. In the course of growth, the

radicles came also in contact with violet, yellow,
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and brown hyphae which nevertheless did not

appear to lead to infection or any definite pat-

tern of association.

Radicles in many cases achieved a length of

40 mm. without the appearance of branch roots.

Up to this stage, no penetration of roots by

hyphae was found though aggregates of my-

celium formed in some cases a superficial collar-

like layer anterior to the root-hair zone.

Invasion of the radicle had not so far begun.

After 6 or 7 weeks, usually at a time when
leaves were expanding above the cotyledons,

branch roots became obvious to the naked eye.

A considerable proportion grew ahead free of

infection, but others were attacked at the tips,

as they emerged at the surface, by hyphae massed

in a layer along the radicle. Microscopically the

laterals so-enveloped by hyphae bore all the

characteristics of mycorrhizas. As subsequent

laterals reached the root exterior, some were

transformed into mycorrhizas and others grew

ahead, unimpeded, as nonmycorrhizal roots.

In microtome sections of the radicle, no in-

dication was found of intracellular penetration

between mature epidermal cells. In emerging

branch roots, intracellular penetration between

epidermal cells was found only following radial

elongation of the cells of the epidermis. This

modification of the epidermal cells appears to be

a necessary preliminary condition for penetra-

tion by the mycorrhizal fungus. The prior ag-

gregation of mycelium around the root-growing

point to form a sheath appears to so alter the

development of the epidermis as to enable later

penetration.

From the earliest stages of mycorrhiza forma-

tion there was a tendency for the root apical

meristem of thicker mycorrhizas to burst

through the fungal mantle and to continue

growth free of infection. Such recovery was not

abundant at first but after 3 months became

frequent.

By mid-summer, mycorrhizas were present on

most seedlings, though most radicles and a

proportion of branch roots remained uninfected.

MYCORRHIZAS OF TRANSPLANTED SEEDLINGS

Transplanted mycorrhizal seedlings which

were grown out-of-doors in pots in a friable

mixture of oak-leaf mould, sand, fine gravel, and

loam, continued to form mycorrhizas of a large

"simple” type (Harley, 1937: 421-423) over a

period of 3 years.

With kitchen garden loams, results were

variable. In heavier loams, large uninfected roots

predominated. Mycorrhizas were abundant in

lighter loams.

In pits of pure river sand, about 2 ft. deep

and 3 ft. wide, set in sandy soil, numerous fine

and often distorted roots were formed, but

mycorrhizas were rare.

When mycorrhizal seedlings were trans-

planted to pots containing vermiculite watered

with a nutrient solution, no mycorrhizas were

found after 6 months. The solution used was

a basal medium devised by Melin and Nilsson

(1950: 89) for mycorrhizal pine seedlings,

with glucose and thiamine omitted.

DISCUSSION

It appears that the mycorrhizal association in

N. solandri var. cliffortioides reaches its highest

intensity where humus is abundant. In some

situations, such as boggy ground and clay, roots

generally lack mycorrhizas, and in the case of

transplanted seedlings mentioned above the as-

sociation may be lost, indicating that the bal-

ance of interacting growth between fungus and

root is quite susceptible to variations in the

edaphic conditions.

When the circumstances are favourable, how-

ever, it is apparent that massed colonization of

the root surface of germinating seedlings is a

necessary preliminary stage in the course of my-

corrhizal infection. Solitary mycorrhizal hyphae

appear not to be able to penetrate the root

epidermis.

The presence of sheets of mycelium along

the radicle surface results in inhibition in growth

of some emerging laterals, accompanied by a

radial elongation of developing epidermal cells.

Subsequent to this change in the epidermis,

hyphae are able to effect intercellular penetra-

tion, and a mycorrhiza results. It is possible

that inhibition and modification of root growth

is due to secretions of auxin by the mycorrhizal

fungus (Slankis, 1950: 40-44).

Lack of sufficient "inoculum potential” (Gar-
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rett, 1956: 41) of the fungus, or a waning in

the secretion of auxin, may account for the re-

covery from infection of some roots, which are

then capable of bursting through the mantle and

resuming extended growth.

SUMMARY

The root surface of germinating seedlings of

Nothofagus solandri var. cliffortioides was found

to be colonized at an early stage by superficial

sheets of mycelium, but intracellular penetration

was not apparent until the stage of emergence

of lateral roots. Radial elongation of epidermal

cells was always found to precede penetration

by the mycorrhizal fungus. The presence of

massed hyphae over the root-growing point ap-

pears to be necessary for the transformation of

the root into a mycorrhiza.
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Linear Discriminant Analysis

Robert H. Riffenburgh 1 and Charles W. Clunies-Ross 2

The problem to be considered here is that of

identifying, or of classifying, an observed in-

dividual as being a member of one of two

"populations/’ This problem arises in some form

in most sciences. A recent example is the prob-

lem, associated with certain international ten-

sions, of classifying salmon caught in the North

Pacific fishery as having arisen from the Asiatic

or American salmon populations.

The populations are to be considered as giving

rise to observable individuals each of which

may be (partially) characterized by a set of

k measurements. The measurements of individ-

uals from either population are distributed as

if they were independent observations on a

multivariate distribution of probability. These

distributions are assumed to be multivariate

normal, with known parameters, for each pop-

ulation.

1. Statement of the Problem

When an individual is misclassified, there may
or may not be loss functions associated with the

misclassification. For the problems of this paper

explicit results are not obtainable for general

loss functions; we shall assume loss functions to

be constants. Let us designate as a the loss as-

sociated with misclassification of an individual

from population I and as (3 the loss associated

with misclassification of an individual from

population II; a, /3 > 0. Also, there is the ques-

tion of whether or not anything is known about

the mixed population from which the individual

to be classified is drawn; in particular, whether

or not there are known a priori probabilities,

1
Present address: Department of Mathematics, Uni-

versity of Hawaii. This paper is a portion of a disser-

tation submitted in partial fulfillment of the Ph.D.

degree at the Virginia Polytechnic Institute; research

was in part sponsored by the National Cancer Institute

of the U. S. Public Health Service. Manuscript received

June 8, 1959.
2
Virginia Polytechnic Institute, Blacksburg, Virgi-

nia. Research was sponsored by the National Science

Foundation under grant NSF-G-1858.

under a random drawing, that an individual be-

longs to either of the parent populations. Let us

designate the prior probabilities as p for popula-

tion I and q m 1 — p for population II.

It follows that there are four levels of the

classificatory problem to be considered:

(1.1) ( a ) with loss functions and prior

probabilities

(1.2) (b) with prior probabilities only

(1.3) (c) with loss functions only

(1.4) (d) with neither

Misclassifications are undesirable; however,

there are no adequate common units in which

the "undesirability” can be measured for all of

the above levels. At each level there are two

quantities for which some form of joint mini-

mization is desired, viz.:

(1.5) (a) apPi, /JqPn
(1.6) (b) pPi, qPn
(1.7) (c) aPL pFn
(1.8) (d) Pi, Pii

where Pi is the probability that a random in-

dividual of population I is classified as having

arisen from II, and Pn is the probability that

a random individual of II is classified as having

arisen from I.

These four pairs of quantities will be referred

to indiscriminately as "error quantities.”

Now either error quantity of a pair may be

reduced to zero, but not both jointly. Thus, joint

minimization of the error quantities is, to a

certain extent, arbitrary. While various specifi-

cations of joint minimization can be formulated,

the more reasonable are those which have al-

ready been proposed elsewhere in the literature,

viz.:

(i) joint minimization may be specified as

that which minimizes the sum of error

quantities; let us denote this criterion as

"minisum”;

(ii) joint minimization may be specified as

that which minimizes the larger of the

error quantities; let us denote this cri-

terion as "minimax.”
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The first of these was introduced on level ( a ) by

Brown (1950) and the second introduced on

level (b) by Welch (1939). There has been

more recent work on discriminant analysis, some

of which is at levels similar to this treatment,

but little seems applicable as the risk functions

are not well defined.

Each of these specifications leads to the choice

of one out of a family of quadratic discrimina-

tors. However, there are two related major dif-

ficulties: one is the determination of which

member of the family is appropriate (for the

minimax solution), and the other is that the

integrals giving Pj and Pn cannot be evaluated

explicitly (for either solution), and no tables

are available for the resulting Pi and Pip

If the variance-covariance matrices of the two

populations are equal, the quadratic discrimi-

nator reduces to a linear discriminator; the in-

tegrals for Pi and Pn may then be reduced to

the incomplete integral of the standard normal

density. This is always true for any linear dis-

criminator.

If we let A be a row vector of direction num-

bers, X be a row vector of variables (represent-

ing the possible measurements on the indi-

vidual), c be a constant, and let primes denote

transposition, then a linear discriminator may

be written:

(1.9) AX' = c.

We lose no generality if we number the popu-

lations such that the individual represented by X
is classified into population I if AX' < c and

into population II if AX' c.

Let (mi, cri
2
), (m2 ,

cr2
2
) be the mean and

variance of AX' when X is distributed as in

populations I, II, respectively. Then it follows,

using an obvious notation, that:

A is well known (see, for example, Fisher,

1936), being the inverse of this common matrix

multiplied by the vector of difference means.

When the variance-covariance matrices are not

equal but are proportionate, then the correspond-

ing A ( using either of the matrices ) is still op-

timum under both the minisum and minimax

criteria.

In many fields the assumption of propor-

tionate but not necessarily equal variance-

covariance matrices is not unreasonable. This

situation occurs, for example, in marine biology.

The Hawaiian tunas ahi ( Neothunnus macrop-

terus ) and ahipahala ( Thunnus alalunga ) are

similar in most respects, but the ahi is a larger

and more complex fish. If weight, fork length,

lengths of second dorsal and anal fins, and the

ratio of the length of the pectoral fin to the

fork length (which varies inversely as the first

four variables ) are taken to be the variables, the

population variance-covariance matrices for the

ahi and ahipahala are (expected to be) propor-

tional but unequal. Another example is cited in

the literature, although only two variables were

used. Mottley ( 1941 ) found that the variances

and covariance for head and body measurements

of trout ( Salmo gairdnerii kamloops) stocked

in two Canadian lakes were proportional.

The optimum A for general dispersion ma-

trices is not easy to derive. This problem is con-

sidered in another paper by the authors ( I960)

.

The current paper considers optimum c for

given A and thus in what follows it is only

necessary to consider that A has been deter-

mined either by the methods mentioned above

or arbitrarily.

3. The Constant c for Minimized Error

Quantities

(1.10) P
I

N(0 , 1) dx:

(
1 . 11

)

2. The Appropriate Linear Function

For the case when the distributions have

identical variance-covariance matrices, the vector

We lose no generality if we let m2 > mi
and a2 ^ o-i. The designation of the population

having the larger standard deviation as popula-

tion II is arbitrary. We may then make a scale

transformation of ± 1, whichever is necessary

to obtain m2 > mi.

We now wish to obtain expressions for the

constant c which will minimize the error quan-

tities under the minisum and minimax criteria,

respectively.
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Consider apPj + /3qPn-

(3.1)
+ /JqPn )

iTS +. HR31
• o- V(2 tt)

Equating the derivative to zero and rearrang-

ing, we obtain

which is a quadratic in c with minisum c as

roots

:

(3.3;): c(ms) r^[vn
1
- <r

i
m

2

r

i'
T

2 ^
m

2
-m

1
)

2
-2 (

or

2-“'i

Equation (3.3) has three possibilities:

( 1 ) when there are no real roots,

(2) when no roots fall in (mi,m2 ),

and

(3) when one and only one root falls

in (rrii,m2 )

.

If a root should fall at one of mi,m2 ,
this may

be considered as a limiting case of situation

(2). Situation ( 1 ) is trivial; all individuals are

classified into one population. In situation ( 2 )

,

linear discrimination is not very helpful; quad-

ratic discrimination is indicated. In these situa-

tions, possibly ( depending on parameters ) there

is no discrimination which will be much of an

improvement over the classification of all in-

dividuals into one population or a purely ran-

dom classification. Thus, situation (3) will be

considered in this paper.

When a root falls in (mi,m2 ) ,
this is the

root which minimizes apPj + /3qPn, and is

therefore the root desired. The other root max-

imizes apPi + /?qPn and therefore will not be

used. Since a2 has been arranged to be greater

than o-i, and the smaller root is less than mi,

the positive square root is required. When
= cr2 ,

c (ms ) is the root in (mi,m2 ); the other

root is infinite.

Consider now the minimizing max (apPj,

/3qPlI ) . apPj and /3qPn are monotonic, decreas-

ing and increasing respectively, in c; and, there-

fore, the desired c is located such that apPj =

/3qPjI. An explicit result will not be found in

general, since the integrals have not been eval-

uated explicitly. If ap =r /3q, we have the in-

tegrals identical except for upper limits of in-

tegration, and apPj = /3qPji reduces to

Solving, we obtain a minimax c:

(3.5) c(mx) = - 1 2 LI
.

°2 + <r

i

It should be noted that if — o-2 and ap

=r /?q, both c(ms) and c(mx) reduce to a c

dependent upon only the centroids,

This c(m) is the population analogue of the

c introduced for samples by Barnard (1935)

and Fisher (1936) and currently used in linear

discriminant analysis.

4 . A Discussion of Levels and As

The results (3.3) and (3.5) apply for the

case in which loss functions and prior prob-

abilities are known, i.e., (1.1). When either or

both of these quantities are unknown, cor-

responding to (1.2), (1.3), or (1.4), the cor-

responding error quantities considered are given

by (1.6), (1.7), or (1.8) respectively. The re-

sults corresponding to (3.3) and (3.5) are ob-

tained readily by the following substitutions in

(3.3)

and (3.5):

(1.2) 'prior probabilities only”: a = ft = 1

(1.3) "loss functions only”: p = q = 1

(1.4) "neither”: a =
i
fi = p = q=l.

For level (a), where both prior probabilities

and loss functions are known, the risk may be

measured and specified. If the total risk is to

be minimized, then c(ms) is the appropriate

constant. If the risk is to be minimized, subject

to the restriction that risks from each source

are to be equal, then c(mx) is the appropriate

constant.

For level (b), where prior probabilities only

are known, then c ( ms ) minimizes the condi-

tional probability of misclassification. However,

if classification is only part of the problem at
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hand, then it may be desirable, in order to avoid

bias in later stages, say, to minimize, subject

to equalizing the probabilities of the two types

of misclassification; here c(mx) is the appro-

priate constant.

For example, consider a merchandizing situa-

tion. If the problem is to allocate a limited ship-

ment of goods to two branches of the same

store, the same management suffers the loss

from understocking either branch, and c(ms)

is the appropriate constant to use in specifying

the quantities of goods to go to each branch.

On the other hand, if the problem is to equalize

buyer-seller risk, as in the case of an inde-

pendent mediator handling quality control, then

c(mx) is the appropriate constant to use in

specifying the acceptable level of quality.

For levels (c) and (d), the error quantities

are in no sense absolute quantities. Here c(mx)
will be the most reasonable constant to use,

since under the minimax solution the expected

numbers of misclassifications are equal for the

two populations.

In practice, a, (3, p, and q may or may not be

well defined conceptually, but either way will

often, perhaps usually, be unknown. Thus a com-

parison between discriminators using c(ms),

c(mx), and c(m) at level (d) is appropriate.

5. Comparison of Discriminators

Introduction. The discriminators may be

compared on the basis of our minisum and

minimax criteria. Let us designate these criteria

respectively in terms of the error quantities as

(i) P s = Pi + Pll

(ii) Px = max (Pi, Ph).

In comparing discriminators, it can happen

that either one has both criteria less than or

equal to those of the other or this does not occur.

If the former holds, then the discriminator with

the smaller criteria may be said to be better

than the other. This is true whether the dis-

crimination is linear or not.

For the purposes of this paper, A has been

taken to be a vector of constants. Thus, while

linear discriminators are functions of both A
and c, our comparison need be concerned only

with varying c’s. The restriction to level (d)

together with the vector of constants, A, enables

us to keep the number of parameters down to

two for comparisons of the discriminators AX'
= c ( ms ) ,

AX' = c (mx ) ,
and AX' = c(m).

c(ms) and c(mx) are the c’s derived for the

two criteria; both reduce to c(m) in the special

case of equal dispersion matrices, c (m ) is the

population analogue of the c used in practice

and is easier to compute than are c(ms) and

c (mx ) . Since c (mx ) andc(ms) each minimize

one criterion, the comparisons will be to find

the conditions under which c(m) leads to both

smaller Px than does c ( ms ) and smaller P s than

does c (mx ) . When these conditions are satisfied

then c(m) may be regarded as a compromise

between c ( ms ) and c (mx )

.

The two essential parameters will be defined

as

(5.1) B- = °2/<r

Tn - m
r 1

It can be seen that B ^ 1 and C > 0. If results

in B and C should be tabulated, the tables would

be symmetric in log B, —- log B, and in C, —• C.

Condition for reasonable linear discrimination.

Under certain conditions, linear discrimination

does not yield good results; an example of this

is the situation in which the centroids of the

two populations are the same. Any description

of the conditions necessary for linear discrimina-

tion to be able to lead to reasonable results must

be, to some extent, arbitrary. Generally, the sit-

uations in which linear discrimination may be

rejected are typified by no root of c(ms) being

contained in (mi,m2 ).

At level (d) there are always two real solu-

tions of (3.3). By restricting our interest to the

range (mi, m2 ) it follows from considerations

of monotonicity, continuity, and limiting be-

havior that a necessary and sufficient condition

for the existence of a root of (3.3 ) in this range

is

since the left and right sides of the inequality

are the densities of populations I and II at m2 .

(5.3) may be rewritten in terms of B and C
as follows:

(5.4) C > 2 (3 + l)'
2

In B
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Fig, L Four regions in (B, C) corresponding to the

properties
: ( 1 ) no linear discriminator reasonable;

(2) c{m) is a compromise between c(ms), c(mx);

(3) c(ms) is better than c(m); (4) both c(mx),

c(ms

)

are better than c{m) . In general, the larger the

C, the stronger will be the discriminator.

The lower curve in Figure 1 separates the re -

gions in (B, C) for which (5.4) is true, un-

true. Thus in region 1 a quadratic discriminator

is appropriate; elsewhere a linear discriminator

is appropriate.

Investigation of tvben c(ms) is better than

c(m). Let us denote the larger conditional

probability of misclassification, Px ,
using c (m )

,

c ( ms ) by Px (m ) ,
Px ( ms ) respectively.

Now c.(mx) is the point on either side of

which the probabilities of misclassification are

equal, so that a c < c(mx) indicates Pj = Px

and a c > c(mx) indicates Pjj = Px - Further,

m2 mi, o-2 o”i imply that both c(m) and

c(ms) are greater than c(mx) since:

- 0-

)

(5. 5. a) c(m) -c(mx) = — —--—-

—

(5.5. b) c(ms)-c(mx) Yz q +2(.

(o’
2

-<r
1
)(m

1
tr

2 + m
2

o-

1
)

Therefore, Px (m) = Pn(m) and Px (ms) =
Pll(ms).

It follows immediately that a necessary and

sufficient condition for Px (m) > Px (ms) is

c(m) > c (ms )

,

rrv 2 .

(Ba
i
+-rn

2)(#tr

i)
-

r ^ i
in

^]i
> °

(m
2
" 1

"n
i
)(<r

z'
<r

l
) > Z<T

i °2
jj

1j%^rt,
:1
i
2+2

('r
2

2
-a
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In -

which may be rewritten as:

(B + 1)

The center curve in Figure 1 separates the

regions of (B, C) for which Px using AX' =
c(ms) is greater, less than those using AX' =
c(m). Thus in regions 1 and 2, c(m) is better

with respect to the minimax criterion; in re-

gions 3 and 4, c(ms) is better with respect to

the minimax criterion.

Investigation of when c(mx) is better than

c(m). Let us denote" the sum of conditional

probabilities of misclassification, P s ,
using c(m)

,

c(mx) by Ps (m), PB (mx).

On expressing Pj, Pjj in terms of c(m),
c (mx ) and hence in terms of B, C, it follows,

after rearrangement, that

'
- p

N(0
, l)dx - N(0 , l)dx -

Jo ^ 0 L

C(Btl)

2B

N(0,l)d>P (m) -P (rnx)

- g(B,C)

say. From differential-geometrical considerations

and the fact that both c(m),c(ms) are greater

than c(mx), it follows that c(m) < c(rns)

implies that P s (m) < Ps (mx). The upper

curve in Figure 1 is the curve g(B, C) = 0,

which separates the regions of (B, C) for which

the sum of conditional probabilities of mis-

classification using AX' = c(mx) is greater,

less than those using AX' = c(m). Thus in

region 4, c(mx) is better with respect to the

minisum criterion; elsewhere c(m) is better

with respect to the minisum criterion. The
asymptote as B tends to infinity is, approxi-

mately, C 1.029.

Figure 2 shows g(B, C) plotted against C
for several values of B.
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DIFFERENCES

BETWEEN

PROBABILITIES

Fig. 2. Difference between (a) the sum of condi-

tional probabilities of misclassification using c(m),

and (b) the same using c(mx ) ,
expressed as a func-

tion of C for several values of B.
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Albacore Migration and Growth in the North
Pacific Ocean as Estimated from Tag Recoveries

Tamio Otsu 1

The ALBACORE, Germo alalunga ( Bonnaterre )

,

is considered a choice tuna by Americans be-

cause of its excellent canning quality. It is fished

by Americans along the Pacific coast of the

United States and by the Japanese in North

Pacific waters extending from the coast of Japan

to about the 180th meridian. In recent years

the Japanese have extended their albacore fish-

ing grounds to tropical and subtropical waters

of the Pacific and Indian oceans ( Mimura, 1957;

Van Campen2
) ,

and more recently, to Atlantic

waters.

A tagging program was instituted by the

Pacific Oceanic Fishery Investigations (POFI)

[in 1959 it became the Bureau of Commercial

Fisheries, Hawaii Area] as a part of an albacore

research project being conducted under Public

Laws 329 (80th Congress) and 466 (Salton-

stall-Kennedy Act, 83rd Congress). Employing

the California type-G "spaghetti” tag (Wilson,

1953) (Fig. 1), and to a limited extent, the

POFI- developed dart tag (Yamashita and Wal-

dron, 1958), tagging was conducted on albacore

taken by POFI vessels on exploratory cruises to

the North Pacific. Intensive albacore tagging

has been conducted on the West Coast by the

California Department of Fish and Game and

data on some of their recoveries have been pub-

lished (Blunt, 1954; Ganssle and Clemens,

1953). This report summarizes the tagging re-

sults obtained by POFI, and includes a prelim-

inary analysis of albacore migration and growth.
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ALBACORE TAG RELEASES

Between January, 1954, and August, 1957, a

total of 1,201 albacore was tagged and released

in the temperate North Pacific (Fig. 2). In-

cluded in the total are 270 albacore tagged in

the Japanese live-bait fishing grounds in the

spring of 1956 (Van Campen and Murphy,

1957). The remaining tag releases were made
in the central and eastern North Pacific, and

consisted of 855 fish taken by surface trolling

and 76 taken by long-lining.

The size-frequency distribution of the tagged

albacore is given in Figure 3. The 270 fish

tagged off Japan are not included since they

were not measured. Measurements were made,

however, on samples of fish from each school

in which tagging was conducted, and these in-

dicated a relatively narrow size range of 60.4

cm. to 83.4 cm. in length. In addition to these,

94 troll-caught fish tagged off the California

coast are not included since no measurements

were recorded. The long-line gear accounted for

a wide size range of fish (50 to 120 cm.) while

surface trolling took fish up to 87 cm. in length

(Fig. 3).

ALBACORE TAG RECOVERIES

As of September, 1958, 15 (1.2 per cent) of

POFFs tag releases had been recovered (Table

1). Seven of the recoveries (Nos. 1, 2, 3, 8, 9,

257
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TABLE 1

POFI Albacore Tag Recoveries

NO.

DATE
TAGGED

POSITION OF RELEASE DATE
RECAP-

TURED

POSITION OF RECAPTURE

NET
DISTANCE

DAYS
OUTLatitude Longitude Latitude Longitude

TRAVELLED
(miles)

1 10/4/54 46° 30' N. 159° 18' W. 11/28/55 35° 45' N. 157° 39' E. 2.055 420

2 10/5/54 43° 31' N. 161° 16' W. 1/19/56 35° 23' N. 141° 20' E. 2.670 471

3 10/9/55 42° 16' N. 147° 16' W. 6/24/56 31° 54' N. 158° 37' E. 2,660 259
4 10/17/55 44° 55' N. 144° 48' W. 8/1/56 31° 21' N. 117° 17' W. 1,515 288

5 7/31/56 44° 31' N. 174° 55' W. 7/23/57 30° 08' N. 119° 03' W. 2,775 357

6 8/1/57 34° 49' N. 121° 57' W. 9/17/57 34° 49' N. 121° 26' W. 26 47

7 7/22/57 35°43'N. 122° 58' W. 10/7/57 3 6° 24' N. 123° 07' W. 41 77

g 10/16/55 43° 40' N. 144° 40' W. 11/23/57 33° 22' N. 174° 07' E. 2,025 769

9 11/17/56 36° 44' N. 127° 37' W. 11/17/57 38° 08' N. 174° 53' E. 2,800 365

10 7/23/57 42° 20' N. 127° 33' W. 5/26/58 32° 15' N. 144° 15' E. 4,230 287
11* 7/22/57 47° 00' N. 126° 18' W, 6/10/58 33° 40' N. 144° 00' E. 4,300 323
12 7/16/57 44° 47' N. 130° 04' W. 7/11/58 30° 00' N.f 118° 45'W.f 1,035 360

13 7/16/57 44° 47' N. 130° 04' W. 8/22/58 32° 00' N.f 122° 00' W.f 860 402

14 11/14/56 38° 00' N. 128° 25' W. 8/23/58 32° 15' N. 122° 30' W. 455 647

15 11/21/56 35° 21' N. 123° 57' W. 7/21/58 34° 00' N. 122° 10' W. 130 607

* Fish No. 11 was marked with a POFI dart tag; all others with California "spaghetti” tags,

f Approximate position of recapture.

10, 11) were made by the Japanese in their

summer live-bait and winter long-line fisheries,

while the remaining 8 were made by Americans

in the West Coast fishery.

With the exception of two American recov-

eries ( Nos. 6 and 7 ) which were made within

47 and 77 days, respectively, of the date of re-

lease, the remaining 13 represented relatively

long periods between release and recovery,

ranging from 259 to 769 days. While all of

these long-term recoveries provided valuable

Fig. 1. An albacore (recovery No. 4) with a Cali-

fornia type-G tag attached. This fish was at liberty for

approximately 10 months before recapture (Table 1).

information on the movements of albacore in

the North Pacific, complete data on growth were

not obtained since information on several of

the recoveries did not include length or weight

measurements.

MOVEMENTS SHOWN BY TAGGED ALBACORE

The net movements of the tagged fish are

depicted in Figure 4. Perhaps most significant

is the migration of fish between the major fish-

eries. A fish tagged in the American fishery off

California (No. 9) moved across into the Jap-

anese mid-ocean winter long-line grounds to be

retaken there. Two others tagged in the West
Coast fishery off the Pacific northwest (Nos. 10,

1 1 ) made a complete trans-Pacific migration

and were recaptured in the Japanese live-bait

fishery. Albacore tagged in mid-ocean north of

Hawaii migrated into the West Coast fishery

(Nos. 4, 5) as well as into the Japanese long-

line (Nos. 1, 2, 8) and live-bait (No. 3) fish-

eries. Tag recoveries reported by the California

Department of Fish and Game also showed

movements of albacore from waters off Califor-

nia to the coast of Japan (Ganssle and Clemens,

1953). Movement in the opposite direction,

from the Japanese fishery into the American

fishery, has yet to be demonstrated.
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Fig. 2. Numbers and locations of POFI tag releases, January, 1954-August, 1957. (California type-G tag

was used on 1,090, and the POFI dart tag on 111 albacore.)

GROWTH SHOWN BY THE TAGGED ALBACORE

Of 15 recoveries to date, 11 were accompanied

by size data at the time of recovery (Table 2).

The estimated annual growth of these fish was

extremely variable, ranging from 3.8 to 28.7

cm. per year.

Although it is realized that the available data

are inadequate for any conclusive growth study,

a preliminary analysis was made in order to

present some approximation of the albacore

growth rate. Following the method of growth

curve transformation described by Waiford

( 1946), the length of fish at the time of release

(age N) was plotted against the length after

one year (age N + 1), the latter representing

the length at release plus the estimated value of

one year’s growth ( Fig. 5 ) . There is a suggestion

of linearity in the plots, with the exception of

one (No. 2, Table 2). The growth reported for

this fish is obviously out of proportion to the

others. When the Japanese transmit data perti-

nent to a tag recovery they usually specify the

method of measurement used. This was not done

in this particular instance; for this reason and

because the reported length seems excessive,

this fish is dropped from further consideration.

The remaining 12 points (including two from

published California data) fall about the re-

gression line Y = 26.29 + .77867X obtained

by the least squares method, where Y is the

length at N + 1, and X the length at N.

Also shown in Figure 5 is the line of no

growth (Ln = Ljv + i) drawn in with a 45°

slope through the origin. The point of inter-

section between the regression line and the line

of no growth is described by Walford as the

upper asymptote of the growth curve, which in

this case falls at approximately 118 cm. The
118-cm. asymptote of maximum growth for

the sample data of this paper is slightly less

than that which would be expected for albacore

populations in general; measurements of com-

mercial landings indicate the population asymp-

tote to be about 124 cm. (Suda, 1954; Otsu

and Uchida, 1959^).

The growth curve (Fig. 6) was derived from

Figure 5. This method does not enable us to

obtain that portion of the growth curve falling

below the point of inflection, and since the

smallest fish for which there are data is a 60-

cm. fish, the extrapolation toward the smaller

sizes is dubious.

In an attempt to describe the complete growth

curve, particularly that portion falling below

the point of inflection, for which Walford’s

method does not apply, the data were fitted to a

Gompertz equation, y = ab
,
where y is the

length in centimeters and x the age in years. A
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TABLE 2

Growth Shown by Tagged Albacore

NO.

DATE OF
RELEASE

DATE OF
RECOVERY

DAYS
OUT

SIZE AT
RELEASE
(cm.)

SIZE AT
RECOVERY

(cm.)

NET
GAIN
(cm.)

GAIN
PER YEAR
(cm.)

1 10/4/54 11/28/55 420 78.2 — _
2 10/5/54 1/19/56 471 68.0 105.0 37.0 28.7

3 10/9/55 6/24/56 259 63.4 — — —
4 10/17/55 8/1/56 288 59.9 72.3 12.4 15.7

5 7/31/56 7/23/57 357 68.4 78.0 9.6 9.8

6 8/1/57 9/17/57 47 66.5 — — —
7 7/22/57 10/7/57 77 65.5 67.0 1.5 7.1

8 10/16/55 11/23/57 769 65.1 94.8 29.7 14.1

9 11/17/56 11/17/57 365 85.2 97.5 12.3 12.3

10 7/23/57 5/26/58 287 78.0 85.2 7.2 9.2

11 7/22/57 6/10/58 323 75.0 — — —
12 7/16/57 7/11/58 360 65.0 77.3 12.3 12.5

13 7/16/57 8/22/58 402 75.0 84.5 9.5 8.6

14 11/14/56 8/23/58 647 79.4 92.6 13.2 7.4

15 11/21/56 7/21/58 607 68.6 86.4 17.8 10.7

A* 8/11/53 2/2/54 176 84.0 88.0 4.0 8.3

B* 8/16/53 2/23/54 192 91.0 93.0 2.0 3.8

* Fish tagged by the California Department of Fish and Game and reported by Blunt (1954)

.

rapid approximation method by Riffenburgh3

for estimating the parameters of the Gompertz

curve was used. The same paper contains a

lengthier and more precise method in which the

estimates converge stochastically to the para-

meters, but it was felt that the number of data

available was inadequate to assure convergence.

Thus, the approximation technique was utilized.

The method uses three sets of data points:

3
Riffenburgh, R. H. MS. A new method for esti-

mating parameters of the Gompertz growth curve.

University of Hawaii and Pacific Oceanic Fishery In-

vestigation, U. S. Fish and Wildlife Service, Honolulu.

Fig. 3. Size-frequency distribution of albacore tagged

by POFI in the North Pacific, January, 1954-August,

1957.

(i, y i), (i + j, y i + i), and (i + k, y i+k ).

The numerical calculation involved is markedly

simplified if k = 2 j. In this case, the triplet of

points having x-values of N + 3, N + 5, and

N + 7 (Fig. 6) was selected from among the

set of triplets possessing the property k — 2j;

these points fall approximately within the por-

tion of the curve for which there are observed

data. The corresponding y-values, obtained from

Walford’s curve, were y 3 = 62.7 cm., yg =
84.8 cm., and y 7 = 98.2 cm. The estimate of

the parameter c = 1.43 was obtained by the

equation:

Ti +k
log —

?i + j

log—
yi

and the estimate of the parameter b — 0.177 by

the equation:

Jfi+k

log—
JO + i

log h — •

c
A

<r j (c^-
1

)
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Fig. 4. Net movements of albacore tagged by POFI.

(The lines have no significance other than connecting

the points of release and recovery of each fish.

)

The parameter a, or the upper asymptote of

the growth curve (118 cm.), had already been

estimated by Walford’s method. These param-

eters were fitted into the Gompertz equation

as follows:

y = (118) (0.177 )
(1 -43)

~ x+(l

which resulted in the asymmetric sigmoid curve

shown in Figure 7. Inspection showed that if

this curve is shifted 0.23 year to the right, it

will present an adequate fit for the data; thus,

an estimate of d is 0.23.

The curve derived by the Walford method

(Fig. 6) is superimposed on the Gompertz

curve. There is fair agreement between the two

in the portions representing lengths between

40 and 85 cm., and the observed data do not

deviate much from either curve. If albacore

growth follows a typical Gompertz curve, then

this represents a possible entire growth curve

of the albacore, including that portion not pos-

sible to determine by the Walford method. It

should now be possible to assign specific ages.

It can be seen by inspection that the curve

approaches the abscissa reasonably closely at N
— 2 years, suggesting that hatching is in this

time vicinity. While the size indicated at hatch-

ing deviates from the expected size to the order

of 2 cm., this error is not large considering the

assumedly random deviations of the observed

data from the estimated growth curve and the

small sample size. With N — 2 as the arbitrary

origin, the adjusted ages are given below the

original designations. The resulting length for

each year beginning with this origin is pre-

sented in Table 3 along with values obtained

by the Walford method. While there is every

indication that at least a portion of each curve

reliably represents the albacore growth, those

portions for which there are no observed data

should be considered tentative. The initial

growth by the Gompertz curve appears to be

unreasonably slow since it requires about 3 years

for a fish to attain a weight of 1 pound (about

30 cm.). The early growth is slow, relative to

the result obtained by the Walford method. The

results suggest a possible error in assigned ages

of 1 or 2 years.

This disagreement and others may result from

one or a combination of the following debilities:

(a) the assumption that albacore growth fol-

lows the Gompertz curve may be unwarranted;

(b) the number of observations may be in-

adequate; (c) there is the possibility that there

is differential growth between the sexes after

the onset of sexual maturity, causing an un-

balanced sex ratio in favor of males among the

larger albacore ( Otsu and Uchida, 1959b)

.

If this is true, then the growth curves are sub-

ject to inaccuracies in the upper portions rep-

resenting fish larger than 90 cm., the approxi-

mate size at which the albacore is believed to

attain sexual maturity. A differential growth

rate may have been responsible for the slightly

Fig. 5. Growth shown by tagged fish plotted by Wal-

ford’s (1946) method and fitted with a straight line.

The intersection of this line and the line Ln = L» +

1

indicates the upper asymptote of the albacore’s length.

Fish No. 2 was excluded from calculation of the re-

gression line.
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Fig. 6. Portion of growth curve of albacore obtained

by Wal ford’s method. Observed data are superimposed.

low estimate of the upper asymptote (Fig. 5)

and for the deviation of the observed data from

the upper portions of both curves (Figs. 6, 7).

Some studies have been made in the past on

the age and growth of albacore, such as those by

Uno (1936^; 1936b), Aikawa and Kato
(1938), Partlo (1955), and Figueras (1955),

all of which were based on the vertebral method

of age estimation. Otsu and Uchida (1959b)

also attempted to determine the age of alba-

core by this method and concluded in their

study that the rings found on the centrum are

probably not annuli as assumed by the several

workers, but rather are growth marks laid down
randomly with respect to time, and that, there-

fore, aging could not be accomplished by this

method. In addition, they thought that the verte-

TABLE 3

Growth Rates of Albacore Derived by Fitting

Tag Recovery Data to Growth Curves by

the Methods of Walford and Riffenburgh

AGE*

( years

)

LENGTH (cm.)

Walford Riffenburgh

1 — 7.5

2 — 17.3

3 26.3 31.5

4 46.8 46.5

5 62.7 62.5

6 75.1 75.0

7 84.8 86.0

8 92.3 94.5

9 98.2 101.0

10 102.7 106.0

* The ages given are based on an arbitrarily selected origin

(Fig. 7) and are therefore tentative.

bral method generally yielded growth curves

that were too linear to be typical and growth

rates that were too slow when compared with

the evidence from the then meager tag returns.

The results of this study substantiate their crit-

icisms.

The growth curves in question are compared

with the curve obtained in this study (Fig. 8).

Since the ages assigned in this paper (Fig. 7,

Table 3) were arbitrarily defined, and since

there are obvious discrepancies in the ages as-

signed by various workers, the mean lengths

are plotted at yearly intervals without regard

to the specific ages given. In other words, the

curves in Figure 8 may be shifted freely in either

direction along the abscissa. It is noted that the

several growth rates do not differ markedly in

magnitude.

It is clearly seen, however, that the presently

derived curve, at least a portion of which is

believed to be a fair representation of the actual

albacore growth curve, is curvilinear, while the

others, with the possible exception of Uno’s

( 1936b) results, are almost perfectly linear. This

difference in curvature supports the contention

that the age of albacore could not be determined

by the vertebral method. The linearity suggests

that the rings found on the vertebrae are as-

sociated with growth rather than with age, and

that ring formation is a linear function of fish

growth.

Aside from growth studies by the vertebral

by Riffenburgh’s short method. The curve obtained by

Walford’s method (dashed) is superimposed. Observed

data are superimposed on the Gompertz curve.
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method, several workers have analyzed albacore

size frequencies. Brock (1943) found two reg-

ularly occurring modal groups in the California

length frequencies for the years 1924 to 1928

inclusive. The consistency in the appearance of

these groups indicated that they were year

classes. A more uniform relation was seen in

the "lagged difference,” or the difference in the

modal size of group A in 1 year with that of

group B in the following year, rather than be-

tween the two modal groups of the same year.

The- modal lengths ( lagged ) of both California

and Oregon albacore are reproduced in Table 4.

The lagged modal values for the California

albacore fall in nearly perfect agreement with

the growth shown by the tagged fish, indicating

that the distinctly bimodal distribution rep-

resents two age groups, one a year older than

the other, as postulated by Brock. The growth

of the Oregon albacore, on the other hand, was

somewhat less than that estimated for the Cal-

ifornia albacore, and consequently lower than

the growth shown by the tagged fish.

Suda (1954) has examined the size distribu-

tion of albacore taken in the Japanese winter

long-line season and has traced six different size

groups which appear yearly. The modes of these

groups were: 57 cm., 67 cm., 78 cm., 89 cm.,

100 cm., and 111 cm. The spacing of the in-

tervals is uniformly 10 or 11 cm., thus rep-

resenting a straight-line growth if these length

groups are assumed to be age classes. The author

concluded that these length groups may be con-

sidered as age groups if they are handled as five

groups consisting of ages I to IV and an ad-

TABLE 4

Modal Lengths of California and Oregon
Albacore, in Centimeters

(Reproduced from Table 7, Brock, 1943)

GROUP A
|

GROUP B DIFFERENCE

CALIFORNIA ALBACORE (1924 to 1928)

1924, 64.89 1925, 77.18 12.29

1925, 64.87 1926, 77.16 13.29

1926, 68.84 1927, 81.04 12.20

1927, 65.80 1928, 78.27 12.47

OREGON ALBACORE (1938 to 1940)

1938, 66.18* 1939, 74.19 8.01

1939, 64.02 1940, 74.26 10.24

* Only a single small sample was taken in 1938 after the

season was underway.

N N+l N+2 N+3 N+4 N+5 N+6 N+7 N+8 N+9

AGE IN YEARS

Fig. 8. A comparison of the growth curves obtained

by the vertebral method with the Walford curve ob-

tained in this study. Specific ages are disregarded in

the plotting of these curves.

vanced age group which includes the last two
modal groups. If these modal lengths are com-
pared with the results obtained from tagging,

it is seen that as in the case of the results ob-

tained by the vertebral method, the yearly

growth increments do not differ greatly, but

there is a marked difference in the curvatures

of the two curves. Suda pointed out that since

growth of most living organisms is logistic, it

may be unreasonable to postulate these length

groups as age groups. However, he advanced

the possibility that these age groups fall within

the relatively straight portion of the growth

curve. This is not indicated by the data pre-

sented in this paper.

DISCUSSION

The tag recoveries have shown that albacore

migrate considerable distances, and from one

fishery to another, suggesting that there is a

single population of albacore in the temperate

North Pacific, exploited seasonally by Amer-
icans off the West Coast during the summer
and fall, by the Japanese in mid-ocean during

the winter, and also by the Japanese in the

western Pacific during the spring and summer.

While no recoveries of albacore tagged off

Japan have yet been reported in the American

fishery, there are suggestions of movements in

that direction. For example, recoveries 11 and

12 were of fish tagged within a week of each



264 PACIFIC SCIENCE, Vol XIV, July I960

other in waters of the American fishery off the

Pacific northwest. One was recaptured in June,

1958, in the Japanese live-bait fishery, and the

other, a month later in the American fishery.

The suggestion is that the latter had also under-

gone an extensive migration to the west before

returning to the American fishery, although

this movement may not have been as complete

as the other. A similar suggestion is made by

the recapture in the American fishery after 306

days of an albacore tagged by the California

Department of Fish and Game. One other al-

bacore, tagged at the same time, had been re-

captured a month earlier 145 miles east of

Tokyo, Japan (Anonymous, 1957). An appre-

ciable tagging program by the Japanese may
show definitely whether or not there is a move-

ment of fish from the Japanese live-bait fishery

into the American fishery.

However, judging by the sizes of fish gen-

erally taken in the different fisheries, it is pos-

sible that even extensive tagging by the Japanese

would not confirm such a movement towards

the east. The chances for American recovery of

Japanese-tagged fish are not good unless the

Japanese tag unusually small fish or unless

unusually large fish move into the American

fishery in large numbers. The sizes of fish com-

monly taken in the respective fisheries are

Fig. 9- Examples of albacore sizes taken by the ma-

jor North Pacific fisheries. The Japanese size-frequen-

cies were obtained from Nankai Regional Fisheries

Research Laboratory (1951). The West Coast length

frequency is based on unpublished data of the Oregon

Fish Commission and are measurements made on alba-

core landed in Oregon during the 1957 season.

shown in Figure 9. The American West Coast

fishery generally takes smaller albacore than

either the Japanese live-bait fishery or their

long-line fishery; the fish range in size from

about 50 to 85 cm. with the predominant sizes

around 65 cm. The bulk of the fish taken by

the Japanese is larger than 70 cm. in length,

and these sizes comprise only a very small part

of the American landings. On the other hand,

small albacore under 70 cm. may be present in

larger numbers in the Japanese live-bait fishery

than indicated in Figure 9- Suda (1955) states

that such small fish constitute a significant por-

tion of the landings during certain years. The

chances for recovery would seemingly be im-

proved if tagging is concentrated on such small

fish.

Although there appears to be little chance for

fish tagged in the western Pacific to be recovered

in the American fishery, a large-scale tagging

program by the Japanese stands to serve an

equally important purpose, that of elucidating

the relationship between the albacore of the

temperate and tropical Pacific Ocean. There is

at present no direct knowledge concerning the

movements of the larger albacore. The larger

fish of the temperate North Pacific appear to

move south into tropical and subtropical waters,

perhaps to form the reproductive segment of

the population. If there is such a southward

migration of the larger fish, this may be shown

someday by the recovery of a tagged fish. With
Japanese vessels exploiting wide areas in the

tropical Pacific, chances for recovery of fish

tagged in the north should be favorable.

With respect to the growth curve obtained in

this study, there are certain implications which

merit brief consideration. If the Gompertz curve

(Fig. 7) is a true representation of albacore

growth, then the following points may be made:

(a) the albacore is a relatively slow-growing

tuna; (b) this species has a relatively long life

span. Furthermore, as mentioned, it is believed

that an albacore attains sexual maturity at a

length of about 90 cm. If this is so, then it re-

quires between 7 and 8 years for an albacore to

become sexually mature. This is a significant

portion of the life span. Since albacore enter

the fisheries in substantial numbers at around

50 cm. in length (Fig. 9), a year-class is thus



Albacore-

—

Otsu 265

exploited for about 4 years before it even attains

maturity.

SUMMARY

Of 1,201 albacore tagged in the temperate

North Pacific Ocean by POFI between January,

1954, and August, 1957, 15 recoveries (1.2 per

cent) were reported. These recoveries indicate

considerable movement of fish in the North

Pacific. Albacore tagged in mid-ocean north of

Hawaii have been retaken in the American West
Coast fishery as well as in the Japanese fisheries.

Certain recoveries were of fish which migrated

across the Pacific from the American West Coast

to the vicinity of Japan. There is indication that

Americans and the Japanese are exploiting the

same population of albacore in the temperate

North Pacific Ocean.

The data on growth, although insufficient for

a conclusive study, were subjected to a prelimi-

nary analysis by Walford’s method of growth

curve transformation, and the resulting data

were also fitted in a Gompertz equation. The

derived growth curves are presented.

At least those portions of the growth curves

for which there are observed data appear to be

a reliable representation of albacore growth.

These curves are curvilinear, contrary to several

linear albacore growth curves reported in the

past by workers who based their studies mainly

on the vertebral method. The linearity of the

latter curves suggests that the age of albacore

cannot be determined by the vertebral method;

the rings on the centra are probably directly as-

sociated with growth rather than with age.

The results indicate that the albacore is a

relatively slow-growing tuna with a rather long

life span. A significant portion of the life span

is passed in the immature state.

Although POFI in cooperation with the Japa-

nese has tagged 270 albacore in the Japanese

live-bait fishery, and the Japanese have recently

started a tagging program in the western Pacific,

none of these fish has been recovered in the

American fishery. In view of the fact that the

Japanese exploit generally larger albacore than

the Americans, the chances for recovery in the

American fishery of Japanese-tagged albacore are

far less than for Japanese recovery of American-

tagged fish.
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A New Species of Acanthurus from the Caroline Islands,

with Notes on the Systematics of Other Indo-Pacific Surgeonfishes 1

John E. Randall

Since the publication of several articles on

the systematics of surgeonfishes by the author

(see References), specimens of an undescribed

species of Acanthurus from the Caroline Islands

have been obtained as well as information of

value for various other acanthurids. The op-

portunity to acquire most of these data was

provided by a fellowship from Yale University

and the Bernice P. Bishop Museum for ichthyo-

logical research in French Oceania. The spec-

imens of the new Acanthurus were loaned by

Robert R. Rofen of the George Vanderbilt

Foundation, Stanford University. For methods

of counting and measuring see Randall ( 1956b:

165).

Acanthurus chronixis, n. sp.

Fig. 1

HOLOTYPE: Stanford Natural History Mu-
seum No. 52104; Teawataman Ship Pass, south

side of Kapingamarangi Atoll, Caroline Islands

(1° 02' 09" N., 154° 45' 04" E.), 1 mi. from

shore at a depth not greater than 20 ft. over a

coral, sand bottom; spear; R. Rofen and Kap-

ingan fishermen; July 13, 1954. One female

specimen, 211 mm. in standard length and 278

mm. in total length.

DESCRIPTION: Dorsal rays VIII, 26; anal rays

III, 24; pectoral rays 17 (uppermost a short

bony splint); pelvic rays I, 5; principal caudal

rays 16; scale rows from gill opening to end of

caudal spine approximately 150 (not in even

rows and difficult to count); anterior gill rakers

22; posterior gill rakers 27; upper teeth 22, with

7 or 8 denticulations; lower teeth 22, with 6

or 7 denticulations.

Depth of body 2.05, head length 3.46, snout

length, 4.58, length of pectoral fin 3.51, length

of pelvic fin 4.69, snout to origin of dorsal fin

1
Contribution No. 268 from The Marine Labora-

tory, University of Miami. Manuscript received Octo-

ber 30, 1958.

2.28, snout to anus 2.34, length of dorsal

fin base 1.54, length of anal fin base 2.11-—all

in standard length. Greatest diameter of eye

4.30, width of body 2.18, width of interorbital

space 3.08, postorbital length of head 5.92, least

depth of caudal peduncle 2.56, length of caudal

peduncle 3.06, length of caudal peduncle spine

4.06, anus to origin of anal fin 5.08, length of

pelvic spine 2.04, length of first dorsal spine

4.92, length of second dorsal spine 2.76, length

of third dorsal spine 2.44, length of eighth

dorsal spine 1.92, length of first dorsal ray 1.75,

length of first anal spine 16.5, length of second

anal spine 3.18, length of third anal spine 2.30,

length of first anal ray 2.00, caudal concavity

1.9, width of mouth 4.26—all in head length.

Length of longest upper tooth 3.1 mm.; length

of longest lower tooth 2.8 mm. Snout produced.

Stomach large, round, and thick-walled.

Color in alcohol dark brown; an indistinct

darker brown spot anterior and adjacent to up-

per end of gill opening, and a second spot,

elliptical in shape and more distinct, posterior

to upper end of gill opening; opercular mem-
brane darker brown than rest of body; a very

dark brown band at extreme base of dorsal fin.

Life colors unknown.

POSSIBLE JUVENILES: Two small surgeonfish,

one juvenile, 46.9 mm. in standard length and

61.2 mm. in total length, and one postacronurus,

34.5 mm. in standard length and 45.4 mm. in

total length, were collected from the reef flat

west of the northern end of Falarik Islet, Ifaluk

Atoll, Caroline Islands (7° 15' 33" N., 144°

26' 10" F.)
,
about .4 mi. from shore at a depth

of 6 ft. over a bottom of coral, encrusting algae,

and sand with the use of rotenone by Ifaluk

fishermen for R. Rofen on October 30, 1953.

Figure 2 is a photograph of the two specimens.

The juvenile has a produced snout, and both

specimens possess eight dorsal spines. Only three

known species of Acanthurus have eight dorsal

267
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Fig. 1. Holotype of Acanthurus chronixis from Kapingamarangi, Caroline Islands; standard length 211 mm.

spines, A. sohal (Forskal)
,
A. pyroferus Kittlitz,

and A. chronixis. The young of sohal is known
(Randall, 1956b: fig. 1), and the young of

pyroferus is described later in this paper. Al-

though a series of specimens is lacking to link

the two small ones from Ifaluk to the holotype,

it seems likely that they represent the young of

A. chronixis. There are meristic differences,

however, that arouse some suspicion. The two

small specimens have 15 pectoral rays and 27

or 28 soft dorsal rays, as opposed to 17 pectoral

rays and 26 soft dorsal rays for the holotype.

The possibility that these two specimens are

the young of a species as yet undescribed cannot

be discounted. For this reason they are not

designated as paratypes of chronixis. They are

deposited in the Stanford Natural History Mu-
seum (SNHM) under the number 52105. Their

description follows (data for the transforming

specimen in parentheses).

Dorsal rays VIII, 27 (28); anal rays III, 25

(25); pectoral rays, 15 (15); upper teeth, 12

( 16, the two medial ones large and like adult

teeth)
;
lower teeth, 12 (18, a single large medial

one )

.

Depth of body 1.78 (1.64), head length 3.21

(2.98), snout length 4.74 (5.95), length of

pectoral fin 2.59 (2.63), length of pelvic fin

3.72 (4.10), snout to origin of dorsal fin 2.06

(2.33), snout to anus 2.18 (2.01), length of

dorsal fin base 1.40 (1.41), length of anal fin

base 1.95 (1.89)—-all in standard length. Great-

est diameter of eye 2.44 (2.70), width of body

2.00 (2.19), width of interorbital space 2.86

(3.14)

,
postorbital length of head 3.74 (4.46),

least depth of caudal peduncle 2.70 (2.76),

length of caudal peduncle 4.30 (4.92), length

of caudal peduncle spine 6.95 (7.26), length of

pelvic spine 1.85 (2.70), length of first dorsal

spine 5.40 (4.83), length of second dorsal spine

2.61 (2.32), length of third dorsal spine 1.87

(2.15)

,
length of eighth dorsal spine 1.23

(1.84), length of first dorsal ray 1.20 ( 1.76),

length of first anal spine 5.21 (5.80), length of

second anal spine 2.66 (2.83), length of third

anal spine 1.72 (2.07), length of first anal ray

1.46 (1.90), width of mouth 3.56 (3.87)—-all

in head length. Caudal fin markedly rounded.

Color in alcohol of juvenile light brown with

numerous faint pale spots on body, some con-

fluent dorsally to form short vertical or diag-

onal pale bars; median fins with dusky mem-
branes, the dorsal and anal with rows of pale

spots and the caudal with a narrow pale margin

and a faint spotting in middle portion of fin;

edge of upper portion of opercle dusky. Color

of postacronurus uniform light tan with a ver-
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tical dusky band at base of caudal fin. Life colors

unknown.

DISCUSSION: The transformation of the aero-

nurus larval form into the juvenile stage in-

volves some striking morphological changes.

Notable are the formation of scales from narrow

vertical ridges on the body and a prolongation

of the snout. The difference in relative length

of the snout of the two small specimens should

be kept in mind when comparing proportional

measurements involving head length.

A. chronixis is closely related to A. pyroferus,

having a similar configuration, especially with

respect to the produced snout, similar meristic

data, and the same stomach structure. The young

of both species appear to be the only ones of

the genus with rounded caudal fins, and both

develop strongly lunate fins as adults. A. chron-

ixis differs from pyroferus principally in colora-

tion; it lacks the broad pale terminal band of

the caudal fin, the white line nearly encircling

the mouth, and the large pale area on the

pectoral fin. Also there are different markings

on the shoulder region of the two species. The

type locality of both species is the Caroline Is-

lands.

Fig. 2. A, Juvenile of Acanthurus chronixis

;

stand-

ard length 46.9 mm. B, Postacronurus of A. chronixis;

standard length 34.5 mm. Both specimens from Ifaluk,

Caroline Islands. Photo by W. Courtenay.

Fig. 3. Juvenile of Acanthurus pyroferus Kittlitz

from the Society Islands; standard length 43 mm. Re-

produced from a 35 mm. Kodachrome transparency.

Color in life bright yellow with blue markings on

head.

NOTES ON OTHER SPECIES

Randall (195 6b: 197) cast some doubt on

the statement of Kittlitz (1834) that the young

of Acanthurus pyroferus are dirty yellow in

color, by suggesting that this author might have

confused the young of this species with A.

olivaceus Bloch and Schneider. Recent collec-

tions of A. pyroferus in the Society Islands (Fig.

3 represents the smallest specimen taken) have

revealed that Kittlitz was largely correct. The

young are yellow in color, although bright yel-

low. Kittlitz, of course, may have seen spec-

imen^) transforming from juvenile to the dark

brown adult coloration, at which time the prin-

cipal color might be described as dirty yellow.

The change-over in color in three specimens

occurred at standard lengths of 88, 94, and 95

mm. One from the Marquesas had nearly at-

tained adult color patterns at a standard length

of 98 mm.

In addition to the bright yellow color, ju-

veniles of A. pyroferus have a brilliant blue ring

around the eye, a blue margin on the opercle,

a blue ring nearly encircling the mouth, a small

bright orange area just above the base of pectoral

fin, and a narrow pale margin and thin, black

submarginal line posteriorly on the median fins.

This striking color pattern is precisely the same

as that of the small angelfish Centropyge flavis-
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simus (Cuvier and Valenciennes)
,
thus suggest-

ing the phenomenon of mimicry. Also both C.

flavissimus and the young of A. pyroferus have

rounded caudal fins. If mimicry is involved,

then the surgeonfish would seem to be the mimic

and the angelfish the model, for the former is

less common, and it loses the color and caudal-

fin shape of C. flavissimus when it grows to a

size greater than attained by the angelfish. At-

tempts to deduce the basis for the alleged mim-
icry were not successful. The problem will be

discussed in greater detail in a forthcoming

paper on mimicry.

Adults of A. pyroferus have very lunate caudal

fins. The transformation in shape of the caudal

fin of this species begins before adult color pat-

tern is assumed. A 70 mm. specimen, still bright

yellow, has a caudal fin less rounded than smaller

specimens. The lobes of the caudal fin of a 92

mm. yellow specimen and a 95 mm. brownish-

yellow specimen are just starting to form.

The counts of the soft rays of the dorsal and

anal fins of A. pyroferus from the Society Is-

lands are higher than the counts from specimens

in the Marshall Islands and Philippines (Table

1 ) ,
indicating that the population in the former

island group may be distinct from the latter

two, which in turn, appear differentiated. A
more detailed analysis must await the collection

of additional specimens from these and inter-

mediate island areas of the tropical Pacific.

Specimens of A. pyroferus from the Society

Islands have been sent to the U. S. National

Museum (USNM ) and the SNHM.

The possible hybrid surgeonfish Acanthurus

achilles X Acanthurus glaucopareius (Randall,

1956^: 21-25) is known from three specimens,

originally described as A. rackliffei by Schultz

(1943: 157, 163, fig. 13) from Hull Atoll,

TABLE 1

Fin-ray Counts of Specimens of
Acanthurus pyroferus FROM THE PACIFIC OCEAN

LOCALITY DORSAL SOFT RAYS

27 28 29 30

ANAL SOFT RAYS

24 25 26 21 28

Society Is. 4 8 5 2 8 6 1

Marshall Is. 2 2 2 2

Philippine

Is. 5 1 4

Phoenix Islands, in the central Pacific. The
hypothesis that these specimens are hybrids

would be strengthened if specimens were ob-

tained in other areas where both A. achilles

Shaw and A. glaucopareius Cuvier are known
to occur.

In February, 1956, at Caroline Atoll (10° S.,

150° 14' W.)
,
a single adult of the postulated

hybrid was sighted in the clear water off the

lee reef. It was wounded with a spear but not

captured. It was intermediate in life color to the

parent species (no information on life color

was available for the original three specimens

of rackliffei). In subsequent months, three spec-

imens were speared in the Tuamotu Archipel-

ago. One, 110 mm., was obtained from Makatea
directly off the phosphate loading area. It was
the only hybrid seen at this island. Three were

observed at the atoll of Takaroa; one of these,

a 140 mm. specimen, was taken in the lagoon

near the pass. The third specimen, 132 mm. in

standard length, was collected from the outer

reef at Takapoto. A single hybrid was seen in

the pass at Tikahau but was not taken. At all

of the islands where the hybrids were sighted,

A. achilles and A. glaucopareius were very

abundant, hundreds of both species being seen

in each area.

One of the Takaroa hybrids was consistently

seen at the entrance to the pass. It was a large

adult with a scar on the back, thus permitting

positive identification during the week that it

was observed. This fish was constantly harassed

by individuals of A. glaucopareius. the latter

being perhaps the most pugnacious species of

the genus. At times the hybrid experienced al-

most no respite, for it would flee from one

aggressor only to meet with another nearby.

The dorsal and anal fin-ray counts of the new
specimens (Makatea and Takapoto, D IX, 30;

A III, 27; Takaroa D IX, 29; A III, 27) and

their color and morphology are the same as that

of the Hull Island hybrids. The life colors of

the Takaroa specimen are as follows: body

purplish black; a small orangish-yellow region

surrounding and extending anterior to spine on

caudal peduncle (reaches 7 mm. in front of

spine and is a maximum of 4 mm. in height);

a very faint pale area under eye; a purplish-

white ring encircling lower half of mouth;
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dorsal and anal fins colored like body except for

narrow, pale bine margins and an orangisb-yel-

low area at the base of these fins which is

broader posteriorly; caudal fin colored like body

basally, pale distally, these two regions separated

by a broad area which appears salmon under-

water, and is the best recognition mark of the

hybrid (examined closely this colored area is

reddish orange outwardly and orangish yellow

inwardly, with lobes of orange extending into

the yellow )

.

The Makatea and Takapoto specimens have

been deposited in the SNHM (48869 ), and the

Takaroa hybrid at the USNM (169883) (two

of the original hybrids are located at the USNM
and the third at the Museum of Comparative

Zoology at Harvard )

.

Two specimens of Acanthurus nubilus

(Fowler and Bean), previously known only

from Celebes in the East Indies, were collected

by spearing in Moorea, Society Islands, outside

the barrier reef. This species seemed moderately

common in this area at depths of about 70-130

ft. Like A. thompsoni (Fowler), with which it

was occasionally associated, it was frequently ob-

served well off the bottom.

When seen underwater, nubilus was predom-

inantly light blue except for a white caudal fin

and a region of yellow around the caudal spine.

After spearing and removing the fish from the

water, it was noted that the white tail had

altered to dark gray, and the body was dark

yellowish brown with numerous lengthwise blue

lines (60 counted vertically from origin of anal

fin on 158 mm. specimen, and 66 on 169' mm.
specimen). The blue lines were about half the

width of intermediate brown bands. The head

and thorax were bright blue with numerous,

close-set, round, dark yellowish-brown spots ( in

diameter about one-third the diameter of pupil

of eye). A broad, brownish-yellow area was

visible around the caudal spine; the socket of

the caudal spine was whitish, the sheath whitish

medially, shading through yellow to black at

edge. The dorsal and anal fins were bluish gray

basally and greenish brown distally with nu-

merous dark brown bands. The pectorals were

hyaline with blackish rays and the pelvics pale

blue with blackish rays.

The following counts and proportional meas-

urements were made on the specimens: D VII,

27; A III, 23 and 24; P 16; anterior and poste-

rior gill rakers 23 (one specimen only); caudal

concavity 6.7, head length 4.5, depth 2 to 2.1

—-all in standard length; longest dorsal ray equal

to head length; eye 3 in head length.

These two fish differ from the 153 mm. hoi-

otype in the USNM in less body depth (1.8

in holotype) and shorter head (head length of

holotype 4.1). In view of the great similarity

in other features such as color pattern, I regard

the above differences in measurement as prob-

ably- within the range of variability of the

species. The specimens have been deposited in

the SNHM.
The acanthurids from collections of fishes

made at islands in the Indian Ocean in 1957 by

James E. Morrow and associates were loaned to

the author from the Bingham Oceanographic

Laboratory, Yale University. The following

species were collected in the Maldives: Acan-

thurus triostegus (Linnaeus), A . lineatus (Lin-

naeus), A
.
gahhm (Forskal), A. leucosternon

Bennett, A. nigrofuscus (Forskal), Ctenochaetus

striatus (Quoy and Gaimard), and Zebrasoma

veliferum ( Bloch ) . From the Seychelles the fol-

lowing were taken: Acanthurus triostegus, A.

lineatus, A. leucosternon, A . nigrofuscus, and A.

tennenti Gunther. The collections were made
with rotenone from inshore waters.

Acanthurus leucosternon is as well represented

in the collections as other surgeonfishes, which

stands in opposition to the statement of Randall

(1956^: 196) that the species does-.not appear

to be common, a view based on the paucity of

specimens in the United States. The new spec-

imens are most welcome in providing material

for additional fin ray counts ( Table 2 )

.

A . leucosternon appears to be confined to the

Indian Ocean and East Indies. The closely related

A. achilles remains unrecorded from the Indian

TABLE 2

Fin-ray Counts of Specimens of
Acanthurus leucosternon FROM THE INDIAN OCEAN

DORSAL SOFT RAYS ANAL SOFT RAYS
LOCALITY 28 29 30 31 26 27 28

Maldive Is. 1 1 1 1

Seychelie Is. 3 7 1 1 7 3
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Fig. 4. Juvenile of Acanthurus leucosternon Bennett

from the Maidive Islands; standard length 54 mm.
Dark area around pectoral fin is shadow. Photo by W.
Courtenay.

Ocean, and A. glaucopareius

,

also a near relative,

is known in the Indian Ocean only from Cocos-

Keeling and Christmas islands.

The juvenile stage of A. leucosternon (Fig.

4) is very similar to the adult. The acronurus,

unless it is the Acronurus formosus of Castelnau

(Randall 1936b: 202), has not been described.

It may be large like the acronuri of A. achilles

and A. glaucopareius

.

Marden (1956: 185) has portrayed Acanthu-

rus leucosternon in an underwater color pho-

tograph. The body of the fish is bright blue. A
broad blackish band curves down from the in-

terorbital region, enclosing eye, and covering

most of the operculum. The dorsal fin is bright

yellow edged with blue, and the caudal peduncle

and region of caudal spine are also yellow. The

caudal fin is black with a large crescent of white

and a blue margin posteriorly. The anal and

pelvic fins are white, and there is a white area

on the chest and a white band on the chin.

Dorsal and anal fin-ray counts of A. lineatus

from the Indian Ocean and the Pacific (Table

3 ) suggest differentiation of the species in these

two oceans. A. lineatus is known from the coast

of East Africa, but not from the Red Sea where

a similar but very distinctive species, A. sohal,

appears to be endemic.

The dorsal soft rays of three specimens of

Zebrasoma veliferum from the Maldives number

27-30, and the anal soft rays 22-24. These

counts align themselves with those from other

Indian Ocean localities which differ significantly

from counts of specimens from the Pacific

(Randall 1955c: table 1).

Dorsal soft rays of 10 specimens of Acanthu-
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rus tennenti collected by Morrow in the Sey-

chelles number 22-24 (mostly 23), and the anal

soft rays 21-23 (mostly 22).

Smith (1955: 692) listed the acanthurids

from the island of Aldabra in the Indian Ocean
north of Madagascar and described two of them
as new. One, Acanthurus bicommatus (pi.

XVIII, C and D in Smith), is a synonym of

A. tennenti. The second, A. melanosternon (pi

XVIII, B), is a valid species, differing from

others principally in the nearly black color of

the chest which encloses a broad white patch

below the middle of the lower preopercular mar-

gin, this patch in some specimens continuing

as a band midventrally, thus dividing the black

area anteroposteriorly. This white band on the

chest is suggestive of A. leucocheilus Herre from

the Philippines, as is the outer pale one-third

of an otherwise dark pectoral fin. A. melan-

osternon lacks the bluish-white band at the base

of the caudal fin, the black snout with a white

band encircling the mouth, and the dark red

lines distally in the dorsal and anal fins of

leucocheilus. Meristic data were given by Smith

as follows: D IX, 25-26; A III, 24-25; P 17;

gill rakers 21-22. He had numerous specimens,

280-480 mm. in length, taken over a wide area

of East African coast as far south as 15° and

at various islands in the Indian Ocean.

Also listed by Smith among the species of

Acanthurus from Aldabra and East Africa is A.

philippinus Herre (= A. thompsoni (Fowler)).

This represents the first record of A. thompsoni

from the Indian Ocean.

Three species of Ctenochaetus were recorded

TABLE 3

Fin-ray Counts of Specimens of
Acanthurus lineatus FROM INDO-PACIFIC LOCALITIES

LOCALITY
DORSAL SOFT RAYS

25 26 27 28 29 30

ANAL SOFT RAYS
25 26 27 28

Maidive Is. 118 2 15 5 1

Seychelle Is. 2 2 1 2 1

Mauritius 1 1

Palau Is. 1 4 2 6 1

Mariana Is. 5 9 3 1 10 6

Samoa Is. 5 2 1 2 5 1

Society Is. 4 4 3 5

Marquesas

Is. 1 1
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by Smith from Aldabra: C. striatus, C. strigosus

(Bennett), and CtenochaeUis sp. (the latter

species was left undesignated pending the pub-

lication of the revision of the genus). He pro-

vided information on the latter species in a

letter enabling me to identify it as C. cyanogut-

tatus Randall. His specimen is 9 in. in length

and was described as having "light blue spots

all over in life.
5
’ This is the first record of

cyanoguttatus west of the Gilbert Islands, al-

though the blue-spotted Acanthurus ctenodon

Var.b of Playfair (1866: 57) from Zanzibar is

probably also C. cyanoguttatus.

After the revision of Ctenochaetus was pub-

lished (Randall, 1955d)

,

a large specimen of

C. cyanoguttatus from Cocos Island was found

at the USNM—probably one of the four spec-

imens of Snodgrass and Heller (1904) orig-

inally cataloged at the SNHM. As mentioned in

the revision (p. 161 ) ,
no trace of blue spots

could be found on the one Cocos Island spec-

imen seen at Stanford. The National Museum
specimen, however, possesses pale bluish spots

on the side beneath the pectoral fins which are

closely applied to the body. The cover provided

by these fins probably prevented the fading of

the spots at this location.

Three specimens of C. cyanoguttatus

,

212,

202, and 120 mm. in standard length, were col-

lected by spearing at Ua Pou in the Marquesas

Islands. Numerous small, bright blue spots

covered the head, body, and pectoral fins, those

posteriorly on the body being smaller. A pale

blue band was evident at the base of the dorsal

and anal fins. These fins were banded alternately

with pale blue and dark yellowish brown. The

iris was dark blue. Many individuals under-

water displayed whitish lips and a whitish caudal

fin. The caudal may also be brown with length-

wise blue streaks. This species was not seen in

the Society Islands or Tuamotus but proved to

be abundant at the three islands visited in the

Marquesas, Ua Pou, Nuku Hiva, and Eiao. On
the two occasions when C. cyanoguttatus was

observed in the Gilbert Islands, it occurred in

schools. It was not observed to school in the

Marquesas.

C. striatus, probably the most abundant reef

fish of its size in the Society Islands, was never

seen in the Marquesas, although much effort

was expended to locate it there. The specimen

reported by Fowler (1938: 76) as C. strigosus

from Ua Pou and said to have blue lines on the

body was examined at the Academy of Natural

Sciences of Philadelphia. It is C. cyanoguttatus,

and blue spots, not lines, are still evident on

the body.

When the two larger specimens of C. cyano-

guttatus were collected by the author, difficulty

was experienced in deciding whether they should

be labelled as C. cyanoguttatus or C. magnus

Randall. They were more like magnus in gen-

eral appearance, with greater depth, convex pro-

file, and scales in very irregular rows. There

were, however, predominantly four denticula-

tions on the expanded tips of the upper teeth

as is seen on teeth of cyanoguttatus and not

three, a number which was presumed to be

diagnostic for magnus. Also the bands in the

dorsal and anal fins persisted in preservative

(these are not visible on the preserved spec-

imens of magnus ). Leonard P. Schultz kindly

loaned the types of cyanoguttatus (170.5 mm.)
and magnus (225 mm.) from the USNM in

order that they might be compared with the two

large and one small Marquesan specimens. It

was noted that some of the upper teeth of the

holotype of magnus bear four instead of three

denticulations. It now seems that the differences

between these two forms are principally ones

of age, and magnus should be referred to the

synonymy of cyanoguttatus.

Meristic data of the three Marquesan speci-

mens of cyanoguttatus are given in Table 4.

Randall (1955 h: 189) collected a 35 mm.
specimen of Ctenochaetus from the Gilbert Is-

lands which was not identified to species. It

was brown with a bright yellow caudal peduncle

and caudal fin. The specimen is shown in Figure

TABLE 4

Counts from Specimens of Ctenochaetus

cyanoguttatus from the Marquesas Islands

standard
length
(mm.)

NUMBER OF TEETH
NUMBER OF
SOFT RAYS

Upper Lower Dorsal Anal

120 41 54 27 24

202 46 65 26 24

212 42 67 27 24
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FIG. 5. Juvenile of Ctenochaetus binotatus Randall

from the Gilbert Islands; standard length 35 mm.

5 of the present paper. As a result of the exam-

ination of specimens of C. binotatus taken in

the Society Islands, it is now apparent that the

one from the Gilbert Islands is a juvenile of

this species. The upper teeth with seven instead

of six denticulations and the bright yellow

caudal coloration are juvenile characteristics.

No positive record of the life color of adults

was available for the description of C. binotatus.

The following color notes made from specimens

speared in Papetoai Bay, Moorea, are therefore

presented. A 130 mm. adult was chestnut brown

on the head and body with narrow, blue, length-

wise lines on the body and small blue spots on

the head and thorax; the median fins were

brown; the caudal, however, was observed to be

dull yellow underwater and after the fish was

speared the color of the fin alternated from

entirely brown to brownish yellow on the upper

half and brown on the lower; also evident while

the fish was still alive was a temporary suffusion

of brownish yellow over the body and dorsal

and anal fins; faint diagonal-lengthwise bands

of dull orange were visible in the dorsal fin, and

the dorsal and anal had a narrow blue-black

margin and the diagnostic black spot at rear base

of each of these fins; the pectoral membranes

were hyaline, the rays yellowish brown; the iris

was deep blue. A 31 mm. specimen in a late

phase of transformation from the acronurus to

the juvenile state was brown with vivid yellow

caudal fin, caudal peduncle, and posterior part

of dorsal and anal fins (thus emphasizing the

black spot at rear base of the latter two fins )

;

blue spots were present anteriorly on the body

and blue lengthwise lines posteriorly.

Juveniles are commonly seen on the shore

reef of Papetoai Bay at a depth of about 3-6
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ft.; adults occur in the bay at a depth of 30-40

ft. at the base of the vertical front of the shore

reef. Acanthurus thompsoni was observed and

collected from the same general habitat, though

more over the sand adjacent to the vertical reef

front.

Ctenochaetus strigosus is here recorded from

the Society Islands and Marquesas for the first

time. This species in French Oceania also dis-

plays a striking color change from juvenile to

adult. The young are entirely bright yellow-

the fourth species of surgeonfish known to have

a yellow juvenile stage (the others are Acanthu-

rus pyroferus, A. olivaceus, and A. coeruleus

Bloch and Schneider; curiously, none of these

species appear to be closely related) . In the Ha-

waiian Islands, however, the young of C. strig-

osus are not yellow but are brown like adults.

As previously discussed (Randall, 1955^: 159)

a notable color difference exists between adults

in the Hawaiian Islands and the Philippines

and those in the Tuamotus. The caudal fin of

Hawaiian and Philippine fish is brown, whereas

it is white in specimens from the Tuamotus

(and the Societies and Marquesas). Specimens

from all of these areas (except the Philip-

pines), when alive have a bright yellow ring

around the eye or a rim of yellow adjacent to

the posterior edge of the eye. Even the yellow

juveniles clearly show a posterior rim of yellow,

for the yellow color is brighter adjacent to the

eye than on the rest of the head.

In the Society Islands the change from yellow

juvenile to dark brown, white-tailed adult colora-

tion takes place at a standard length of about

50 mm. There is considerable variation in size

at which this occurs, however. Yellow speci-

mens have been taken which are as large as

54 mm., and brown with white tail have been

taken as small as 45 mm. in standard length.

At Takaroa, Tuamotus, a specimen was collected

which was changing from yellow juvenile to

brown adult color at a standard length of 67

mm. A 32 mm. specimen was speared in Moorea

at a depth of 20 ft. which was in a late stage

of transformation from the acronurus to the

juvenile form (there was still a trace of silver

over the abdomen, and the scales on the body

were not fully formed ) . The specimen was dull

yellow-orange with bright orange caudal fin, a
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TABLE 5

Fin-ray Counts of Specimens of
Ctenochaetus strigosus FROM THE PACIFIC OCEAN

LOCALITY
DORSAL SOFT RAYS
25 26 27 28

ANAL SOFT RAYS
21 22 23 24 25

Hawaiian Is... 4 19 23 1 9 32 6

Philippines

and

East Indies. 3 6 4 7 6

Tuamotu
Arch 4 5 4 115 5 1

Society Is 4 4 1 5 2

Marquesas Is.. 1 1

blue eye, a narrow yellow rim on posterior half

of eye, and a narrow black margin on dorsal

and anal fins.

Dorsal and anal fin-ray counts (Table 5) of

C. strigosus are not as indicative of population

differentiation as color characters and shape of

the caudal fin (Randall, 1955d: 159).

Ctenochaetus hawaiiensis Randall ( 1955^:

155, 161, fig. 2), formerly known only from

the island of Hawaii, was collected by the author

in the Tuamotu Archipelago and Society Islands.

A 153 mm. specimen was speared at a depth of

120 ft. just north of the entrance to the pass at

the atoll of Tikahau, a 194 mm. specimen at

a depth of 15 ft. at the edge of a patch reef

in the lagoon of Takaroa, and a 163 mm. spec-

imen at a depth of 125 ft. outside the barrier

reef at Moorea. In the Tuamotus and Societies

this species was occasionally encountered at

depths of about 100-130 ft. The only individ-

ual seen in these islands in shallow water was

the Takaroa specimen. The three specimens col-

lected from French Oceania differed in life

color from the species in Hawaii only in their

possession of dark blue on the membranes of

the pectoral fins. This color was most pro-

nounced in the upper part of the fins. In body

proportions and all meristic data they agree

with Hawaiian material.

Specimens of C. hinotatus, C. strigosus, and

C. hawaiiensis from French Oceania have been

deposited in the USNM and the SNHM.

Also taken at Takaroa was a perplexing 175

mm. specimen of Acanthurus which is very

similar to A. olivaceus

.

Instead of a long band

of orange surrounded with deep blue on the

shoulder area, the orange in this specimen was

restricted to a small elongate patch extending

posteriorly from the upper end of the gill open-

ing for a distance equal to one eye diameter

(Fig. 6); the dark blue band, the diameter of

an eye in width, extended as a solid area as

far as the tip of the pectoral fin (when this

fin was applied to the body). When the spec-

imen was first seen, the caudal fin was cream

except for dark edges and a semicircular black

area in the median posterior part of the fin.

After being speared, the pale portion of the fin

darkened to light yellowish brown. The caudal

fin of A. olivaceus is normally dark brown with

a semicircular area of white (except for narrow

black posterior margin) in the same location

as the black area of the specimen in question.

In other respects the color was like olivaceus.

There was a deep brownish-red band at the

extreme base of the dorsal and anal fins; the

anal was narrowly edged with blue; the outer

third of the pectoral fins was hyaline with a

tinge of yellow. The specimen was observed

swimming with several A. olivaceus before it

was speared. Later four specimens of olivaceus

were speared in the same area to provide com-

parison. No differences other than color could

be ascertained. The fin-ray and gill-raker counts

of the specimen (D IX, 24; A III, 23, P 17;

gill rakers 26) are within the range of the four

Fig. 6. A, Color mark which extends posteriorly

from upper end of gill opening of a 178 mm. variant

of Acanthurus olivaceus Bloch and Schneider, taken

at Takaroa, Tuamotus. The same mark occurred on all

of the A. olivaceus specimens seen in the Marquesas.

B, Usual color mark on shoulder of A. olivaceus. The
stippled region represents bright orange, the black

area dark blue.
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olivaceus (D IX, 24-25; A III, 23-24; P 17;

gill rakers 25-28). Two of the four olivaceus

displayed a restriction in width and intensity of

color of the posterior part of the orange shoulder

band. None, however, showed a darkening of

the white posterior area of the otherwise dark

caudal fin.

At the time it was collected, the specimen

was regarded as an aberrant color form of

olivaceus . Later at Ua Pou and Nuku Hiva in

the Marquesas, all of the olivaceus which were

seen were colored like this one Takaroa spec-

imen. Therefore it now seems likely that A.

olivaceus is subspecifically different in the Mar-

quesas and that occasional individuals drift as

larvae to the northern Tuamotus where they may
intergrade with the common olivaceus form

there. Because of a limited supply of formalin,

only a single specimen was brought back from

the Marquesas. It was speared in Anaho Bay,

Nuku Hiva, on July 16, 1957. It is 196 mm.
in standard length. The shoulder mark is 60

mm. in length, and the orange part of it 17 mm.
The caudal fin was pale yellowish with a black

crescent mid-posteriorly.

The Takaroa specimen was deposited in the

USNM and the Nuku Hiva one at the SNHM.
No nomenclatorial designation of the Mar-

quesan subspecies is offered at this time. Addi-

tional specimens should be procured from both

the Marquesas and Tuamotus.

A specimen of Acanthurus olivaceus in the

intermediate stage between yellow juvenile and

brown adult coloration was collected in the pass

of Takaroa. It is 134 mm. in standard length.

A year’s collecting of fishes in the Society

Islands and Tuamotus, resulting in the taking of

over 350 species of reef fishes, failed to yield

any specimens of the yellow Zebrasoma flaves

-

cens (Bennett), although the brown Z. scopas

(Cuvier) proved to be common (additional

fin-ray counts of the latter continue to be pre-

dominantly D IV, 24; A III, 20). When a rel-

atively large individual of the species Acanthu-

rus pyroferus still in the yellow color phase was

first sighted underwater in Tahiti by the author,

it was mistaken for Z. flavescens. The error was

not perceived until the specimen was speared

and regarded closely. Z. flavescens is recorded

to date from the Hawaiian Islands, Johnston Is-

land, Wake Island, northern Marshall Islands,

and Mariana Islands. Eibl-Eibesfeldt (1955:

217), in a paper concerning fish behavior, men-
tioned yellow Z. flavescens from Cocos Island

off Costa Rica. This record was based on under-

water observation and should be substantiated

with the collection of specimens.

A specimen of Zebrasoma scopas

,

25 mm. in

standard length, which was transforming from

the late postlarval or acronurus stage to the

juvenile form, was collected in Papetoai Bay,

Moorea, at a depth of 30 ft. on September 18,

1956. It was dark brown, shading to purplish

brown anteriorly, with vertical pale lines; the

chest was silvery and mottled with brown; the

ends of the median fins were narrowly hyaline.

Another, 26 mm. in standard length, was taken

in the bay March 21, 1957.

Zebrasoma rostratum (Gunther) has been

recorded previously only from the Society Is-

lands and the Tuamotus. This distinctive long-

snouted surgeonfish was collected by the author

at Takaroa and Takapoto in the Tuamotus,

where it is common on the outer reef. In spite

of extensive collecting in the Society Islands,

the type locality, it was not taken, nor was it

observed. The range of the species is here ex-

tended to include the Marquesas (one speci-

men taken at Anaho Bay, Nuku Hiva), Caroline

Atoll (one specimen taken off the lee reef),

and Palmyra, Line Islands (two specimens col-

lected by R. R. Rofen).

A large adult Naso rigoletto Smith (1951:

1126-1132, fig. 1), the most characteristic fea-

ture of which is a marked depression in the

contour of the back at the base of the spinous

portion of the dorsal fin followed by a hump,

was sighted by the author in the lagoon of

Moorea, Society Islands, at a depth of 90 ft.,

but the fish was not taken. Subsequently two

large specimens were purchased from the mar-

ket in Papeete, Tahiti. One was shipped to the

SNHM, and the other (Fig. 7) to the USNM.
This is the first record of the species from the

Pacific. It was previously known only from East

Africa. The National Museum specimen is a

565 mm. female lacking a horn on the fore-
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Fig. 7. Naso rigoletto Smith from Tahiti; standard

length 565 mm. Reproduced from a 35 mm. Koda-

chrome transparency.

head (according to Smith, only the males of

this species possess a long rostral prominence).

This fish was gray on the dorsal half of the body

and light gray ventrally. There were about five

small blue spots anteriorly on the body above

the pectoral fin and two such spots posteriorly

on the head. The caudal spines were not colored.

Fin-ray counts are as follows: D V, 30; A II,

29; P 17.

N. rigoletto was sighted underwater at Eiao,

Marquesas, as was N. lituratus ( Bloch and

Schneider ) ,
but was not taken.

The surgeonfishes previously known from the

Marquesas Islands include Ctenochaetus cyano-

guttatus, Acanthurus lineatus, A. triostegus, and

A. glaucopareius

;

all of these are common. The
acanthurids which represent new additions to

the Marquesan fauna are A. pyroferns, A. oliva-

ceus, Ctenochaetus strigosus, Zebrasoma rostra-

tum, A. achilles, A. guttatus Bloch and Schneider,

A. nigroris Cuvier and Valenciennes, A . xan-

thopterus Cuvier and Valenciennes (a 474 mm.
specimen; only the head preserved), A. blee-

keri Gunther, and Naso unicornis (Forskal).

The specimen of Acanthurus bleekeri is 280

mm. in standard length. It was one of a school

of about 30 fish at Eiao which varied in hue

from pale bluish to dark brown. The broad yel-

low band through the eye was conspicuous re-

gardless of ground color.

The specimen of Naso unicornis measured

448 mm. in standard length; it possessed a

horn which extended directly forward from the

eye. The lower edge of the horn measured 52

mm. from the head. Counts of the specimen

were as follows: D VI, 30; A III, 29; P 18. The
color in life was gray on the back shading to

yellow ventrally, with a patch of blue blotches

in the region of the pectoral fin; the dorsal and

anal fins were alternately striped with diagonal

bands of orange and blue; the caudal fin was

gray, becoming yellowish outwardly. Only the

caudal region and snout were preserved.

Most of the acanthurids from the Marquesas

Islands have been deposited in the SNHM.
Although only 12 days were spent in collect-

ing and observing fishes in the Marquesas, it

seems likely that certain surgeonfishes such as

Ctenochaetus striatus, Acanthurus nigrofuscus,

and A. gahhm, common throughout the South

Seas, are absent in this island group. Little ob-

servation is needed to notice that the Marquesas

have an impoverished fish fauna. This is more
evident for many other families of fishes, such

as the Labridae and the Chaetodontidae, than

it is for the acanthurids. The explanation for the

scant fauna probably lies both in the eastern

position of the Marquesas in the Indo-Pacific

in a region of westward-moving current and

in the paucity of coral reefs.

SUMMARY

1. Acanthurus chronixis is described as new
from Kapingamarangi Atoll, Caroline Islands.

The description is based on a single 211 mm.
specimen. Two juveniles from Ifaluk in the

Carolines, probably belonging to this species,

are described in detail. Due to slight meristic

differences from the holotype, these small spec-

imens are not designated as paratypes.

A. chronixis is one of three known species of

Acanthurus with eight dorsal spines. It appears

to be closely related to A. pyroferus, sharing

with it the dorsal-spine count, a somewhat

produced snout, and a spherical, thick-walled

stomach. It differs from A. pyroferus primarily

in color pattern.

2. The juvenile stage of Acanthurus pyroferus

is bright yellow in life with blue and orange

markings and a rounded caudal fin. It closely

resembles the angelfish Centropyge flavissimus,

thus suggesting mimicry.

3. The population of Acanthurus pyroferus in

the Society Islands appears differentiated from

populations in the Marshall Islands and Philip-

pines on the basis of a higher number of soft

rays in the dorsal and anal fins.
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4. Three specimens of the hybrid surgeonfish

Acanthurus achilles X Acanthurus glauco-

pareius, previously known only from Hull Is-

land in the Phoenix group, were collected in

the Tuamotu Archipelago. The life color of the

hybrids was noted to be intermediate to the

parent species.

5. Acanthurus nubilus, heretofore known only

from Celebes, was collected in Moorea, Society

Islands, where it is not uncommon outside the

barrier reef at depths of about 100 ft. The life

colors are given.

6. The acanthurids from a collection of fishes

in the Indian Ocean by J. Morrow are reported

on briefly. Fin-ray counts are given for Acan-

thurus leucosternon, A. lineatus, A. tennenti,

and Zebrasoma veliferum.

7. Acanthurus bicommatus Smith (1955: 694)

is a synonym of A. tennenti. A. melanosternon

Smith (1955: 693) from East Africa and is-

lands in the Indian Ocean is a valid species.

8. Ctenochaetus sp. Smith (1955: 693) from

Aldabra, Indian Ocean appears to be C. cyano-

guttatus.

9. Ctenochaetus magnus Randall ( 1955*7:

155, 162) is referred to the synonymy of C.

cyanoguttatus.

10. The specimen from Ua Pou, Marquesas,

reported by Fowler (1938) as Ctenochaetus

strigosus is C. cyanoguttatus. This species is com-

mon in the Marquesas, but C. striatus, usually

abundant in the tropical Pacific, was not ob-

served in this island group.

11. The 35 mm. Ctenochaetus sp. Randall

(1955 b: 189; 1955d: 1 64) from the Gilbert

Islands is a juvenile C. binotatus. This species

is recorded from the Society Islands, and the

juvenile and adult life colors are given.

12. Ctenochaetus strigosus is recorded from

the Society Islands. The young of this species

in this island group and the Tuamotus ( but not

in the Hawaiian Islands) are bright yellow in

life.

13. Ctenochaetus hawaiiensis is recorded from

the Tuamotu Archipelago.

14. Acanthurus olivaceus is subspecifically dis-

tinct in the Marquesas Islands. Evidence of in-

tergradation with the usual olivaceus form in the

northern Tuamotus is presented.

15. The brown Zebrasoma scopas is common
in the Societies and Tuamotus, but extensive

collecting and underwater observation failed to

reveal any of the yellow Z. flavescens in these

islands.

16. The range of Zebrasoma rostratum is ex-

tended to include the Marquesas Islands, Caro-

line Atoll (10° S, 150° W.), and Palmyra in

the Line Islands.

17. Two specimens of Naso rigoletto, known
previously only from East Africa, were obtained

in Tahiti, Society Islands.

18. The following surgeonfishes are here

recorded from the Marquesas for the first time:

Acanthurus pyroferns,
A. olivaceus, A. achilles,

A. guttatus, A. nigroris, A. xanthopterus, A.

bleekeri, Ctenochaetus strigosus, and Naso uni-

cornis.
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Two New Species of Candacia (Copepoda: Calanoida)

from the Central Pacific, with Notes on Two Other Species 1

George D. Grice2 and Everet C. Jones3

During examination of plankton samples

collected from the central Pacific Ocean by the

Honolulu Biological Laboratory (formerly Pa-

cific Oceanic Fishery Investigations) of the U. S.

Fish and Wildlife Service, two species of Can-

dacia were found which appear to be un-

described. In addition to describing these two

species we present evidence that Candacia tur-

gida Wilson is a synonym of C. truncata (Dana).

We also include a description and figures of

Candacia norvegica (Boeck), a species appar-

ently rare in the Pacific Ocean.

We wish to acknowledge the help of Dr.

Thomas E. Bowman in loaning us type material

from the U. S. National Museum, and that of

Dr. Paul L. Illg for valuable suggestions during

the preparation of the type material and the

manuscript.

Candacia pofi new species

Figs. 1-21

LOCALITY AND MATERIALS: 1° 23' S., 112°

46' W. (U. S. Fish and Wildlife Service "Hugh
M. Smith" cruise 31, station 75-3, Oct. 31, 1955,

200-140 m. depth of tow; 23 females and 6

males). Physical, oceanographic, and other data

from this cruise have been published by King,

Austin, and Doty (1957).

Type material of Candacia pofi has been de-

posited in the U. S. National Museum as fol-

lows: Female holotype (USNM 102730), male

allotype (USNM 102731), 22 female paratypes

and 5 male paratypes (USNM 102732).

MEASUREMENTS: Measurements were made

1 Contribution No. 131, Hawaii Marine Laboratory,

University of Hawaii, with which one of the authors

(G. D. G.) was associated. Manuscript received Janu-

ary 16, 1959-
2 Fellow of the John Simon Guggenheim Memorial

Foundation, 1958-59. Present address: Woods Hole
Oceanographic Institution, Woods Hole, Massachusetts.

3 Bureau of Commercial Fisheries, Biological Lab-

oratory, Honolulu, Hawaii.

from a dorsal view along a sagittal plane. The
abdomen was supported by a plastic strip to

reduce flexion. The copepod, stained with methyl

blue and immersed in lactic acid, was mounted
under a cover slip supported by plastic strips

to avoid distortion due to pressure or a meniscus.

The total length was measured from the anterior

margin of the head to the ends of the caudal

furca. The abdomen was measured from the

anterior margin of the genital segment to the

ends of the caudal furca. These measurements

excluded the telescoped portions of the abdom-

inal segments. The ratios of the lengths of the

abdominal segments, however, include the tel-

escoped portions as indicated by dotted lines in

the figures. Pertinent measurements and ratios of

the cephalothorax and abdomen of the holotype,

allotype, 3 female paratypes, and 4 male para-

types are given in Table 1.

DESCRIPTION: In the adult female the ceph-

alothorax ( Fig. 1 ) is slender, being widest at

the first thoracic segment. The posterior lateral

angles of the thorax are produced into sharp

symmetrical processes which reach to a line in-

cluding 60 per cent of the length of the genital

segment (Fig. 3). The genital segment (Fig.

3) is symmetrical in dorsal view, longer than

wide and without lateral swellings or processes.

The genital pore is situated on a very large

protuberance which extends ventrad and caudad.

In lateral view (Figs. 2,4), the posterior margin

of this protuberance is approximately continuous

with the posterior margin of the genital seg-

ment. In ventral view (Fig. 5), the genital

protuberance is round with a slight lip at the

posterior margin. In the holotype, this lip is

slightly asymmetrical. The second abdominal

segment (Fig. 3) is asymmetrical in dorsal

view, the right margin being convex and the

left margin straight. The ventral surface is

wrinkled and bears a low process which extends

to the left as a lobe with a more or less crenulate

margin.
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The dorsal surface of the anal segment (Fig.

3) bears a very prominent, broad bifurcate

process pointing caudad. The posterior lateral

surface of each of the diverging tubercles of

this process has a patch of very fine teeth visible

under 100X magnification. In the holotype,

these tubercles appear to be slightly asymme-

trical in size and in details of minute swellings

and creases. Examination of paratype material

indicates that there is variation in these details

and also in the ventral lobe of the second ab-

dominal segment.

The furcal rami (Fig. 3) are longer than

wide. The outermost furcal setae are thick and

originate high on the lateral margins of the

rami. There is a small tooth dorsad of the origin

of the middle major seta of each ramus.

The proximal seven segments of the first

antennae are thickened. The first segment has

three small spines, and segments 2 through 6

have small marginal spines ( Fig. 6 ) . It is prob-

able that additional segments had spines which

have been lost in the material at hand.

The second antennae are similar to those of

other members of the genus. The exopod has

six setae plus a minute one; the second en-

dopodal segment is divided into two lobes, the

external with six setae plus a minute one and

the internal with five setae plus a minute one.

The exopod of the mandibular palpus has

five setae; the endopod has six. The mandibular

blades (Fig. 7) are composed of a large point

and a basal tooth with three points decreasing

in length mediad.

The first maxillae are best described by ref-

erence to Figure 8.

The second maxillae (Fig. 9) are large and

have the form of maxillipeds. The basal seg-

ment is composed of four lobes. There is a single

long seta on the first lobe with a minute seta

at its base, two small setae on the internal mar-

gin of the second lobe, and one large spine with

a short spine at its base on each of the third

and fourth lobes. There are two long spines of

about equal length on the second basipodal seg-

ment, and the proximal one has a minute spine

at its base. Distad of the second basipodal seg-

ment are three very long, curved spines, the

middle of which is the longest. Three very

small bristles arise from the base of the distal

spine.

The maxillipeds are reduced in length (Fig.

10). The first segment is about as long as the

remaining segments combined and is 1.7 times

the length of the second. There is a tubercle on

the internal margin of the first segment near

the proximal end and a single long seta just

distad of the midpoint of that margin. Two
slender setae, one twice the length of the other,

arise from the junction of the first and second

segments. At about the midpoint of the internal

margin of the second segment, there is a patch

of hair proximad of three setae. The distal end

of this segment appears to receive the proximal

end of the third so that the second and third

each have three setae. Vervoort (1957), in

describing C. maxima

,

attributes four setae to

the second segment and two to the third. Gies-

brecht (1892, pi. 21, figs. 26, 27) indicates

that in C. longimana Claus the fourth seta is

between the two segments but in C. bispinosa

Claus it is on the third segment. This appendage

is usually regarded as having little diagnostic

value, but the origin of the fourth seta might

add a distinguishing character. The fourth,

fifth, and sixth segments have a pair of setae,

the distal one in each pair being longer. Distad

of the sixth segment are two long setae of almost

equal length.

The lengths of the third exopodal segments

of swimming feet 1 to 4 (Figs. 11-14) have

the following relation to that of their respective

terminal spines: 1: 1, 2:1, 3:1, and 3:2.

The symmetrical fifth feet (Fig. 15) are long

and slender, each ending in two sharp, smooth

terminal fingers. The inner finger is about four

times the length of the outer finger. There are

two external spinous processes located at points

about one-fourth and two-thirds of the segment

length from the proximal end of the distal seg-

ment. There are no internal spines or setae. The
penultimate segment bears a single seta, and

the ratio of the length of that segment to that

of the distal segment is 1 : 4.6.

Brown pigmentation in the female is

restricted to the following structures: the fif-

teenth segment of the first antennae, the setae

of the second antennae and the mandibular

palpi, the second segment of the second max-
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TABLE 1

Total Lengths, Cephalothorax-Abdomen Ratios, and
Abdominal Segment Ratios of Candacia pofi

total
length
(mm.)

CEPHALOTHORAX-
ABDOMEN RATIO

RELATIVE LENGTH OF ABDOMINAL SEGMENTS

SPECIMENS 1 2 3 4 5 Furca

Females

Hoiotype 2.30 2.75:1 38 32 16 14 = 100

Paratype 2.41 2.64:1 42 30 16 12 - 100

Paratype 2.41 2.55:1 41 32 16 11 = 100

Paratype 2.36 2.75:1 39 29 17 15 = 100

Males -

Allotype 2.28 2.52:1 21 21 21 14 9 14 = 100

Paratype 2.21 2.61:1 21 21 21 14 9 14 = 100

Paratype 2.24 2.38:1 21 21 21 14 9 14 = 100

Paratype 2.23 2.54:1

Paratype 2.21 2.43:1

like, the third exopodal segments of swimming
feet 1 to 4, and the fureal setae.

The pertinent measurements and ratios of

the adult males are presented in Table 1. The
posterior lateral angles of the male cephalo •

thorax (Fig. 16) are produced into asymme-

trical processes. The left is sharp and reaches to

the posterior margin of the genital segment.

The right process (Fig. 18) is thick and slightly

curved inward and reaches to a line including

one-quarter of the length of the second abdom-

inal segment. In lateral view (Figs. 17, 19), this

right process is thick and truncate with a con-

vex dorsal margin and a concave ventral margin.

The male genital segment (Fig. 18) is asym-

metrical with a rounded swelling tipped with

a small button on the right side. In lateral view

(Fig. 19) the swelling appears as two or three

concentric, incomplete circles. The left posterior

margin of the genital segment Is broken by the

genital opening. In the allotype, a canal is vis-

ible from the genital opening to a sperma-

tophore (Fig. 18).

The geniculate right antenna (Fig. 20) is

armed with coarse, unequal pigmented teeth on

segment 18, fine pectination on segment 17 ex-

tending onto the anterior margin of a distal

spinous process, and very fine pectination on

segment 19. Segments 17, 18, 19, and 20 are

separate.

The right fifth foot ( Fig. 2 1 ) is chelate with

the tip of the distal segment reaching slightly

beyond that of the penultimate segment. The

terminal spine is turned flat against the surface

of the distal segment. The left fifth foot is

broad and ends in a spatulate segment (Fig.

21 ).

Pigmentation is similar to that of the female.

In addition, the geniculate portions of the right

first antenna are heavily pigmented. There is no

pigmentation on the right thoracic process or

the genital segment.

remarks: The female of C. pofi resembles

C. cheimra Cleve (as described by Farran, 1929)

in having ventral protuberances on the genital

and second abdominal segments, and thick ex-

Figs. 1—21. Candacia pofi n, sp. 1, female, dorsal view; 2, female, lateral view; 3, fourth and fifth thoracic

segments and abdomen, dorsal view, female; 4, fourth and fifth thoracic segments and abdomen, lateral view,

female; 5, abdomen, ventral view, female; 6, proximal 10 segments of first antenna, female; 7, mandibular

blade, female; 8, first maxilla, female; 9, second maxilla, female; 10, maxilliped, female; 11, third exopodal

segment of first foot, female; 12, third exopodal segment of second foot, female; 13, third exopodal segment

of third foot, female; 14, third exopodal segment of fourth foot, female; 15, fifth foot, female; 16, male, dorsal

view; 17, male, lateral view; 18, fourth and fifth thoracic segments and abdomen, dorsal view, male; 19, fourth

and fifth thoracic segments and abdomen, lateral view, male; 20, segments 13 through 19, right first antenna,

male; 21, fifth feet, male. Figures 1-12 and 15 drawn from hoiotype; Figures 13 and 14 from paratype. Fig-

ures 16-19 and 21 drawn from allotype; Figure 20 from paratype.
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ternal furcal setae. It can be distinguished from

C. cheirura by the asymmetry of the abdomen

in dorsal view and by the presence of dorsal

tubercles on the anal segment. The female re-

sembles C. armata Boeck (as described by G.

O. Sars, 1903) in having an asymmetrical sec-

ond abdominal segment. It can be distinguished

from this species by the extremely large genital

protuberance, the ventral lobe of the second ab-

dominal segment extending to the left rather

than to the right, the dorsal tubercles on the

anal segment, and details of the fifth feet.

The geniculate antenna of the male C. pop

resembles that of C. armata Boeck ( as described

by Sars, 1903), C. bradyi and C. discaudata A.

Scott, C. bipinnata Giesbrecht, and C. cheirura

Cleve in having segments 17, 18, 19, and 20

separate and in having coarse, unequal pig-

mented teeth on segment 18. C. pop can be

distinguished from C. bradyi and C. discaudata

by the produced right thoracic process. It can

be distinguished from C. armata
,
C. bipinnata,

and C. cheirura by the low, rounded genital

process in lieu of the sharp spinous process in

those species. The name of this species is de-

rived from Pacific Oceanic Fishery Investiga-

tions.

Candacia guggenheimi new species

Figs. 22-41

LOCALITIES AND MATERIALS: 26° 25.2' N.,

155° 03.0' W. (U. S. Fish and Wildlife Serv-

ice "Hugh M. Smith” cruise 25, sta. 33, Feb.

10, 1954, 200-0 m. depth of tow, 2 females, 4

males); 32° 33' N., 148° 51.5' W. ("Hugh M.
Smith” cruise 25, sta. 53, Feb. 22, 1954, 200-0

m. depth of tow, 1 male); 23° 56' N., 157° 31'

W. ("Hugh M. Smith” cruise 30, sta. 112-1,

Aug. 27, 1955, 140-0 m. depth of tow, 1 fe-

male); 21° 55' N., 158° 08' W. ("Hugh M.

Smith” cruise 32, sta. 26, Feb. 5, 1956, 200-140

m. depth of tow, 1 female, 1 male); 0° 00', 149°

38' W. ("Hugh M. Smith” cruise 47, sta. 29,

Oct. 27, 1958, 500 m. depth of tow, 1 female).

This species has also been observed in samples

collected at the following stations on "Hugh M.
Smith” cruise 25 (all 200-0 m. collections):

21° 36.5' N., 159° 00' W. (sta. 2, Jan. 16,

1954); 33° 55.7' N., 164° 58.5' W. (sta. 11,

Jan. 22, 1954); 26° 31' N, 160° 00' W. (sta.

26, Jan. 30, 1954); 22° 03.7' N., 158° 40' W.
(sta. 29, Feb. 1, 1954); 29° 32' N., 155° 04.8'

W. (sta. 35, Feb. 12, 1954); 32° 30' N., 154°

59' W. (sta. 37, Feb. 13, 1954). Physical, ocean-

ographic, and other data for cruise 25 have

been summarized by McGary and Stroup

(1956) and that for cruise 30 by McGary,

Jones, and Austin (1956).

Type material of C. guggenheimi has been

deposited in the U. S. National Museum. A
female from cruise 25, sta. 33, was selected as

the holotype (USNM 102733). A male from

this station was designated the allotype (USNM
102734). Paratypes are as follows: 1 female,

3 males, cruise 25, sta. 33 (USNM 102735);

1 male, cruise 25, sta. 53 (USNM 102736); 1

female, cruise 30, sta. 112-1 (USNM 102737);

1 female, 1 male, cruise 32, sta. 26 (USNM
102738); 1 female, cruise 47, sta. 29 (USNM
102739).

MEASUREMENTS: All measurements were

made in the method described for the preceding

species. The total length of five adult females

ranges from 1.94 to 2.06 mm. The lengths and

cephalothorax-abdomen ratios, based on three

of these individuals are: holotype 2.01 mm.,

2.9:1; paratypes 1.96 mm., 2.8:1; 2.04 mm.,

3.1:1.

The total length of six adult males varies

from 1.90 to 2.00 mm. These lengths and the

Figs. 22-41. Candacia guggenheimi n. sp. 22, female, dorsal view; 23, female, lateral view; 24, fourth

and fifth thoracic segments and abdomen, dorsal view, female; 25, genital segment, ventral view, female; 26,

proximal seven segments of first antenna, female; 27, mandibular blade, female; 28, first maxilla, female;

29, second maxilla, female; 30, maxilliped, female; 31, third exopodal segment of first foot, female; 32, third

exopodal segment of second foot, female; 33, third exopodal segment of third foot, female; 34, third exopodal

segment of fourth foot, female; 35, fifth foot, female; 36, male, dorsal view; 37, male, lateral view; 38, fourth

and fifth thoracic segments and abdomen, dorsal view, male; 39, fourth and fifth thoracic segments and

genital segment, lateral view, male; 40, segments 17 through 19, right first antenna, male; 41, fifth feet, male.

Figures 22, 23, 27, and 34 drawn from paratype; Figures 24-26, 28—33, and 35 drawn from holotype. Figures

36-39 and 41 drawn from allotype; Figure 40 drawn from paratype.
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cephalothorax-abdomen ratios, based on four

of these, are: allotype 1.90 mm., 2.91:1; para-

types 1.92 mm., 2.9:1; 1.94 mm., 2.7:1; 2.00

mm., 2.7 : 1.

DESCRIPTION : The general shape of the adult

female is similar to other species of the genus

Candacia. The head is truncate in dorsal view;

thoracic segments 4 and 5 are fused and pro-

duced posteriorly into two symmetrical points

(Fig. 22). In lateral view (Fig. 23), a small

hump is visible on the dorsal surface at the

junction of the head and first thoracic segment.

The genital segment is slightly asymmetrical;

the lateral swelling on the left side is smaller

and somewhat more expanded than that on the

right side (Figs. 24, 25). A single dorsal spine

is present on each swelling. The abdominal seg-

ments and furca have the following proportions

(based on holotype): 40, 26, 19, 15 — 100.

The first antennae, when held against the

body, reach to about the tips of the furcal rami.

The proximal part of the antenna is thickened

and consists of seven segments (Fig. 26). Seg-

ments 1 through 6 and 8 through 12 have one

spine. There are indications that additional seg-

ments are furnished with a spine but no perfect

antennae were present among the specimens

examined.

The second antennae are similar to those of

other species of Candacia. Basipodal segments 1

and 2 have one seta. Segment 2 of the endopod

ends in two lobes. The outer lobe has six large

and one small setae. The inner lobe has five

large and one small setae and one minute seta

proximad of the small one.

The exopod of the mandible apparently con-

sists of four segments, the first three of which

are furnished with a single seta. The terminal

segment has two setae. The endopod is com-

posed of one segment which is provided with

six setae. The basal tooth of the mandible is

furnished with two subequal points and a mar-

ginal point (Fig. 27).

The first maxillae are best described by ref-

erence to Figure 28.

The second maxillae are of large size (Fig.

29). The basal segment has four lobes. There

are three long and one very short setae on the

first lobe, one long and one short seta on the

second lobe, one long and one short spine on the
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third lobe, and one long and one short spine on
the fourth lobe. The second basipod segment has

two subequal spines, the proximal one has a

minute spine at its base. The endopod is fur-

nished with three spines, the middle of which

is slightly longest. In addition there are three

bristles on the terminal part of the endopod.

The maxillipeds (Fig. 30) are small. The
first basal segment is more than twice as long

as the second basal segment. The former has

one seta at a point about two-thirds of the

segment length from the proximal end and two

setae on the distolateral corner. The second basal

segment is furnished with three unequal setae

and one other seta on the apparent apex. Hair

is present on the internal margin of this seg-

ment. The five endopodal segments are each

furnished with one long and one short seta. The
long seta on the terminal segment is somewhat

longer than those on the other endopodal seg-

ments.

The third exopodal segments of swimming
feet 1 to 4 are shown in Figures 31-34. The

relative lengths of these segments to their re-

spective terminal spines are as follows (based

on several specimens): 1:1, 1:0.8 (estimate),

1 :0.6, and 1:1.

The fifth feet are symmetrical and each termi-

nates in one long stout finger and one short

spinous process (Fig. 35). The former is about

three times longer than the latter. The finger

has several rounded serrations distally, and the

spinous process is finely serrate. The external

margin of the segment has two spinous proc-

esses. The internal margin bears two subequal

setae in all observed specimens except one

("Hugh M. Smith” cruise 47, sta. 29-1) which

has three internal setae on one foot.

The following appendages of the preserved

holotype are pigmented: the distal 18 segments

of the first antennae, the distal spinelike claw

on the first inner lobe of the first maxillae, por-

tions of the first basipod segment and the distal

five spines of the second maxillae, basipodal

segments 1 and 2 of the first four pairs of swim-

ming feet, and the terminal finger and spinous

process of the fifth pair of feet. The female

collected on "Hugh M. Smith” cruise 47, sta.

29, has additional pigmentation as follows: the

distal 20 segments of first antennae, the spines
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on lobes 3 and 4 of the second maxillae, much

of both rami of swimming feet 1 to 4 including

several setae on the second and third exopodal

segments and second endopodal segment, and

the first basipodal segment of the fifth pair of

feet.

The adult male (Figs. 36, 37) is slightly

smaller than the female. The right posterior

lateral process of the fifth thoracic segment is

produced posteriorly and curved inward in dorsal

view (Fig. 38). It reaches to the middle of the

protrusion on the genital segment. In lateral

view, the thoracic process has a decided upward

bend (Fig. 39). The genital segment has a

bilobed protrusion arising from near the poste-

rior end of the right margin (Fig. 38). The

abdominal segments and furca have the follow-

ing ratios (based on three specimens): 22, 24,

20, 13,9, 12 = 100.

Segments 17, 18, 19, and 20 of the right

first antenna (Fig. 40) are separate, with 17,

18, and 19 toothed. The nearly uniform teeth

on segment 18 are coarser than those on seg-

ments 17 and 19. The fifth feet are shown

in Figure 41.

The following body parts and appendages of

the male are pigmented (based on examination

of several specimens): segments 17 to 25 of

the right antenna, the distal 17 segments of the

left antenna, the process on the right corner of

the fifth thoracic segment, the clawlike spine

on the distal part of the first inner lobe of the

first maxillae, portions of the first basipod and

spines on lobes 3 and 4 and the five large distal

spines of the second maxillae, basipodal seg-

ments 1 and 2 of swimming feet 1 to 4.

REMARKS: The female of C. guggenheimi

superficially resembles C. longimana Claus. The
spines on the dorsal surface of the genital seg-

ment, the structure of the fifth pair of feet, and

the somewhat smaller size of this species readily

distinguish it from C. longimana. The bilobed

protrusion on the genital segment and the struc-

ture of the fifth feet serve to distinguish the

male. This species is named for the late Simon

Guggenheim, one of the founders of the John

Simon Guggenheim Memorial Foundation.

FIGS. 42-45 . Candacia truncata (Dana). 42
,
fourth

and fifth thoracic segments and abdomen, left lateral

view, female, showing cement mass attached to genital

segment; 43 , 44 ,
unlike fifth feet, female, from same

specimen; 45 ,
fifth foot, female, with serrated external

spinous processes, from another specimen.
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NOTES ON TWO OTHER SPECIES

Candacia truncata (Dana)

Figs. 42-45

Candace truncata Dana, 1849, Proc. Amer.

Acad. Arts Sci., 2: 24.

Candacia truncata Giesbrecht and Schmeil,

1898, Das Tierreich, 6, p. 130; auct.

Candacia turgida Wilson, 1950, U. S. Natl.

Mus. Bui. 100, 14(4): 183-184. New
synonomy.

In the course of examining plankton samples

we have encountered numerous individuals of

a species which appears to agree with the

description of C. turgida Wilson (1950). We
believe, however, that these specimens, as well

as C. turgida, are identical with C. truncata

( Dana )

.

The pigmented process on the ventral side

of the female genital segment (shaded portion

of Fig. 42), which Wilson considered to be a

protrusion of that segment, appears to be a

mass of cement associated with a spermatophore.

In most of the samples examined there were

some females with this mass and others without.

Furthermore, the mass can be removed quite

easily with a needle. Tanaka (1935) presented

a figure of a female C. truncata showing such a

mass adhering to the genital segment.

Wilson’s figure of the female fifth feet (1950:

pi. 22, fig. 308) of his C. turgida apparently is

not complete in detail. Dr. Thomas E. Bowman
has kindly sent us a sketch of the fifth feet from

one of the syntypes of this species. His sketch

and the numerous fifth feet examined from our

material agree in the structure of the large

terminal finger. The external margin of this

finger in all specimens examined and in Dr.

Bowman’s sketch is finely serrate along most of

its length. The distolateral and two external

spinous processes are, however, somewhat vari-

able. In some specimens the distolateral spinous

process has one or two relatively large teeth

on the internal margin as figured by Giesbrecht

(1892). One has a single external tooth op-

posite two internal ones; another has seven small

internal teeth. In some specimens the feet are

asymmetrical, being unequal in length and with

unlike dentition on the distolateral spinous

process. One specimen has four teeth on one

foot and two on the other. In yet another, this

process is toothed on one foot and smooth on

the other. Figures 43-45 show some of the

variations of the fifth feet of the female C. trun-

cata from the central Pacific. Typical males of

C. truncata have also been observed in our

collections. Specimens of this species were ob-

tained in the following localities: 22° 03.7' N.,

158° 40' W. ("Hugh M. Smith’’ cruise 25, sta.

29, Feb. 1, 1954, 200-0 m. depth of tow);

0° 00', 149° 36' W. ("Hugh M. Smith’’ cruise

47, sta. 30, Oct. 27, 1958, surface collection).

Seven females from 23° 55' N., 157° 31' W.
("Hugh M. Smith” cruise 30, sta. 112-2, Aug.

27, 1955, 49 m. depth of tow) have been de-

posited in the U. S. National Museum (USNM
102740).

Candacia norvegica (Boeck)

Figs. 46-65

The distribution of Candacia norvegica

(Boeck) in the North Atlantic has been sum-

marized by Farran (1948). Sewell (1932)

described a variety tropica from the Indian

Ocean. In his reports on the Carnegie and Al-

batross collections, Wilson (1942, 1950)

recorded C. norvegica from many stations in

the tropical and temperate Pacific Ocean. In a

Figs. 46-65. Candacia norvegica (Boeck). Figures 46-62 refer to Pacific specimens; Figures 63-65 to

Atlantic specimen. 46, female, lateral view; 47, abdomen, dorsal view, female; 48, lateral view of left genital

spinous process; 49, lateral view of right genital spinous process; 50, 51, mandibular blades from one indi-

vidual female, showing unlike basal teeth; 52, first maxilla, female; 53, second maxilla, female; 54, fifth feet,

female, with two external spinous processes on each foot; 55, fifth feet, female showing three external spinous

processes on one foot and two on the other; 56, male, dorsal view; 57, male, lateral view; 58, fourth and fifth

thoracic segments and abdomen, dorsal view, male; 59, genital segment, ventral view, male; 60, fourth and

fifth thoracic segments and genital segment, right lateral oblique view, male; 61, segments 17 through 19,

right first antenna, male; 62, fifth feet, male; 63, abdomen, dorsal view, female; 64, left genital spinous proc-

ess; 65, right genital spinous process. Figures 47-49 and 54 are from Pacific female 2.96 mm. total length;

all others of Pacific female are from specimen 2.80 mm. total length.
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TABLE 2

Comparison of Female Candacia norvegica from Georges Bank,
the Pacific, and Variety tropica

TOTAL ABDOMEN RATIO =100
LENGTH* CEPHALOTHORAX- SEGMENT NUMBER

SOURCE (mm. ) ABDOMEN RATIO* 1 2 3 Furca

Georges Bank (USNM) 3.24 2.89:1 45 24 18 13
Pacific 2.96 2.66:1 45 24 17 14
Pacific 2.80 2.83:1 44 22 19 15

Variety tropica (Sewell, 1932)f 2.28 2.92:1 43 25 19 13

* Includes telescoped portion of abdominal segments of the specimens from Georges Bank and from the Pacific. Sewell’s data
used for tropica.

t Sewell apparently reversed the figures for the ratio of the anal segment and furca. Measurement of his figure of the abdo-
men shows that the length of the anal segment exceeds that of the furca.

recent paper, Fleminger and Bowman ( 1956)

have reported that Wilson’s determinations

were incorrect and that C. norvegica was not

present in any of the Carnegie and Albatross

material in the U. S. National Museum. The

only other mention of this species from the

Pacific appears in Tanaka’s (1953) list from

the Izu region off southern Japan. Because no

description or figures have been given of Pacific

specimens and because of the apparent rarity

of the species in that ocean, we are including

a description based on two females and one

male collected in the central North Pacific. These

specimens were collected at 37° 43.9' N., 165°

0.5' W. ("Hugh M. Smith” cruise 25, sta. 13,

Jan. 24, 1954, 200-0 m. depth of tow, 2 females

and 1 male) and have been deposited in the

U. S. National Museum (USNM 102741).

We have compared our specimens with At-

lantic C. norvegica collected south of Georges

Bank (northwest Atlantic) and loaned to us

by the U. S. National Museum, with Sewell’s

description of tropica, and with Sars’ ( 1903

)

redescription of C. norvegica based on speci-

mens from the Norwegian Sea. Differences in

the details of the lateral spines of the female

genital segment were found. Sars implied in his

description that these spines are simple and

single pointed. Variety tropica Sewell is stated

to have bifid spines on both sides. Our Pacific

specimens agree with tropica in this respect,

but the spines are somewhat smaller (Figs. 48,

49). The Georges Bank specimen examined by

us has a slightly bifid tip on the left spine and

a simple spine on the right (Fig. 64). Further-

more, Sars stated that the genital segment is

perfectly symmetrical, but in the specimens

from the Pacific (Fig. 47) and Georges Bank
(Fig. 63) and in tropica

,

the left spine is larger

than the right. We believe that the size and

detail of these spines is variable and may be of

little diagnostic value. Table 2 gives the total

length, cephalothorax-abdomen ratio, and ab-

dominal segment ratios of the specimen from

Georges Bank, Pacific specimens, and Sewell’s

variety tropica.

The structure of the female fifth feet pre-

sents some variation among specimens from the

Pacific and Georges Bank, Sewell’s tropica, and

Sars’ description. Sewell stated that the fifth

feet of tropica were unlike norvegica in that

there are two rather than three "spines” on the

outer margin of the distal segment, but Sars

(1903) mentioned that this margin may have

two or three small "denticles.” Of our two Pa-

cific specimens, one has two spinous processes

on each foot (Fig. 54), and the other has two

on one foot and three on the other (Fig. 55).

The Georges Bank specimen has two outer

spinous processes on each foot. It appears that

this is a variable characteristic. In tropica the

two terminal fingers of the fifth feet are equal,

but in all others examined or described the

length of the outer is about twice that of the

inner finger.

Sars stated that the points on the corners of

the fifth thoracic segment diverge in dorsal

view, but in all other specimens and descrip-

tions examined by us these points point straight

caudad.
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The male from the Pacific (Figs. 56-62)

agrees closely with the Georges Bank specimen

and with the description given by Sars. The

total length of our specimen is 2.68 mm. and

that of the Atlantic specimen is 3.23 mm.
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Contributions to the Knowledge of the Alpheid Shrimp
of the Pacific Ocean

Part VI. Prionalpheus, a New Genus of the Alpheidae 1

Albert H. Banner and Dora May Banner2

In the extensive collections of shrimp upon

which this series of papers is based, there are

three fragmentary specimens in which the mouth

parts are entirely unlike those of any other

genus of the family Alpheidae. These are of

two species but, because of the fragmentary

condition of the specimens, only one of the

species is named. The specimens were collected

in Fiji and the Society Islands while the senior

author was there under a grant from the Bernice

P. Bishop Museum, Honolulu. The study has

been supported by grants from the National

Science Foundation (NSF-G 1754 and NSF-G
3863).

Prionalpheus gen. nov.

DIAGNOSIS: Body form usual, similar to Al-

pheopsis; rostrum present and small; supra-,

extra-, and infracorneal teeth lacking; anterior

carapace projecting to cover corneas from dorsal

and lateral view, flat, not inflated to form orbital

hoods; antennules and antennae normal for fam-

ily; mandibles without a trace of molar process,

incisor process greatly expanded and consisting

of five strong teeth, the most anterior tooth of

left mandible developed as an awl-shaped proc-

ess that slides within almost closed tube formed

by corresponding portion of right mandible;

maxillulae with middle lobe moderately or

greatly expanded, inner lobe bearing strong

spines; maxillae reduced in size, endites greatly

reduced, palp present, scaphognathite relatively

small and narrow; first maxilliped with endite

large and rounded, endopod without apparent

segmentation, exopod well developed but with-

out any basal exite, epipodites present; second

maxilliped with basal article of endopod ap-

parently united with basipodite and large, next

1 Contribution No. 132, Hawaii Marine Laboratory.

Manuscript received November 1, 1958.
2 Department of Zoology and Entomology, Univer-

sity of Hawaii, Honolulu.

article somewhat to greatly reduced, penultimate

article not greatly expanded and ultimate article

rounded in outline rather than short and later-

ally expanded; third maxillipeds not markedly

different from those of other genera; only one

cheliped known, similar in form to those of

Alpheopsis equalis Coutiere; second legs with

carpus divided into three or four articles; fol-

lowing legs slender, elongate with biunguiculate

dactylus; pleura of sixth abdominal somite artic-

ulated; telson and uropods normal; no anal

tubercles; branchial formula apparently includ-

ing five pleurobranchs, no arthrobranchs, and

epipodites only on first and second maxilliped.

TYPE SPECIES: Prionalpheus triarticulatus

,

described below.

DISCUSSION: Even without both chelae of the

first pair, there can be no doubt that this genus

belongs to the family Alpheidae. This is shown

by the development of the sole chela on the

first walking legs and the chelate second legs

with a multiarticulate carpus, by the whole body

form, by the development of the carapace to

cover the orbits of the eyes, by the development

of the antennules and antennae, as well as by

less important characteristics like the form of

the third legs, the development of articulated

pleura of the sixth abdominal segment, and the

form of the telson and uropods. If it were not

for the unique development of the mouth parts,

these species would fall into the genus Al-

pheopsis without modification of the generic

description.

However, no mouth parts like these have

been described for any species of any genus of

the family. In Coutiere’s thesis ( 1899 : 153-173 )

the mouth parts of the members of the family

were shown to have little variation, with the

possible exception of the third maxilliped. No
subsequent publication has shown any greater

differences in the inner mouth parts, although

292
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Chace did erect a new genus Pomognathus

(193 7: 124, fig. 5) on the basis of a species

with an expanded third maxilliped. In Prional-

pheus the differences lie principally in the over-

development of the incisor process portion of

the mandibles, with the corresponding loss of

the palp and molar portion, and in the seem-

ingly primitive condition of the second max-

illiped, which, although it has coalescence of

some of the articles, assumes a form more

reminiscent of the maxilliped of Mysidacea than

those of most other Decapoda. The development

of the maxillulae differs in the two species, and

the modification of the maxillae and of the first

and third maxillipeds are not as striking. The

inclusion of this genus within the family Al-

pheidae will necessitate changes in its definition

as given by Coutiere ("Mandibles toujours pro-

fondement bipartites, palpe’ a deux articles. .

.

1899: 322).

As stated above, except for the development

of the mouth parts, this genus is most similar

to Alpheopsis within the family. Of course, with-

out the chelae it is difficult to decide where its

affinities lie, but even if they were present and

similar to those of Alpheopsis as they are ex-

pected to be, it would still be difficult to assign

this genus to any phylogenetic scheme for the

family. It is generally accepted that Athanas is

the most unmodified genus, and Alpheus and

Synalpheus the most highly modified, on the

basis of both the orbital hoods and development

of the large chela; such a scheme would leave

Alpheopsis in an intermediate position. How-
ever, Prionalpheus

,
intermediate in most char-

acteristics, is not intermediate in the modifica-

tion of the mouth parts.

The species of Alpheopsis available in the

collection, including Alpheopsis equalis Cou-

tiere, A. diaholus Banner, and A. tetrarthri Ban-

ner, have been re-examined to determine if they

have this modification of mouth parts. They

do not. However, two species described by Cou-

tiere, A. idiocarpus and A. fissipes (1908:4),

should also be re-examined; A, idiocarpus es-

pecially appears to be similar to P. triarticulatus.

It is unfortunate that the specimens were so

few in number, because a number of char-

acteristics should be investigated more thor-

oughly by dissection. For example, the origin

of the peculiar tooth on the ventral side of the

body at the base of the antennules should be

studied; the branchial formula should be de-

termined more carefully; the mouth parts of

the right side should be compared to those of

the left. With only three specimens represent-

ing two species, it was decided to leave the

specimens intact for future workers.

Little can be said of the distribution of these

species. All three were collected from the usual

collecting site for snapping shrimp, the reef

flat and the outer portion of the reef, in Fiji

and Tahiti. No special niche or commensal

association was noted for them, yet these three

specimens were the only ones found in all of

the collecting trips to similar habitats in these

and other islands, collections that produced

about eight thousand specimens. Presumably,

these species must have special environmental

requirements, but what the requirements may
be we cannot say.

The generic name is derived from the Greek,

prionos, meaning "saw”; the gender is masculine,

as it is in Alpheus

.

KEY TO THE SPECIES

Carpus of second legs with three articles; only

scattered setae on terminal article of third

maxillipeds, these not reaching over half the

length of that article

Prionalpheus triarticulatus

Carpus of second legs with four articles; terminal

article of third maxillipeds bearing numerous

setae equal in length to that article

Prionalpheus species

Prionalpheus triarticulatus sp. nov.

Fig. 1

TYPE AND ONLY SPECIMEN: A 107 mm. non-

ovigerous female (3-9 mm. carapace length)

collected in middle of reef flat on fringing reef,

Korolevu, Vitilevu, Fiji, by senior author, 17

March 1954 (BF-13).

DESCRIPTION: Rostrum triangular, base de-

marked from adjacent margin of carapace, tip

acute, reaching to end of first antennular article,

and bearing four short setae; dorsal surface

with slight carina. Anterior carapace obscuring

eyes from dorsal and lateral views, but not form
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Fig. 1. Prionalpheus triarticulatus Banner, a, b, Anterior body region; c, base of antenna and antennules,

in situ, ventral view; d, mouth parts of right side, medial view, showing groove on anterior end of mandible;

e, left mandible, posterior view; f, left mandible, medial view; g, first maxilla, with enlargement of teeth on

bristle; h, first maxilla, inner lobe, side opposite of g; i, second maxilla; j, k, l, first, second, and third max-
illipeds; m, distal articles, inner face, third maxilliped; n, chelipeds, lateral view; o, fingers of chela; p, second

legs; q, third legs; r, third leg of dactylus; s, telson and uropods.
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ing swollen orbital hoods; without trace of

ocular teeth; pterygostomial tooth produced and

acute.

Basal articles of antennules short and heavy,

with second article slightly broader than long;

lateral spine of stylocerite strong, with tip

reaching slightly beyond end of second an-

tennular article. Ventral lateral tooth of basi-

cerite heavy, acute, and curving under scapho-

cerite; superior lateral margin of basicerite

projecting as a rounded lobe; scaphocerite with

strong lateral spine, slightly curved towards tip,

and reaching beyond end of antennular pe-

duncle, squamous portion broad and anteriorly

rounded, reaching to end of antennular pe-

duncle; carpocerite equal in length to antennular

peduncle. Either basal article of antennules or

of antennae, or sclerite at their bases on ventral

side of head bearing a sharp, acute tooth (see

Fig. lc).

Mouth parts protrudent and conspicuous in

lateral view. Mandible large, curved distally and

flattened laterally, bearing five teeth; posterior

tooth acute, longer than middle teeth and

curved; three middle teeth strong, acute, and

of equal size; anterior tooth of left mandible

awl-shaped, curved, almost 4 times the length

of middle teeth and fitting into almost closed

groove developed by corresponding tooth of

right mandible; no trace of palp or pars molaris.

Maxillulae with middle lobe greatly expanded,

2.2 times as long as broad, exceeding the inner

lobe by 0.7 of its length, distally truncate with

rounded corners, and bearing two series of setae

on inner margin; inner lobe short, obliquely

truncate, and bearing strong terminal spine al-

most as long as article and four other shorter

spines, one curved; outer lobe smaller than inner

and bearing a single weak spine. Maxillae

reduced in size with total length of scaphog-

nathite equal to length of maxillule; endites

reduced to small lobes; palp without segments

and bearing only few setae; setiferous scaphog-

nathite narrow, with posterior lobe only 2 times

as long as broad. First maxilliped with endite

rounded, solitary (unless basal endites were lost

in dissection), bearing four strong articulated

spines and a few setae; endopod with no ap-

parent segmentation, bearing few setae; exopod

well developed; epipodite well developed, lobe-

like, rounded. Second maxilliped apparently

with only four articles distal to articulation of

exopod; basal article of endopod with maximum
length twice the breadth, inner margin bearing

strong spines; next article with maximum length

0.7 that of basal article; penultimate article

broader but shorter than preceding article,

bearing setae; ultimate article half as broad

and one-quarter as long as penultimate, bearing

five strong articulated spines. Third maxillipeds

normal for family, with ultimate article twice

length of penultimate, 0.3 length of basal article,

and bearing few short scattered setae along

margins.

Only one of first pair of legs present. Ischium

0.3 length of merus; merus 4 times as long as

broad, unarmed, bearing few scattered setae;

carpus somewhat cyathiform, distally expanded

to accommodate base of propodus; palm slightly

shorter than fingers, 0.7 as long as broad, some-

what compressed; fingers heavy, fixed finger

bearing fine serrations, dactylus with straight

cutting edge, free margin armed with setiferous

bristles; tips of fingers crossing.

Second legs with merus 7 times as long as

broad; three articles of carpus with ratio 10:2:3,

first article 0.8 as long as merus, twice as wide

distally as proximally; fingers and palm of chela

subequal, together 1.4 times as long as distal

article.

Third legs with ischium 0.4 length of merus,

bearing three setae; merus 5 times as long as

broad, unarmed; carpus 0.9 as long as merus,

also unarmed; propodus 1.4 times length of

merus, about 15 times as long as broad, armed

with short, very fine spines and setae along

inferior margin; dactylus biunguiculate, with

inferior unguis the heavier and shorter.

Telson 2.8 times as long as broad distally,

1.5 times as broad proximally as distally, sides

with uniform taper, tip broadly arcuate, dorsal

and terminal spinules small. Uropods narrow;

tooth on proximal article small; distal tooth on

outer uropod heavy, flanked by three smaller

teeth.

DISCUSSION: The origin of the spine on the

ventral side of head could not be ascertained

without dissections which would ruin the type
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specimen. It appears to arise from an inner

portion of the base of the antennae.

This species will be contrasted to Prional-

pheus species under that form. It is superficially

similar to Alpheopsis idiocarpus Coutiere, a

species that may be found to be in this genus

when it is re-examined; the two species differ,

however, even if the mouth parts should be

found to be similar, in the biunguiculation of

the dactylus of the third leg. Alpheopsis fissipes

Coutiere, which may also be found to belong

in this genus, differs in the number of articula-

tions of the carpus of the second legs.

The specific name refers to the number of

articles of the carpus of the second leg.

Prionalpheus sp.

Fig. 2

LOCALITIES: 1 female, nonovigerous, carapace

length 2.8 mm., total length 5.6 mm., from

Arue, Tahiti, in dead coral heads 5-10 ft. deep

(BD-3); 1 ovigerous female, carapace length

3.7 mm., total length 10.6 mm., from outer

edge of fringing reef at Korolevu, Vitilevu,

Fiji (BF-16); both collected by senior author.

Tahitian specimen with one second and one

third leg intact; Fijian specimen with only sec-

ond legs intact.

DESCRIPTION: Base of rostrum not demarked

from curvature of anterior margin of carapace,

tip of rostrum reaching to middle of first an-

tennular article and bearing four setae; ptery-

gostomial angle somewhat produced and acute,

but not projecting as a definite tooth.

Antennular peduncle short and heavy, with

second article about as long as broad; stylocerite

reaching almost to end of second antennular

article; outer flagellum bearing numerous heavy,

but not stiff, setae. Ventral lateral spine of

basicerite acute but shorter than that of P. tri-

articulatus; dorsal lateral lobe present; lateral

spine of scaphocerite reaching to middle of third

antennular article, rounded edge of squamous

portion to end of second article; carpocerite

reaching to end of antennular peduncle. No
ventral spine anterior to labrum at bases of

antennules or antennae.

Left mandibles similar to that of P. triartic-

ulatus except anterior awl-shaped tooth only

twice as long as adjacent tooth, and posterior

tooth not acute but rounded; anterior process of

left mandible fitting into corresponding groove

of right mandible. Maxillulae of more normal

form, as shown in Figure 2e\ inner lobe bearing

numerous strong, hooked setae. Maxillae sim-

ilar in form to those of P. triarticulatus

,

but

with posterior portion of scaphognathite more
slender. First maxilliped with curvature of endite

less uniform; exopodite bearing laterally a heavy

setiferous bristle (broken in specimens); epi-

podites greatly reduced. Second maxilliped with

endopod composed of only three conspicuous

articles, one being very short and sandwiched

between the first and third; basal article more
rectilinear than that of P. triarticulatus; penulti-

mate article pear-shaped in outline, about 1.3

times as long as maximum breadth, bearing

numerous heavy spines; tip half-round in out-

line, bearing six strong spines. Third maxillipeds

similar in conformation to those of P. triartic-

ulatus but with all three articles of endopod

bearing heavy setae, the setae of last article

being equal in length to article.

First legs lacking on both specimens. Carpus

of second legs with four articles bearing the

ratio 10:2.6: 1.8: 4.4; chela somewhat longer than

distal carpal article, fingers and palm subequal.

Third legs with ischium unarmed; merus 4

times as long as broad; carpus 0.9 as long as

merus; propodus 1.2 times as long as merus,

armed distally with few weak spines; dactylus

biunguiculate.

Telson 2.1 times as long as posterior margin

is broad, 1.2 times as broad anteriorly as poste-

riorly, lateral margins almost straight, posterior

margin strongly arcuate; only one pair of dorsal

spinules, located posterior to middle; inner pair

of spines at posterior lateral margin half as long

as posterior margin is broad. Only one tooth

on basal article of uropod; distal shoulder of

outer uropod armed with one strong lateral spine

and three flanking spines each almost as long

as lateral spine.

DISCUSSION : Even without the first legs, these

specimens may be distinguished with ease from

P. triarticulatus. Among more readily apparent

differentiating characteristics, this species has

(1) margins of the rostrum which are con-

fluent with the anterior margin of the carapace;
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Fig. 2. Prionalpheus sp. a, h, Anterior body region; c, d, left mandible, median and posterior views; e, f,

first and second maxillae; g, h, i, first, second, and third maxillipeds; j, second legs; k, third legs; l, telson and

uropods.
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(2) a pterygostomial angle which is less pro-

nounced; (3) shorter scaphocerites and ventral

lateral teeth of the basicerites; (4) more hirsute

third maxillipeds; (5) four, rather than three,

articles in the second legs; (6) a telson which

has a different armature. In the mouth parts, the

differences in form of the mandibles, the max-

illulae, and the second maxillipeds are striking,

as can be seen by comparing the figures.

Whether the differences in length of the styl-

ocerites, in the form of the third legs, and in

the armature of the telson and uropods are sig-

nificant cannot be determined without more

specimens.

The species has been, left unnamed because

the specimens are so incomplete.
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Contributions to the Knowledge of the Alpheid Shrimp
of the Pacific Ocean

Part VII. On Metabetaeus Borradaile, with a New Species from Hawaii 1

Albert H. Banner and Dora May Banner2

The GENUS Metabetaeus was described by Bor-

radaile (1898: 1014) to contain the species

originally described by Whitelegge ( 1897 : 147

)

as Betaeus minutus. These descriptions and

Couriered subsequent discussion of the genus

(1899: 374) were all based on a series of

specimens collected at Funafuti in the Ellice

Archipelago. Nothing more on either the genus

or the species was recorded until R. W. Hiatt

collected additional specimens of the species in

a brackish pond at Arno in the Marshall Islands

(Banner, 1957: 193).

Since the publication of the 1957 paper,

additional specimens belonging to this genus

have been observed alive and collected. M.

minutus was taken from two different islets

on Jaluit in the Marshall Islands during a trip

in April, 1958, to observe typhoon damage on

that atoll. The trip was sponsored by the Office

of Naval Research, the Pacific Science Board,

and the Bernice P. Bishop Museum.

More interesting is a new species of the

genus collected from one locality on the island

of Hawaii. The first several specimens came to

us from the collections of the Bishop Museum;
they had been collected in a pool in the Ka’u

district of Hawaii by E. H. Bryan, Jr., Marian

Kelly, and William Meinecke. In February,

1958, we collected more specimens from this

pool. Many other pools, both in the Ka’u dis-

trict and in other areas on other islands, were

investigated, but no more specimens of this

species were seen.

This study was supported in part by the Na-
tional Science Foundation Grant NSFG-3863.
The authors wish to express their appreciation

to Mr. William Meinecke, who guided them to

1
Contribution No. 133, Hawaii Marine Laboratory.

2 Department of Zoology and Entomology, Univer-

sity of Hawaii, Honolulu, Hawaii. Manuscript received

November 1, 1958.

the pool and aided in the capture of the speci-

mens.

Metabetaeus lohena sp. nov.

Fig. 1

SPECIMENS: Type specimen, an ovigerous

female 16.6 mm. long; paratypes, 5 specimens

collected by the authors and 4 other specimens

collected by Bryan, Kelly, and Meinecke.

type LOCALITY: All specimens came from

a pool in the base of the rock known to the

Hawaiians as Lohena, a few hundred yards from

shore between the deserted villages of Wai-o-

ahu-kini and Ka’ili-ki’i, immediately west of Ka
Lae or South Point on Hawaii. Lohena is a rock

perhaps a hundred or more feet in diameter

surrounded by the boulders of an a’a lava flow;

in its base are several fissures, one of which is

a cave about 30 ft. long, 10 or 12 ft. wide at

the mouth and 15-20 ft. high; the pool of

brackish water is 4-6 ft. deep in the bottom

of the cave.

DESCRIPTION : Carapace rounded dorsally,

without grooves or keels. Rostrum acute with

tip reaching to middle of first antennular article;

dorsal surface rounded, lateral margins poste-

riorly concave. Supraorbital spines acute, half

as long as rostrum. Eyes completely concealed

in dorsal and lateral aspects; pigmented portions

of corneas greatly reduced. Pterygostomial mar-

gin rounded.

Cardiac notch wanting; pleura of sixth ab-

dominal somite articulated.

Second article of antennular peduncle as long

as broad, shorter than visible portion of first,

and longer than third article; flagella about as

long as carapace. Stylocerite acute, with tip

reaching to end of first antennular article.

Basicerite with strong, acute tooth below

articulation of scaphocerite. Scaphocerite with

299
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Fig. 1. Metabetaeus lohena Banner, a . b, Anterior region, dorsal and lateral aspects; c, d, mandibles; e,

first maxilla; f, second maxilla; g, first maxilliped; h, second maxilliped; i, third maxilliped; j, left chela, outer

side; k, right chela, inner side; l, left chela, upper side; m, second leg; n, third leg; o, dactylus, third leg; p,

fifth leg; q, telson and uropods; r, s, paired chelae of a nonovigerous 18.4 mm. female.
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lateral tooth of moderate development, about

equal in length to rounded portion; squamous

portion reaching to end of antennular peduncle.

Carpocerite slightly longer than both anten-

nular peduncle and scaphocerite; flagellum

somewhat longer than body.

Mandibles of normal form but bearing a large

oval black spot on the body of the mandible;

black spot with sharp margins and persistent

even after preservation in alcohol. Maxillule

with outer lobe without setae or spines, but

with two heavy, thickened lobes, somewhat sim-

ilar in form to a bottle opener. Other mouth

parts showing only minor differences from those

normal to the family.

Chelipeds symmetrical, enlarged. Ischium 3

times as long as broad, bearing on superior

margin a row of short spines, on inferior mar-

gin a row of setae. Merus unarmed, 5 times as

long as broad, slightly over twice length of

ischium. Carpus subconical, proximally small

in diameter, distally 3 times the proximal diam-

eter; distal margins somewhat collarlike around

base of propodus; articles without spines. Palm

of chela somewhat inflated, subcircular in cross

section, 1.6 times as wide at maximum diam-

eter as long. Fingers long, slender, curved, 1.5

times length of palm; proximally both fingers

armed with low, widely spaced teeth.

Second legs long and slender, ischium and

merus equal in length and both about 10 times

as long as broad. Sum of lengths of first three

carpal articles equal in length to merus; ratio

of the carpal articles is 10:3.5:8:3.5:5. Fingers

of chela subequal in length to last carpal article,

slightly longer than palm.

Third legs slender. Ischium unarmed, except

for scattered setae, almost 4 times as long as

broad. Carpus unarmed, 0.8 as long as merus,

about 0.6 as broad. Propodus also slender,

slightly curved, tapering very slightly distally,

1.1 times as long as carpus, and bearing 10

slender, fine spines along inferior margin.

Dactylus simple, slender, acute, 0.2 as long as

propodus.

Fourth and fifth legs similar to, but pro-

gressively longer, than third. "Brush” on propo-

dus of fifth legs well developed.

Telson twice as broad at base as at tip, and

3 times as long as broad at tip; lateral and

terminal margins almost straight; dorsal surface

slightly convex. Spines heavy with medial pair

of terminal spines about as long as tip is broad;

lateral pair slightly shorter; middle portion of

tip with small tuft of plumose setae. Uropods

normal in form, lateral spine of outer branch

strong.

Color in life from a brilliant to a pale salmon

red, with the black mandibular spot conspicuous.

DISCUSSION: These specimens show a varia-

tion in the form of the chelipeds reminiscent of

the species of Athanas. Mature males and fe-

males have chelae as described above; slightly

smaller specimens of both sexes have a large

and a small chela (Fig. If, s); small specimens

have both chelae similar to the smaller one of

the asymmetrical pair. No other marked varia-

tion was noted with sex or maturity.

The differences between this species and M.
minutus are few but conspicuous (contrast Fig.

1 and Fig. 2). The stylocerite of M. lohena

reaches to the end of the first antennular article,

that of M. minutus to the middle of the second;

the scaphocerite reaches to the end of the an-

tennular peduncle on this species, to the middle

of the third article on M. minutus. More im-

portant are the differences in the chelae, with

none of the numerous specimens of M. minutus

showing the enlarged chelae; and with the

fingers in all definitely shorter than the palm,

while in M . lohena both the large and small

type of chela have fingers longer than the palm;

also, in M. minutus the fingers are quite straight

and heavy, while in M. lohena the fingers are

slender and show at least some curvature. An-

other possible difference is the degree of cover-

age of the eyes, with the eyes completely con-

cealed in all specimens of M. lohena, and with

them usually protruding in some degree from

under the carapace in M. minutus; however, as

the eyes may be rolled forward and backward,

this characteristic should not be relied upon.

There are no other conspicuous differences in

the morphology of the two species. The color in

life of the two species, including the black

mandibular spot, is the same.

They are also similar in their environments.

The habitat of M. lohena is described above;

while surface layers of the water in the undis-

turbed pond were almost fresh, the under layers
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Hg. 2. Metabetaeus minutus (Whitelegge). a, b,

Anterior region, dorsai and lateral aspects; c, cheliped;

d, chela, outer face.

were definitely brackish, and the level of the

water in the pool changed with the tides.

M. minutus was collected in two pools on

Jaluit. On the islet of Medyado it was found in

a mangrove swamp; the base of this swamp was

an old reef flat, cut off from both the ocean

and the lagoon by boulder and sand ramparts,

and through the coral platform flowed definitely

brackish water, rising and lowering not only

with the tide but also with rapid periodicity

of the waves on the ocean reef. The water flowed

in and out through a series of ragged holes,

and it was in these holes that the shrimp hid,

emerging to the surrounding pools when un-

molested. On Jabor the shrimp were found in

a bomb crater in the center of the islet; the

crater was almost dry at low tide and the shrimp

were withdrawn into the holes of the coral at

the base; but at high tide, when it was almost

waist deep with brackish water, the shrimp

emerged in great numbers.

However, in the ecology of the pools the

two species appear to play entirely different

roles. In the pool of Lohena there were two

species of shrimp found; the smaller and much
more abundant atyid was identified by Rathbun

(1906: 919) as Caridina brevirostris Stimpson

and the larger as Metabetaeus. The atyid, abun-

dant in pools of subterranean origin about the

Hawaiian Islands, is an herbivore evidently feed-

ing upon the algae growing on the rocks of the

pools and upon vegetable detritus falling into

the pool. When undisturbed it settles in large

numbers on rock surfaces, occasionally walking

or swimming from rock to rock. The alpheid,

about twice the size of the atyid, usually hides

in the rubble at the bottom of the pool, or in

cracks in its side, and makes sudden forays

to capture the atyid in its long rapacious chelae.

It carries the struggling atyid in its chela to-

wards its mouth and disappears again into a

hiding place, presumably to eat its prey.

On the other hand, while in the pools of

Jaluit there was also an atyid (not as yet

identified ) ;
the mature atyid and alpheid were

of nearly the same size, and the alpheid was

by far the more abundant and gave no evidence

of predatory habits. Like the Caridina in Ha-

waiian pools, AL minutus would emerge to rest

on the rocks and vegetable debris in the pool;
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they were never seen attacking other shrimp.

When the senior author stood bare-legged in

the pool while collecting, shrimp settled on his

leg and produced a feeling similar to a gentle

rasping rather than pinching. In the food groove

between the bases of the thoracic legs and

among other mouth parts were found sand and

detritus. Therefore, they are presumed to be

other than carnivorous.

Coutiere remarked that in his specimens of

M. minutus there were spots similar in color

to the mandibular spots found about the gill

chambers and other parts; he suggested that

they were caused by symbiotic zooxanthellae.

In none of these specimens of either species

were there spots other than the mandibular

spots and the normal red chromatophores
;
more-

over, in view of the habit of these shrimp,

of living in darkness or semidarkness, it is

unlikely that they would have an association

with symbiotic algae.
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Localization and Proof of Chitin in the Opisthobranch Mollusks

Aplysia californica Cooper and Bulla gouldiana (Pilsbry),

with an Enzymochromatographic Method for Chitin Demonstration

Lindsay R. Winkler 1

Chitin has been generally considered as almost

synonymous with the arthropod exoskeleton.

However, as Richards (1951) points out, other

substances enter into the structure of the ar-

thropod exoskeleton and, conversely, some ar-

thropods are known which have no detectable

chitin. It is also true that chitin is found in

other invertebrate phyla and in the plant king-

dom as well. Wester (1909) and Kunike (1925)

surveyed the animal kingdom for chitin and

reported it present in at least some part of the

body of members of most of the phyla below

the echinoderms. These and the other authors

mentioned below found chitin present in four

of the five molluscan orders (Scaphopoda was

not studied ) . Besides these works Sollas ( 1907 )

,

Spek (1919), Pantin ( 1925 ), and Toth (1940)

have contributed to the study of chitin in the

Gastropoda. Chitin has been reported present in

only two structures, the radula and the jaws.

Toth (1940) reported that the organic portion

of the shell of Helix pomatia did not contain

chitin. Kunike (1925) found no chitin in the

organic shells of the gastropods and lamelli-

branchs which he tested. Roche (1951) hy-

drolyzed the organic residues of the gastropod

shells of Turbo, Meleagrina

,

and two species of

Pinna, and reported them to be scleroproteins.

Spek tested the radulae and jaws of a number

of common prosobranchs and pulmonates and

of the opisthobranch Aplysia sp., and found

chitin present in all cases. The radulae and jaws

of the genera which have been tested in these

works include Helix, Arion, Patella, Haliotis,

Natica, Conus, Buccinium, Littorina . Tergipes,

and Aplysia.

As Richards (1951) points out, it is essential

1 School of Tropical and Preventive Medicine, Loma
Linda, California. Manuscript received January 2,

1959-

that we establish a criterion for the demonstra-

tion of the polysaccharide chitin. He accepted a

positive chitosan color test as the most valid

qualitative test for the presence of chitin. This

test is also the standard used in this paper, al-

though the chromatographic demonstration of

N-acetylglucosamine, the basic saccharide of

chitin, would also be an adequate demonstration

of the presence of chitin.

Besides the two chitinous structures previ-

ously studied, the opisthobranch Aplysia, com-

monly known as the sea hare, possesses two

other "chitinous” structures, the stomach teeth

and a vestigial shell, both of which are com-

posed almost entirely of organic material. The

shell-bearing opisthobranch, Bulla, possesses

stomach teeth and a small amount of organic

periostracum on its shell. These structures have

been tested by the chitosan color test method.

In addition, an enzymochromatographic method

for chitin demonstration was adapted and tested

and is herewith presented. The shell of the

prosobranch Oncomelania was also tested for

comparison.

MATERIALS AND METHODS

Stomach teeth were excised from growing

specimens of Aplysia californica Cooper and

frozen until ready for testing. Shells of adult

specimens were removed and preserved in 70

per cent ethyl alcohol until tested.

Adult specimens of the shell-bearing opis-

thobranch, Bulla gouldiana ( Pilsbry ) ,
were col-

lected and preserved in neutral formalin (which

was later changed to 70 per cent ethyl alcohol).

When the test was made the shells were decal-

cified in 10 per cent HC1, rinsed well, and

blotted. The dry shells of Oncomelania nos-

ophora (Robson) were similarly decalcified.
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The difference in preparation was a result of

convenience. Commerically prepared chitin was

used for controls in all cases.

The chitosan color test of Campbell, as

adapted by Richards (1951), was used as fol-

lows:

The chitin to be tested was placed in a test

tube and a saturate solution of KOH was

added. The tube was closed with a Bunsen

valve (a piece of rubber tubing sealed at one

end with a clamp and having a longitudinal slit

0.5-0 cm. long made on its lateral surface) . The

test tube was then placed in a glycerine bath

and heated to 160° C. over a period of 15-20

min. It was held at this temperature for about

15 min. and allowed to cool to room tempera-

ture. The persistent material assumed to be

chitosan2 was then rinsed and divided for the

following tests:

( 1 ) Lugol’s iodine was added, resulting in a

brown color when positive. The excess iodine

was removed and replaced with 1 per cent sul-

furic acid. When chitin was present it changed

color to what appeared black. However, upon

mashing the specimen under a microscope, the

true color—a reddish purple—was apparent

(the chitosan color test). Adding 75 per cent

sulfuric acid resulted in an immediate change

to brown, followed by an eventual disappear-

ance of the color as the material passed slowly

into solution. (2) Three per cent acetic acid

was added to another portion of the original

KOH persistent material. When positive the

tested substance passed slowly into solution.

Addition of a drop of 1 per cent sulfuric acid

then gave a white precipitate.

For the enzymochromatographic determina-

tion the chitin was mashed in a mortar or minced

and placed in a miniature test tube. To this

1 ml. of snail enzyme preparation was added,

after which it was incubated overnight at room
temperature. After incubation small samples

were applied in spots about 1V2 in. apart on a

line V2 in. from the base of 8 X 8-in. squares

of Whatman No. 1 chromatographic paper. The
paper was then formed into a cylinder and

fastened with staples so that the base line

described the circumference at one end. This

2 Few organic substances other than chitin can resist

the KOH treatment.

end was then placed in a Petri dish containing

water-saturated phenol (Mallinckrodt liquid)

which was not deep enough to reach the sample.

This in turn was placed in a 10-gal. aquarium

and covered with a glass plate. When develop-

ment was completed the paper was dried over-

night and then washed in ether to remove all

the phenol possible. After further drying the

chromatogram was dipped in benzidine-tri-

chloroacetic acid reagent and heated at 100° C.

for about 15 min., or until the brown spots

indicating reducing substances had thoroughly

formed. The spots disappear after a few days

so it is necessary to mark the spots and soak

the papers in water to have a permanent record.

The snail enzyme reagent was prepared by

excising the digestive gland of the common
garden snail, Helix aspersa, and macerating it

in a mortar with sand and acetate buffer at pH
5.2. It was then centrifuged and the liquid was
used in the digestion as described.

The benzidine-tricholoracetic acid reagent was
made as follows: 0.5 gm. of benzidine was dis-

solved in 5 ml. of glacial acetic acid and added

to 4 gm. of trichloroacetic acid dissolved in 5

ml. of water. To this was added 90 ml. of ace-

tone. If refrigerated it keeps about 2 weeks.

EXPERIMENTAL RESULTS

Both the nuclear area of the shell and the

stomach teeth of Aplysia californica were re-

sistant to the action of the hot alkali and gave

very strong chitosan color tests. The confirmatory

tests mentioned were also positive. The organic

periostracum of Bulla contained small amounts
of chitin although the major portion was not

persistent. The stomach teeth of Bulla were

composed principally of chitin. The decalcified

organic shell of Oncomelania

,

however, did not

withstand the action of the hot alkali. Some
white powder released was tested but gave no
color. This latter shell material was completely

resistant to the snail enzymes.

Chromatographic spots at Rf .34 for all spec-

imens and controls involving the snail enzyme
preparation were the result of free sugars in

the enzyme extract. The additional spots at an

Rf value of approximately .69 appeared only in

the aplysiid material tested and the chitin con-
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trols. These represent the spots resulting from

the presence of N-acetylglucosamine, the build-

ing block of chitin.

DISCUSSION AND CONCLUSION

The presence of chitin as the principal con-

stituent of the stomach teeth may not be sur-

prising, considering that the hard structures of

the anterior digestive tract of all gastropods

tested have been shown to consist of chitin.

However, the organic portion of the gastropod

shell has consistently been reported negative for

chitin in other snail groups tested and has been

found so in this investigation in the amphibious

prosobranch Oncomelania . The nature of the

shell and the relative proportions of calcium

and organic matter are very different in the

gastropods possessing calcareous shells as against

the largely organic, vestigial shell of most opis-

thobranchs. At most the amount of organic

matter in the calcareous type of shell of the

former constitutes a periostracum or matrix.

However, in many of the latter the vestigial

shell is almost, if not entirely, composed of

organic material. In the shell-bearing opistho-

branch, Bulla, the organic matter is consider-

ably less than in Aplysia and can be compared to

that of the pulmonates, such as Helix and Vi-

vaparus. The amount of calcium present in the

aplysiid shell varies, some possessing little, if

any, apparent calcareous layer, while in others

a calcareous film or crust is formed on the

inner surface of the organic shell. In A. califar-

nica rarely more than a translucent film is pres-

ent. The presence of an occasional thicker cal-

careous layer in this latter species seems to be

associated with a diet high in Corallina sp., a

calcareous alga. Some species are said to nor-

mally deposit a calcareous layer or crust.

The enzymochromatographic method of chi-

tin detection here adapted from existing

techniques offers one very distinct advantage.

As suggested by Richards ( 1951 ) ,
there may be

chitins in a broader sense which are not per-

sistent in the hot KOH treatment used in the

chitosan color test and therefore are not de-

tected even though they are made up of the

requisite N-acetylglucosamine. These would be

detected by the enzymochromatographic method

described unless they are not attacked by the

snail enzyme—which is unlikely.

The presence of chitinase in the digestive

gland of the large European snail, Helix po-

matia, has been exploited in the past for the

enzymatic dissolution of chitin (Karrer, 1930).

Jeuniaux (1954) found a chitinase present in

the digestive organs of H. aspersa

,

the common
garden snail.

SUMMARY

The stomach teeth of Aplysia californica and

Bulla gouldiana were tested for chitin by the

specific chitosan color test method and were

found to be strongly positive. The organic shell

of Aplysia californica gave a positive chitosan

and confirmatory test. The organic periostracum

of Bulla gouldiana left some KOH-resistant

material, giving positive chitosan color and con-

firmatory tests. The organic portion of the shell

of the amphibious prosobranch, Oncomelania,

was not KOH-resistant and was negative for

chitin. The stomach teeth of Aplysia were tested

by enzyme digestion, followed by chromato-

graphic analysis of the soluble residues, and

showed the presence of N-acetylglucosamine

comparable to that found in the commercial

chitin used as controls.
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Second Report on Hawaiian Polyclads

Libbie H. Hyman 1

The material of this report was kindly pre-

sented to me by Dr. C. E. Cutress. It adds slightly

to our knowledge of the polyclad fauna of the

Hawaiian Islands, reviewed in my previous re-

port (Hyman, 1954). To the references given

therein should be added Pease (I860), previ-

ously overlooked. Pease described and illustrated

in color four polyclads from the Hawaiian Is-

lands ( exact location not stated ) ;
of these two

are probably not identifiable.

The present specimens were collected under

rocks in the intertidal zone at Makapuu Point,

Cahu, in March, 1953.

ORDER POLYCLADIDA
SUBORDER ACOTYLEA

SECTION SCHEMATOMMATA
FAMILY PLANOCERIDAE

Paraplanocera oligoglena (Schmarda, 1859)

The occurrence of this almost circumtropical

species in the Hawaiian Islands was previously

recorded (Hyman, 1954: 333). The present

specimen measures 28 by 21 mm. It is thin and

ruffled; the color in life is described as tan or

buff dotted with dark brown. There is little

doubt that Peasia reticulata Pease (I860: 37)

is identical with Paraplanocera oligoglena. Pease

gives a recognizable colored figure (pi. 70, figs.

1, 2) and a colored figure also appears in

Stummer-Traunfels (1933, col. pi. following p.

3596, fig. 6)

.

SUBORDER COTYLEA
FAMILY PSEUDOCERIDAE

Thysanozoon hawaiiensis, n. sp.

Fig. 1

The single specimen is of oval form and thin

consistency, measuring 24 by 13 mm. The color

in life was stated to be light ochre with dull-

1 American Museum of Natural History, New York,

N. Y. Manuscript received January 26, 1959.

green papillae. At the center of the anterior

margin are seen the usual pair of tentacular

folds, bearing eyes. Behind them is a rounded

cluster of cerebral eyes. This is followed by the

ruffled pharynx of compact oval outline. Be-

cause of damage in the critical region, just be-

hind the pharynx, it could not be determined

whether the male apparatus is single or paired.

The female gonopore and the sucker, located

as shown in the figure, were readily noticeable.

The sucker occurs at about half the length of

Fig. 1. Thysanozoon hawaiiensis. 1, Tentacles; 2,

cerebral eye cluster; 3, pharynx; 4, female gonopore;

5, sucker; 6, uteri with eggs; 7, papillae, shown in

part only; 8, mouth.

308
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the animal. To either side in the middle region

of the worm the brown uterine networks filled

with eggs are conspicuous even to the naked

eye. As typical of the genus the dorsal surface

bears numerous papillae with rounded tips. They

are only fairly numerous and not thickly set.

They are not entered by a branch of the intestine.

It has been very difficult for me to decide

whether the present species might not be identi-

cal with Peasia tentaculata (Pease, 1860: 37),

which is obviously a species of Physanozoon.

Neither the description nor the colored figure

(pi. 70, figs. 5, 6) are very helpful. The color

is stated to be light fawn with darker papillae,

agreeing well enough with the present spec-

imen, but the red line around the margin does

not agree. The papillae are depicted as pointed

and described as mucronate, that is, suddenly

narrowing to a pointed tip. The features of the

ventral surface in Pease’s figure are not under-

standable in terms of the genus. Because of these

discrepancies I judge it preferable to consider

my specimen an undescribed species.

The specimen in alcohol is deposited as a

holotype in the Bishop Museum.

Pseudoceros affinis (Kelaart, 1858)

The specimen is of oval form, measuring 30

by 20 mm., with ruffled margins and typical

tentacular folds at the anterior margin. The
color is described by the collector as deep violet

with a bright orange margin edged with black.

The species has a pair of male apparatuses. The
male gonopores occur at 12 mm. from the

anterior margin, the female gonopore at 13.5

mm., and the sucker at 17.5 mm., hence situated

considerably anterior to the middle. In addition

to the colored figure in Collingwood (1876, pi.

19, fig. 23), there is a colored figure in Stum-

mer-Traunfels (1933, col. pi. following p.

3596, fig. 11). This latter figure closely re-

sembles my specimen.

Pseudoceros affinis is probably common in

the tropical west Pacific. The original specimen

came from Ceylon and the specimen in Stum-

mer-Traunfels was part of the Semper material

collected in the Philippines; the colored figure

was made from life by Mrs. Semper. The pres-

ent record from the Hawaiian Islands indicates

an extensive range for the species.
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Flora of Eniwetok Atoll 1

Harold St. John2

Eniwetok Atoll is near the north end of the

Marshall Islands which form the northeastern

part of Micronesia, in the tropical, central Paci-

fic Ocean. The Marshall Islands were discovered

in 1817 on the "Rurik” voyage under Captain

Otto von Kotzebue. A member of the scientific

staff of this voyage was the German botanist,

Adelbert von Chamisso. He made extensive

plant collections in the Marshalls and included

them in his publications on the voyage. Though
this voyage of discovery included landings on

several of the atolls, Eniwetok itself was not

visited.

There are no accounts of the flora of Eniwe-

tok during the successive occupations of Micro-

nesia by the Spanish, or by the Germans. Next
in the succession of rulers were the Japanese.

Their scientists made wide explorations of

Micronesia, and particularly through the work
of R. Kanehira and T. Hosokawa added much
to the knowledge of the Micronesian flora. In

August, 1934, O'hba made collections of several

species of Pandanus, these being apparently the

first botanical collections from Eniwetok Atoll.

They were studied, and published upon, by

Kanehira, and are preserved in the herbarium

at Fukuoka, Japan.

In World War II, during the American con-

quest, in February, 1944, there was heavy bom-
bardment and fighting on Eniwetok. This caused

general devastation on the largest islet, Eniwe-

tok Islet, and on several others. It probably

exterminated some of the rarer plant species.

During the occupation of Eniwetok by the

American military forces, Major Edwin H.

Bryan, Jr., visited the atoll in August, 1944. He
collected plant specimens and made additional

notes on the flora. These gave the first general

1 This report has been submitted to and cleared for

publication by the U. S. Atomic Energy Commission.
2
Visiting Professor of Botany, Chatham College,

Pittsburgh, Pennsylvania. Manuscript received June
20, 1959.

summary of the flora of Eniwetok. They are now
in the Bernice P. Bishop Museum, Honolulu.

In mid-May, 1946, the ship of the Economic

Survey of Micronesia, U. S. Commercial Corpo-

ration, tarried in the Eniwetok lagoon. Large

botanical collections were made for it by F.

Raymond Fosberg and a small collection by

Edward Y. Hosaka. These collections are pre-

served in the U. S. National Herbarium, Wash-
ington, D.C., and in the Bishop Museum.

Broad scientific studies began in the area in

connection with the American atomic bomb
testing program. The first test shot was at

Bikini Atoll in 1946. Connected with this were

the investigations accomplished by the Cross-

roads Expedition. On its staff was William Ran-

dolph Taylor. In late May, 1946, he made collec-

tions on several of the islets of Eniwetok. They

are preserved in the U. S. National Herbarium,

the University of Michigan Museum, and the

Bishop Museum. The plants of Eniwetok were

included in Taylor’s book, Plants of Bikini
,
and

Other Northern Marshall Islands, 1950.

During August, 1949, the ship of the L. R.

Donaldson Expedition, U. S. Atomic Energy

Commission, was the base for investigations of

the lagoon and the islets. The writer, H. St.

John, was the botanist and ecologist for the

terrestrial flora. His numerous collections are in

the Bishop Museum, the Smithsonian Institu-

tion, Washington, D.C., the University of Wash-
ington, Seattle, and elsewhere.

On August 1, 1956, S. C Rainey collected on

Rigili. His specimens were identified by F. R.

Fosberg in Washington, D C.

In August and September, 1957, Irwin E.

Lane collected on several of the islets. His speci-

mens are in the Bishop Museum.

In early August, 1958, St. John collected on

several of the southern islets of the atoll. His

collections are in the Bishop Museum, and the

Marine Biological Laboratory, Eniwetok.
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LOCATION AND TOPOGRAPHY

Eniwetok Atoll is found near the northern

end of the double chain of atolls forming the

Marshall Islands. It is at 11° 30' N., 162° 14' E.

Its shape is a broad ellipse, running NW to SE,

Its length is 22 nautical mi. The reef is well

developed and nearly continuous, but with sev-

eral deep passages from the sea to the lagoon.

The islets total 39, and nearly all of them and

all the large ones lie on the northeastern or

windward side. The largest islets are Eniwetok,

Parry, Engebi, and Runit. Eniwetok, the largest,

is 2V4 nautical mi. in length.

SIZE OF THE FLORA

Eniwetok is in the northern and drier section

of the Marshall Islands. As a consequence it

does not have, and probably never had, dense,

lush, damp forests, nor is its total flora large.

Its indigenous flora totals 42 species or minor

taxa, of which 4 are endemic, all of these four

being in the genus Pandanus. The total of ad-

ventive weeds is 27, and that of cultivated

plants, including both food crops and ornamen-

tals is 26. Species known only by drifted seeds

on the beaches total 7. All together the living

flora totals 95 species or minor taxa.

Seeds or fruits found in the jetsam on the sea

and lagoon beaches add an element in the flora.

Many come from species growing on the islets

of the atoll, but there are others from species

unknown on the island and certainly floated on

the sea currents or waves from distant regions.

Of these Hernandia sonora is the only one that

is native to other islands of the Marshall group,

ones to the south in the wetter belt. Two spe-

cies, Caesalpinia Bonduc and Aleurites moluc-

cana, are of wide occurrence and could have

come from the northeast, south, or west. These

are both abundant in Hawaii. Two species,

Mucuna urens and Sapindus Saponaria, must

have come from the northeast, being abundant

in Hawaii and absent in other parts of the tropi-

cal Pacific. Two species, Dioclea reflexa and

Entada phaseoloides, must have come from the

south or west. In sum, of the 6 drift species, 4

certainly floated from Hawaii on the Japan Cur-

rent which regularly flows past Hawaii towards

the Marshalls and the central Pacific. The two

species of southern or western origin may have

travelled eastward on the Equatorial Counter

Current and have been wafted northward dur-

ing a southerly storm.

ECOLOGY

Details of the terrestrial plant ecology were

reported to the Atomic Energy Commission in

1950- They were for publication in UWFL-24.

Because of the dryness and the small, mostly

narrow, islets, there is little diversity in the

habitats. There are no good sand dunes, or fresh

ponds, or central hollows with rich, black humus
top soil. The only habitats are: outer beaches of

coral rock or coral gravel, inner beaches of coral

sand, small coral sand dunes, coral gravel flats,

and coral sand flats. Some of the plants seem

restricted to a particular habitat, but the zones

formed are rather indefinite. Their occurrence

seems governed not so much by the soil, as by

the size of the islet and the distance from the

sea which seems to determine the shelter from

salt spray, and the availability of fresh water

in the water table. Since the habitat differences

are slight, they have, for the sake of brevity,

been omitted in the descriptive flora which fol-

lows, except when special and very local. In

this flora every known collection is briefly cited

with its islet, date of collection, and collector’s

name and the number. From this, future re-

search workers can learn the former occurrence

of each species, and the date for each record.

This chronological information is of value, since

it appears that each atomic bomb explosion has

restricted, or may restrict, the occurrence of, or

exterminate some members of, the flora.
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PURPOSE

This account of the flora of Eniwetok is pre-

pared in the form of a brief manual. It sum-

marizes the flora, and it gives keys and brief

descriptions to make possible the identification

in the field of any of its plant species. Many

types of research are being carried on now on

the atoll. The investigators have diverse training

and come from widely separated institutes.

When their researches touch the terrestrial flora

this manual will enable them to determine with

certainty the identity of the plants.

KEY TO SPECIES

PTERIDOPHYTA

1.

Plants lacking flowers, reproducing by spores; frond pinnately lobed-.l. Phymatodes Scolopendria

1. Plants with flowers, reproducing by seeds,

SPERMATOPHYTA

2.

Flower parts in 3’s; leaves parallel veined; herbs, and trees but these without secondary wood,

3 Trees
MONOCOTYLEDONES

4.

Fruits aggregate into heads 15 cm. or more in length,

5.

Carpel apices concave,

6.

Phalanges 7.5-8 cm. long,

7.

Inner apical sinuses 2-3 mm. deep; syncarps globose ..2. Pandanus brachypodus

7. Inner apical sinuses 1-2 mm. deep; syncarps ellipsoid 3. P. enchabiensis

6. Phalanges 6.5 cm. long; sinuses 2-3 mm. deep.. 8. P. rectangulatus

5. Carpel apices all, or at least the inner ones, convex or conical,

8.

Phalanges 7-9 cm. long,

9.

Inner apical sinuses 1-2 mm. deep; outer carpels much the larger

7. P. pulposus

9.

Inner apical sinuses 3-6 mm. deep; outer carpels not much the larger,

10.

Phalanges 7-7.9 cm. long; tips of outer carpels conic and slightly

divergent.... 9. P. rhombocarpus

10.

Phalanges 9 cm. long; tips of carpels pyramidal-semiorbicular, ascend-

ing 10. P. Utiyamai

8. Phalanges 5.5-6. 5 cm. long,

11.

Phalanges 6-6.5 cm. long; inner apical sinuses 6-7 mm. deep.

4. P. korrorensis

11.

Phalanges 5-6 cm. long; inner apical sinuses much shallower,

12.

Carpel apices rounded conic; phalange apices mostly convex; lateral

sutures deep. 6. P. od,oratissimus var. novo-guineensis

12.

Carpel apices truncate to low rounded; phalange apices mostly trun-

cate; lateral sutures lacking or few and shallow

5. P. odor. var. novo-caledonicus

4. Fruit of single, 1 -celled nuts, with edible white meat and potable water

30. Cocos nucifera

3.

Herbs,

13.

Blade deeply lobed; umbel with dangling, threadlike, sterile branches

33. Tacca Leontopetaloides

13.

Not so,

14.

Sepals 3; petals 3; ovary 3 -celled,

15.

Ovary superior; leaves linear, terete 31. Allium Cepa

15. Ovary inferior; leaves broad strap-shaped, 7-10 cm. broad

- - ...32. Crinum asiaticum
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14. Perianth none or of dry scales, these often in 2 ranks,
16.

Stems terete, jointed, mostly hollow; leaves 2 -ranked; anthers versatile,

17.

Spikelets 1-many-flowered, laterally compressed; articulation above the

glumes,

18.

Spikelets sessile on a continuous rhachis,

19.

Spikelets opposite; spike terminal, solitary,

20.

Spike 1.2-1. 5 mm. thick 19. Lepturus repens var. repens

20. Spike 1.7-2 mm. thick 20. L. repens var. occidentals

19. Spikelets on only one side of the rhachis; spikes usually several,

digitate or racemose,

21. Spikelets with more than 1 perfect flower,

22.

Rhachis of spike extending beyond the spikelets

15. Dactyloctenium aegyptium

22. Rhachis of spike not prolonged 17. Eleusine indica

21. Spikelets with only 1 of the florets perfect,

23. Spikelets without additional modified florets; rhachilla pro-

longed behind the palea 14. Cynodon Dactylon

23.

Spikelets with 1 or more upper modified florets

. ..13. Chloris inflata

18. Spikelets pediceled in open panicles; lemmas 3 -nerved

18. Eragrostis amabilis

17. Spikelets with 1 perfect terminal floret and 1 staminate or rudimentary

one below; spikelets dorsally compressed; articulation below the

spikelet,

24.

Glumes and sterile lemma membranous,

25.

Spikelets borne from the one furrowed side of the rhachis; plant

creeping 23. Thuarea involuta

25. Spikelets not so; plant erect,

26.

Spikelets subtended or surrounded by bristles or spines,

27.

Bristles connate at base, falling with the burlike spikelet,

28.

Spikelets 5-6 mm. long; involucre pilose; first glume pres-

ent 12. Cenchrus echinatus

28.

Spikelets 4 mm. long; involucre puberulous; first glume

wanting 11. C. Brownii

27. Bristles distinct, persisting on axis; spikelets discoid, falling

free of the bristles 21. Setaria verticillata

26. Spikelets not subtended by bristles,

29.

Glumes and sterile lemma awned; spikelets long-silky

25. Tricholaena repens

29.

Glumes and sterile awnless,

30.

Spikelets long-silky, in panicles; fruit lanceolate, acumi-

nate 24. Tricachne insularis

30.

Spikelets short pubescent or glabrous; fruit elliptic; ra-

cemes quite or nearly digitate 16. Digitaria pruriens

24.

Glumes indurate; fertile lemma and palea hyaline or membranous;

sterile lemma like the fertile one,

31.

Spikelets unisexual, in separate inflorescences; individual ovaries

naked 25. Zea Mays

31.

Spikelets in pairs or threes, one sessile and perfect, the others pedi-

celled and staminate 22. Sorghum bicolor var. technicum



Flora of Eniwetok—St. John 317

16. Stems triangular, solid; leaves 3-ranked; anthers basifixed,
32.

Floral scales 2 -ranked, laterally compressed,
33.

Spikelets lanceolate; blades nodulose 27. Cyperus javanicus

33.

Spikelets linear; blades not nodulose 28. C. odoratus

32. Floral scales spiral, merely concave 28. Fimbristylis atollensis

2. Flower parts in 5’s (rarely in 4’s); leaves netted veined; herbs, shrubs, or if trees with second-

ary wood.

DICOTYLEDONES

34.

Leafless, cordlike parasites ----- 48. Cassytha filiformis

34.

Not so,

35.

Perianth in 1 series or apparently so,

36.

Leaves opposite,

37.

Stipules present,

38.

Ovary 3-4-celled,

39.

Florets in heads surrounded by a calyxlike involucre; sap milky,

40.

Stems prostrate; blades less than 1 cm. long 63. Euphorbia thymifolia

40.

Stems erect; blades larger,

41.

Blades glabrous; plant forming tufts 61. E. Chamissonis

41.

Blades hirsute; stems simple 62. E. hirta

39. Flowers not in involucrate heads,

42.

Outer stamens opposite the sepals; blades oblong-obovate, unlobed

64. Phyllanthus amarus

42.

Outer stamens alternate with the sepals; blades suborbicular, deeply

palmately lobed 65. Ricinus communis

38. Ovary 1-celled; fruit an achene 35. Fleurya ruderalis

37. Stipules none,

43. Perianth deeply 3-5 -parted, dry, scarious,

44. Style single; stigma capitate,

45. Perianth 5 mm. long; blades rough hairy 37. Achyranthes aspera

45. Perianth 5. 5-6.5 mm. long; blades soft silky hairy 38. A. velutina

44. Styles 2-3,

46. Sepals 3; pod not splitting at maturity 40. Amaranthus viridis

46. Sepals usually 5; pod splitting at maturity 39. A. dubius

43. Perianth funnelform, petaloid,

47.

Tree; fruit with gland-tipped, spiny, longitudinal ridges

44. Pisonia grandis

47.

Herbs; fruit not spiny ridged,

48.

Flowers axillary, solitary, 2.5-5 cm. long 43. Mirabilis Jalapa

48.

Flowers less than 5 mm. long, in terminal spikes,

49.

Calyx tube glandular; stamens 2-3 -

. 41. Boerhavia diffusa var. diffusa

49.

Calyx tube glabrous; stamens 3-6 42. B. diffusa var. tetrandra

36. Leaves alternate,

50.

Fruits juicy, fused into a head; tree 34. Artocarpus incisus

50.

Fruits dry capsules, distinct,

50A. Herbs (Turn back to the first no. 37.)

50A. Trees; fruit an achene enclosed in a loose, fleshy envelope. -..48a. Hernandia sonora

35.

Perianth in 2 series or apparently so,

51.

Parts of the inner perianth series all or all but 2 separate or united only at the very

base,
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52.

Stamens more than twice as many as the petals,
53.

Leaves opposite,

54.

Stipules present,

55.

Sepals 2; ovary 1 -celled,

56.

Leaves terete .. 47. Portulaca samoensis

56.

Leaves flattened,

57.

Petals 2-4 mm. long, closing at noon; leaves wedge-shaped

...46. P. oleracea

57.

Petals 10-12 mm. long, closing at 3 P.M.; leaves obovate to orbicu-

lar 45. P. lutea

55. Sepals more than 2; ovary several-celled,

58.

Ovary partly inferior; fruit smooth, with single seed germinating while

still on the tree ...71. Rhizophora Mangle

58.

Ovary superior; capsules spiny; seeds germinating after falling

66. Triumfetta procumbens

54. Stipules absent; filaments united into a tube,

59. Involucral bracts 3-1; ovule ascending 67. Malvastrum coromandelianum

59. Involucral bracts none; ovule pendulous or horizontal 68. Sida fallax

53. Leaves alternate 60a. Aleurites moluccana

52. Stamens twice as many as petals or less,

60. Ovary inferior, 1 -celled; trees,

60A. Sepals and petals 4-5; ovules 2-5; stamens 10 72. Terminalia samoensis

60A. Sepals and petals 3; ovule 1; stamens 3-4 48a. Hernandia sonora

60. Ovary superior,

61. Leaves compound,

61A. Trees; fruits globose 65a. Sapindus Saponaria

61 A. Vines or herbs,

62. Leaves opposite; ovary 5-6-celled, in fruit each coccus 2-horned

59. Tribulus cistoides

62.

Leaves alternate; ovary 1 -celled, unarmed,

62A. Flowers regular; pods dehiscing into 1 -seeded joints; seeds 4-5

cm. in diameter 54. Entada phaseoloides

62A. Flowers papilionaceous; pods dehiscing longitudinally; seeds

smaller,

63.

Pod septate internally between the seeds 55. Mucuna mens

63- Pods not thus septate,

64.

Keel of corolla spiral 56. Phaseolus vulgaris

64. Keel not spiral,

64A. Flowers with 4 petals regular, 1 slightly the larger; pods

prickly.. 52a. Caesalpinia Bonduc

64A. Flowers papilionaceous; pods smooth,

65.

Style bearded towards the summit; upper stamen free....

58. Vigna marina

65. Style beardless near tip,

66. Calyx asymmetric from much enlarged upper lip;

seeds beanlike; upper stamen connate to the

middle 54. Canavalia microcarpa

66. Calyx nearly symmetric; seeds compressed quadrate

53a. Dioclea reflexa

61. Leaves simple; shrubs or trees,
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67.

Stipules present; petals white 70. Pemphis acidula

67. Stipules absent,

68.

Carpels several, dry, separate; petals yellow, glabrous

60. Suriana maritima

68. Carpels 1 and single, or compound,

69.

Columnar, fleshy trees with palmately dissected blades

69. Carica Papaya

69. Not as above,

70. Stamens 6; petals 4, glabrous,

71. Pod terete, indehiscent, beaked; leaves pinnatifid

52. Raphanus sativus

71.

Pod flattened, dehiscent; leaves entire,

72.

Leaves fleshy, glaucous; sepals erect

49. Brassica oleracea CV capitata

72. Leaves thin, greenish; sepals spreading ..50. B. pekinensis

70.

Stamens 8; petals 4, villous within... 36. Ximenia americana

51. Inner perianth series connate,

73.

Ovary inferior,

74.

Stipules present; trees,

75.

Drupes fully united into compound, soft fruits 83. Morinda citrifolia

75. Drupes remaining separate, firm, subglobose 82. Guettarda speciosa

74 . Stipules none,

76. Vines climbing by tendrils,

77. Corolla white ..87. Lagenaria siceraria

77.

Corolla yellow,

78.

Corolla lobed half way 86. Cucurbita maxima
78. Corolla lobed nearly to the base,

79. Tendrils branched 84. Citrullus vulgaris

79.

Tendrils unbranched 85. Cucumis Melo

16. Not so,

80.

Llowers separate; corolla slit down upper side,

81. Leaves glabrous 88. Scaevola frutescens var. frutescens

81. Leaves appressed pilosulous 89. S. frut. var. sericea

80. Flowers assembled in involucrate heads,

82. Heads containing only ray flowers; sap milky 91. Lactuca sativa

82. Heads with some or all of the flowers disk flowers,

83.

Disk flowers the only ones present,

84.

Corollas 5 -parted; flowers all perfect, fertile 94. Vernonia cinerea

84.

All corollas except the central ones filiform, truncate, fertile,

85.

Blades oblanceolate, serrate or denticulate, 2.5-3.7 cm. long

92. Pluchea indica

85.

Blades 10 or more cm. long, oblance-elliptic to lanceolate, entire

or nearly so 93. P. odorata

83. Disk flowers at the center, ray flowers on the margin of the head,

86.

Ray flowers minute, not longer than the bracts

90. Erigeron bonariensis

86.

Ray flowers larger and conspicuous,

87.

Blades sessile, entire; involucral bracts in several series.

96. Zinnia elegans

87.

Blades petioled, serrate; involucral bracts in 2 series

95- Wedelia biflora
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73. Ovary superior,
88.

Leaves in whorls of 3; tree with milky sap 73. Ochrosia oppositifolia

88. Leaves alternate,

89.

Ovules 1-2 in each cell,

90.

Herbaceous vines,

91.

Night-bloomer; corolla white 76. Ipomoea tuba

91.

Day-bloomer; corollas bluish to pinkish,

92.

Blades cordate; flowers opening blue; plant not halophytic

75. I. purpurea

92.

Blades emarginate or rarely obtuse or acute; flowers opening pink;

plant of salty shores 74. 1
.
pes-caprae subsp. brasiliensis

90. Trees,

93.

Corolla white, about 5 mm. long; blades silky hairy

78. Messerschmidia argentea

93.

Corolla orange, about 4 cm. long; blades nearly glabrous

77. Cordia subcordata

89. Ovules several to many in each cell,

94.

Fruit a capsule . „ 79. Nicotiana glauca

94.

Fruit a berry,

95.

Anthers connivent around the style; berry red, exposed...

--81. Solarium Lycopersicum

95.

Anthers not connivent; berry yellowish, enclosed in the papery, enlarged

calyx 80. Physatis angulata var. angulata

FLORISTIC TREATMENT

PTERIDOPHYTA
POLYPODIACEAE

1. Phymatodes Scolopendria { Burrn.) Ching;

Polypodium Phymatodes L.; Microsorium Scolo-

pendria (Burm.) Copel. "Kino.” Rhizome scaly,

pale, creeping on the ground; fronds remote;

stipes 15-35 cm. long, dark; fronds 30-50 cm.

long, ovate, firm, deeply pinnatifid; sori naked,

round to elliptic, in a single row on either side

of the midrib of the lobe.

Recorded for Eniwetok Atoll only in the field

observations in 1944 of E. H. Bryan, Jr.

SPERMATOPHYTA
MONOCOTYLEDONES

PANDANACEAE

2. Pandanus brachypodus Kanehira. "Pun-

musi.” Tree; leaves 180 X 6.5 cm., the margins

denticulate, the teeth near the tip 1 mm. long, 3

per cm., the lower ones more distant, only near

the middle are the teeth lacking; midrib un-

armed below at base, armed above; heads

17 X 16 cm., nearly globose, of about 43 pha-

langes, these 7.5 cm. long, obovate, the apex

truncate; carpels 5-6, the inner ones much the

smaller, the apices concave, the inner sinuses

2-3 mm. deep.

Engebi: by the holotype collection (as En-

chabi I.), August, 1934, Hosino A 7 ( Kanehira

3,480) . Japtan: 6 August 1958, St. John 26,303.

3. Pandanus enchabiensis Kanehira. "Maok.”

Tree; fruiting head 24 X 18-20 cm.; ellipsoid,

of about 50 phalanges, these 8X5 cm., obpyri-

form, the apex truncate; carpels 5-6, the inner

ones much the smaller, the apices concave, the

inner sinuses 1-2 mm. deep.

Engebi: (as Enchabi I.), August, 1934, Ohba

( Hosino A 13), ( Kanehira 2,470), holotype.

4. Pandanus korrorensis Kanehira. "Bop.”

Leaves 120 X 9 cm., the midrib denticulate be-

low, the margins denticulate, the teeth near the

apex 1 mm. long, towards the base larger and

more remote; fruiting head 17 X 15 cm., broad

ellipsoid, of about 70 phalanges, these 6-6.5

X 3 cm., obpyriform, the apex profile rounded;

carpels 5-10, subequal, the apices depressed

conic, the inner sinuses 6-7 mm. deep.
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Runit: 15 August 1949, St. John 23,841

.

The

vernacular name "bop” applies to all Pandanus

.

The holotype was from Palau, Korror, July,

1933, Nisida 3,348.

5. Pandanus odoratissimus L, f, vat, novo-

caiedonicus (Martelii) St, John. "Bop.” Tree

8 m. X 30 cm.; leaves 130-140 X 9 cm., the

midrib below denticulate, the margins dcnticu •

late, the teeth towards the tip 1 mm. long, close

and fine, towards the base the teeth larger and

more remote; phalanges 5.2-5. 5 X 3.8 cm., ob-

pyriform, the apex truncate; carpels 3-10, sub-

equal, the apices low convex, the inner sinuses

4-

5 mm. deep.

Runit: 15 August 1949, St. John 23,840.

6. Pandanus odoratissimus L. f. var. novo-

guineensis (Martelii) St. John. "Bop.” Tree 7-8

m. X 20 cm.; leaves 115-150 X 5-8 cm., the

midrib denticulate below, the margins denticu-

late, the teeth 1 mm. long and 3-4 per cm. to-

wards the tip, 2 mm. long and more remote

towards the base; phalanges 5.2-6 X 3.4-3 .6

cm., broad cuneate, the apex low convex; carpels

3-12, usually 7-8, the central ones a little

smaller, the apices low convex, the central si-

nuses 3-4 mm. deep.

Rujoru: 13 August 1949, St. John 23,811

.

Runit: 15 August 1949, St. John 23,842

.

Jap-

tan: 12 September 1957, Lane 37-136.

7. Pandanus pulposus ( Warb.) Martelii. "Jil-

ebar.” Tree; leaves 230 X 8 cm., the margins

and midrib below armed; fruiting head 33 X 22

cm., ellipsoid, of more than 60 phalanges, these

5-

8 X 5-6 cm., broad obpyriform, the apex low

dome-shaped; carpels 7-12, the central ones a

little smaller, the apices low convex, the central

sinuses 3-4 mm. deep.

Aniyaanii: 7 August 1949, St. John 23,713

.

Japtan: 5 February 1955, Doty 12,779. Rigili:

11 September 1957, Lane 37-133; 10 August

1949, St. John 23,733

.

8. Pandanus rectangulatus Kanehira. "Patchap-

lip”; "Olivo”; "Desmesyo”; "Anilip”; "Parkup.”

Tree; leaves 170 X 7 cm., the midrib remotely

denticulate below, the margins denticulate, near

the tip the teeth 1 mm. long, the teeth about 1

per cm.; fruiting heads 20.5 X 10-15 cm., soli-

tary, pendulous, broad ellipsoid, of 40-45 phal-

anges, these 6.5 X 5 cm., broad obpyriform,

truncate; carpels 5-8, subequal, the apices

slightly convex and with a central hollow 0.5-1

mm. deep, the central sinuses 2-3 mm. deep.

Engebi: (as Enchabi L), the lectotype is Sep-

tember, 1934, Ohha (Kanehira) 3,469 (Hb.

Fukuoka); also nos. 3,473; 3,477; and 3,479.

Japtan: 6 August 1958, St. John 26,302.

9. Pandanus rhombocarpus Kanehira. "Pappa-

rawa.” Tree; fruiting heads 22 X 17 cm., soli-

tary, pendulous, ellipsoid-globose, of more than

77 phalanges, these 7-7.9 X 3.5-4.2 cm., nar-

row pyriform, the apex subtruncate, with strong

lateral sutures running halfway down; carpels

6-8, the central ones much the smaller, the

apices subpyramidal, the outer ones distinctly

curving salient, the central sinuses 3-6 mm.
deep.

Engebi: (as Enchabi L), holotype, August,

1934, Ohha (Hosino A.3), (Kanehira 3,467).

10. Pandanus Utiyamai Kanehira. "Bop.” Tree

7 m. X 20 cm.; leaves 160-180 X 6-9.5 cm.,

swordlike, tapering, the margins closely spine-

toothed, near the middle being 1 mm. long and

3 per cm., teeth near the base 2 mm. long and

2 per cm.; fruiting heads 25-26 X 20 cm.,

ellipsoid-subglobose, solitary, of about 80 pha-

langes, these 9 X 4.5 cm., obpyriform, with

lateral angles, the apex low convex; carpels 8-12,

subequal, the apices rounded-subpyramidal, the

central sinuses 3-4 mm. deep.

Rujoru: 13 August 1949, St. John 23,810.

The holotype is from Ponape, August 1933,
Hosino & Utiyama 24 (Kanehira 2,809).

GRAMINEAE

11. Cenchrus Brownii R. & S. Short-lived

plant 30-100 cm. tall, sheaths glabrous; blades

10-30 cm. long, 6-15 mm. wide; racemes 5-12

cm. long, dense; burs depressed globose, the

outer bristles numerous, basal, slender; spikelets

4-5 mm. long lanceolate. Introduced weed.

Runit: 24 May 1946, Taylor 46-1,239

;

15

August 1949, St. John 23,843. Eniwetok: 6

August 1949, St. John 23,711.

12. Cenchrus echinatus L. "Legalek.” Plant,

15-75 cm. tall, single or in small tufts; leaf

sheaths smooth; blades 7-13 cm. X 3-8 mm.,
slightly hairy at base; fruiting raceme 3-10 cm.

long; spikelets forming burs covered with ret-

rorsely barbed bristles. Introduced weed, abun-

dant and troublesome in disturbed soils.
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Engebi: 18 May 1946, Fosberg 24,378; 12

August 1949, St. John 23,783 . Rujoru: observed

in 1949, St. John. Runit: 24 May 1946, Taylor

46-1,233 ; 15 August 1949, St. John 23,844. Jap-

tan: rare, 15 May 1946, Fosberg 24,324; May

1946, Taylor 46-1,289; observed 1949, St. John.

Eniwetok: occasional, 13 May 1946, Fosberg

24,300

;

observed, abundant, 1949, St. John. Ri-

gid: 1 August 1956, Rainey.

13. Chloris inflata Link. Slender grass; stems

25-70 cm. tall, erect, erect or often stooling

with the base decumbent and rooting at the

nodes; sheaths glabrous; cauline blades 6-15

cm. long, 2.5-4 mm. wide, scabrous; the 9-14

spikes digitate, 3.5-9 cm. long; spikelet body

2 mm. long; callus hispid barbate; lemmas with

awns 4-6 mm. long; lemma of upper floret glo-

bose inflated. Introduced weed.

Engebi: 18 May 1946, Fosberg 24,407; 12

August 1949, St. John 23,784 and 23,782. Eni-

wetok: observed 1949, St. John.

14. Cynodon Dactylon (L.) Pers. Creeping,

mat-forming; leaf sheaths smooth; blades 2.5-5

cm. X 2-4 mm.; flowering stems 10-40 cm. tall,

smooth; spikes 2-6, digitate, 2-7 cm. long;

spikelets 2 mm. long, lanceolate; lemma ciliate

on the keel. Deliberately introduced, as lawn

grass, and as sand binder.

Eniwetok Atoll: observed 1944, Bryan. En-

gebi: May 1946, Fosberg 24,397

.

Parry: 9 Au-

gust 1958, St. John 26,312. Eniwetok: 13 May
1946, Fosberg 24,292; observed 1949, St. John.

15. Dactyloctenium aegypHum (L.) Aschers.

Si Schweinf. Short-lived herbaceous grass, 10-30

cm. tall; leaf sheaths glabrous, loose, crowded;

blades 3-15 cm. X 2-6 mm., ciliate towards the

base; spikes 2-5 cm. long, 2-6 in number, digi-

tate; spikelets 3 mm. long, flat, ovate, acute,

3-5 -flowered; glumes scabrous on the keel, the

upper one short awned. Introduced weed, by

roadside.

Parry: 6 August 1958, St. John 26,301.

16. Digitaria pruriens (Trin.) Buese. Short-

lived grass making small tufts; leaf sheaths

pilose; blades 8-15 cm. X 4-13 mm., smooth on

both surfaces except at base; stems 30-90 cm.

tall; spikes 5-10, digitate, 7-10 cm. long, erect;

spikelet 4 mm. long, lanceolate; second glume

less than 1 mm. long, hairy on the margins.

Introduced weed.

Engebi: observed 1949, St. John. Japtan: 27
May 1946, Taylor 46-1,293

.

17. Eleusine indica (L.) Gaertn. Long-lived

grass, forming erect clumps; stems 20-100 cm.

long; leaf sheaths smooth except at upper mar-

gin; blades 15-30 cm. X 4-7 mm., only the

upper side with scattered hairs; stalks 30-75

cm. tall; flowering spikes 2-8 digitate or ap-

roximate, spreading; spikelets 3-7 -flowered,

about 6 mm. long, the glumes and lemmas scab-

rous on the nerves. Introduced weed.

Engebi: observed 1944, Bryan; 18 May 1946,

Fosberg 24,384. Runit: 24 May 1946, Taylor

46-1,237; 15 August 1949, St. John 23,833.

Japtan: 15 May 1946, Fosberg 24,320; 27 May
1946, Taylor 46-1,280. Parry: 6 August 1958,

St. John 26,300. Eniwetok: 13 May 1946, Fos-

berg 24,289; observed 1949, St. John.

18. Eragrostis amabilis (L.) Wight & Arn.

"Wujoich.” Delicate short-lived grass forming

erect tufts 15-30 cm. tall; leaf sheaths glabrous

below, long ciliate above; blades 3-9 cm. X 2-4

mm. glabrous; inflorescence a panicle 5-15

cm. long, loose; spikelets 1.5 mm. long, 4-6-

flowered; glumes 1 mm. long, lanceolate, the

keel hairy. Common, but apparently an intro-

duced weed.

Bogon: 11 August 1949, St. John 23J772.

Engebi: 18 May 1946, Fosberg 24,387; observed

I949 ,
St. John. Aomon: 16 May 1946, Fosberg

24,347

;

4 June 1946, Taylor 46-1,294

;

observed

1949, St. John. Biijiri: 14 August 1949, St.

John 23,824 . Runit: 24 May 1946, Taylor 46-

1,236 and 46-1,268. Parry: in 1957 Lane 37-

104. Aniyaanii: 25 August 1957, Lane 37-116.

Japtan: 15 May 1946, Fosberg 24,344; 27 May
1946, Taylor 46-1,294, observed 1949 St. John.

Rigili: 10 August 1949, St. John 23,743; 1

August 1956, Rainey; 11 September 1957, Lane

37-132.

19. Lepturns repens (Forst. f.) Rr. Br. var.

repens. "Ujos aitok.” Long-lived grass forming

clumps in dry places, but trailing runners in wet

places; leaf sheaths glabrous or glabrate; blades

5-40 cm. X 2-8 mm., flat or folded, smooth or

short hairy, flower spike single, 3-20 cm. long,

1.2-1. 5 mm. thick; spikelets 3.5-4 mm. long,

2-3 -flowered, awned or not; glumes firm, 5- or

more-veined; lemma 3-6 mm. long. The com-

monest native grass.
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Engebi : 18 May 1946, Fosberg 24,395; ob-

served 1949, St. John. Aitsu: observed 1949,

St. John. Rujoru: 13 August 1949, St. John

23,800. Aomon: 16 May 1946, Fosherg 24,353;

observed 1949, St. John. Biijiri: 14 August

1949
,
St. John 23,820. Runit: 15 August 1949,

St. John 23,854. Japtan: 15 May 1946, Fos-

berg 24,325

;

observed 1949, St. John. Parry:

observed 1944, Bryan; 15 May 1946, Fos-

berg 24,325. Parry: observed 1944, Bryan;

1957, Lane 57-102. Jieroru: 21 May 1946, Tay-

lor 46-1,241; Eniwetok: 13 May 1946, Fos-

berg 24,298

;

observed 1949, St. John. Igurin:

observed 1949, St. John; 6 September 1957,

Lane 57-126. Mui: 9 August 1958, St. John

26,317. Rigili: observed 1949 St. John; 1 Au-

gust 1956, Rainey.

20. Lepturus repens (Forst. f.) R. Br. var.

occidentalis Fosberg. Differing in having the

spikes usually 1.7-2 mm. thick; glumes 10-15

mm. long, acute-acuminate to subulate-acumi-

nate.

Bogon: 31 May 1946, Taylor 46-1,315; 11

August 1949, St. John 23,766.

21. Setaria verticillata (L.) Beauv. Short-lived

grass, tufted, erect or decumbent at base, 30-

75 cm. tall; leaf sheaths smooth; blades 15-

25 cm. X 5-12 mm., flat, scabrous above;

spikes 5-7.5 cm. long, erect; spikelet bristles

numerous, downward barbed, remaining at-

tached to the axis; spikelets in clusters, 1 -flow-

ered, oval, 2 mm. long; outer glume less than

half as long as spikelet. Introduced weed, abun-

dant in disturbed soil near settlements.

Engebi: 18 May 1946, Fosberg 24,392. Jap-

tan: 27 May 1946, Taylor 46-1,288; 15 May
1946, Fosberg 24,327

.

Eniwetok: observed 1949,

St. John. Eniwetok Atoll: observed August,

1944, Bryan.

22. Sorghum bicolor (L. ) Moench. var. tech-

nicum (Koern.) Jav. Culm stout 2-4 m. tall;

blades up to 1 m. X 8 cm.; panicle 30-80 cm.

long, its branches simple for 15-50 cm. and

smooth; sessile spikelets 4.5-6 mm. long, obo-

vate-elliptic; upper lemma usually with an awn
up to 10 mm. long; grains 3.5-4 mm. long,

mahogany red. Cultivated crop grain.

Engebi: May, 1944, observed, Fosberg. Runit:

30 May 1946, Taylor 46-1,305.

23. Thuarea involuta (Forst. f.) R. & S. "Ujos

maroro.” Perennial, low trailing grass, with long

runners; leaf sheaths glabrous or puberulent;

blades 3-7 cm. X 4—7 mm., thick, puberulent to

glabrate; flower spike, 1 -sided, 1-4 cm. long,

enclosed in a folded spathe, the axis channeled,

puberulent; spikelets 3-4 mm. long, 2 -flowered;

outer glume 4 mm. long, 5 -veined, puberulent.

Local, uncommon, found on or near the sea

beaches.

Aaraanbiru: 10 April 1954, Palumbo 1,127.

Aomon: 16 May 1946, Fosberg 24,354; ob-

served 1949, St. John. Runit: 24 May 1946,

Taylor 46-1,262

;

15 August 1949, St. John

23,846. Japtan: 15 May 1946, Fosberg 24,341

;

12 September 1957, Lane 57-142; Eniwetok: 13

May 1946, Fosberg 24,295.

24. Tricachne insularis (L.) Nees. Clump-
forming grass 1-1.5 m. tall; sheaths sparsely

hirsute; blades 20-40 cm. long, 8-15 mm. wide;

panicle terminal, of racemes 10-15 cm. long;

spikelets 4 mm. long, densely silky white villous,

in pairs; second glume and sterile lemma 3-5-

nerved. Introduced weed.

Japtan: 15 May 1946, Fosberg 24,328; ob-

served 1949, St. John; 12 September 1957, Lane

57-138.

25. Tricholaena repens (Willd.) Hitchc.

Rhynchelytrum repens (Nees) Stapf. & Hubb.

ex Bews. Short-lived grass, tufted, 30-60 cm.

tall; leaf sheaths sparsely pilose; blades 7-15

cm. long, 3-5 mm. wide, linear, rough on both

surfaces and on margins, sparsely pilose; panicle

light purplish pink when young; spikelets vil-

lous; grain 2 mm. long, elliptic, dark. An in-

troduced weed.

Japtan: 27 May 1946, Taylor 46-1,296.

2

6

. Zea Mays L. Short-lived, coarse grass, 1-4

m. tall, often with prop roots; leaf sheaths gla-

brous or puberulent; blades 60-100 X 3-6 cm.;

staminate flowers in a terminal tassel, the florets

7-8 mm. long, 2 at each node, 1 of them pedi-

celled, 2 -flowered; pistillate spikelets enwrapped

in an ear, with the long styles protruding, the

ovaries in 8-24 rows.

Engebi: once cultivated, observed 1944,

Toiunes.

CYPERACEAE

27. Cyperus javanicus Houtt. "Wujoet in ion

buil.” C. pennatus Lam. Tufted perennial sedge,
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30-70 cm. tall; leaves slightly longer than the

stem, 5-12 mm. wide, scabrous on margin and

midvein; bracts of inflorescence several, un-

equal, the longest 40-90 cm. long; umbel of 6

or more rays 6-9 cm. long, spikelets 5-13 mm.
long, numerous, thick, little compressed; scales

7-12, and 3 mm. long, broadly ovate, reddish

brown; achenes 1 mm. long, triangular, dark

brown. Probably of aboriginal introduction.

Japtan: 12 September 1957, Lane 57-143.

28. Cyperus odoratus L. "Ujoet.” Coarse,

short-lived herb, 15-120 cm. tall; leaves nearly

as long, and 2-12 mm. wide, flat; involucral

leaves much longer than the rays; umbels simple

or compound; spikelets 19-25 mm. long, 5-20-

flowered; scales 2-3.5 mm. long; rhachilla dis-

jointing, with wings clasping the achenes, these

l.5-2 mm. long, ellipsoid, triangular, gray to

blackish. Introduced weed, wet places.

Japtan: 12 September 1957, Lane 57-141 .

29. Fimbristylis atollensis St. John. "Bere-

litchman.” Densely tufted perennial; stems

25-60 cm. tall, glabrous; leaves all basal, 2-38

cm. X 0. 5-2.8 mm., rigid, channeled, the margin

serrulate; inflorescence with leafy bracts 5-30

mm. long, the rays 3-8, smooth, 0.2-4 cm. long,

simple or branched; spikelets 3-7 mm. long,

lance-ovoid, mostly clustered, brown, several

flowered; scales 1.2-1.7 mm. long, glabrous;

achenes 0.5-0.6 mm. long, turbinate, plano-

convex, brown. Native sedge, abundant on most

habitats.

Bogombogo: 31 May 1946, Taylor 46-1,311 .

Bogon: 11 August 1949, Si. John 23,771. En-

gebi: 21 August 1944, Bryan. Aomon: observed

1949, St. John. Runit: 15 August 1949, St. John

23,849. Aniyaanii: 8 August 1949, St. John

23,721, holotype; 25 August 1957, Lane 57-

121. Japtan: 27 May 1946, Taylor 46-1,292;

observed 1949, St. John. Eniwetok: observed

1949, St. John.

PALMAE

30. Cocos nucifera L. Unbranched tree, 4-30

m. X 30-70 cm., leaves in terminal plume; sti-

pules 30-60 cm. long, oblong, in age the surface

sheds leaving only the fiber mesh; petioles 1-3

m. long, massive; blades 3-6 m. long, pinnate;

flowers monoecious, the staminate numerous,

the pistillate 6-40; fruit husk mostly 20-40 cm.

long, ellipsoid; shell bony, with three basal

pores; endosperm white, edible. Once commonly
cultivated.

Bogombogo: observed 1946, Taylor. Ruchi:

observed 1946, Taylor. Elugelab: observed 1946,

Taylor. Teiteiripucchi: observed 1946, Taylor.

Bogon: observed 1949, St.John. Aitsu: observed

1949, St. John. Rujoru: observed 1946, Taylor;

and 1949, St. John. Aomon: 14 August 1949,

St. John 23,829. Biijiri: observed 1949, St. John.

Aaraanbiru: observed 1946, Taylor

.

Runit: ob-

served 1949, St. John. Japtan: observed 1949,

St. John. Parry: observed 1946, Taylor. Eniwe-

tok: observed 1946, Taylor; observed 1949, St.

John. Igurin: 14 May 1946, Fosberg 24,316;

observed 1946, Taylor; observed 1958, St. John.

Mui: observed 1946, Taylor. Rigili: observed

1949, St. John.

LILIACEAE

31. Allium Cepa L. (?) Perennial herb, 20-60

cm. tall; bulb ovoid to spherical, white, pungent,

with odor of onion; leaves 15-50 cm. long, hol-

low, tubular; scape exceeding the leaves, glau-

cous; inflorescence an umbel, the buds enclosed

in a membranous bract; flowers white or bluish;

fruit a small capsule.

As "onions” reported as observed on Eniwetok

Islet, in American gardens, in 1944 by Bryan.

AMARYLLIDACEAE

32. Crinum asiaticum L. (?) Perennial herbs,

dividing and forming clumps; from an under-

ground bulb 10-13 cm. in diameter; leaves 20-

30, and 0.5-1. 5 m. long, 7-10 cm. wide, fleshy,

strap-shaped; peduncle 0.5-1.3 m. long; flowers

20-50 in an umbel; pedicels 2.5 cm. long;

perianth tube 8-10 cm. long, the segments alike,

6-8 cm. long, strap-shaped, white; capsule green,

2-3 cm. in diameter.

As "spider lily” reported as observed in Amer-

ican gardens on Eniwetok Islet in 1944, by

Bryan.

TACCACEAE

33. Tacca Leontopetaloides (L. ) Ktze. "Mok-

mok.” Perennial from white, starchy, poisonous,

buried tubers that resemble potatoes, tops an-

nual; a single tuber bearing one leaf and one

flower scape; petioles 0.3-1.3 m. tall; blades
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0.3-0.7 m. long, 3 -parted, then pinnately lobed

into strap-shaped segments, horizontal; scape

1-2 m. tall, pale, hollow; flowers in a bracted

umbel; perianth 15 mm. long, greenish; berry

20-25 mm. in diameter, globose, finally yellow-

ish. The tubers were grated and washed by the

natives to obtain the edible starch. The plant

is scarce, probably due to dryness.

Engebi: observed 1949, 5V. John . Rujoru: 13

August 1949, 5'/. John 23,802; 4 June 1946,

Taylor 46-1,342. Biijiri: 14 August 1949, St.

John 23,819. Japtan: 27 May 1946, Taylor 46-

1,287; 15 May 1946, Posherg 24,333; observed

1949, St. John. Parry: observed 1944, Bryan.

Igurin: 9 August 1949, St. John 23,733; 6 Sep-

tember 1957, Lane 37-128; 9 August 1959, St.

John 26,313.

DICOTYLEDONES

MORACEAE

34. Artocarpus incisus (Thunb.) L. f. Me.”

Trees 7-25 m. X 0.3-1. 5 m., widely branching,

with milky sap; leaves alternate; petioles 3-8

cm. long; blades 30-70 cm. long, broadly ellip-

tic, thick, firm, mostly deeply pinnately lobed;

staminate flowers in fingerlike spikes 15-30 cm.

long; pistillate flowers in stalked green round

heads, producing the greenish aggregate fruits

15-30 cm. long, rounded, with or without seeds

in the whitish, edible pulp. Of aboriginal culti-

vation.

Japtan: only 1 tree, 8 m. tall, 7 August 1949,

St. John 23J714; this had vanished by August

1958, fide St. John.

URTICACEAE

35. Pleurya ruderalis (Forst. f.) Gaud."Nen-

kutkut.” Roots fibrous; plant glabrous, 10-35

cm. tall; stems fleshy, often becoming reddish;

petioles 5-40 mm. long; blades 10—55 mm.
long, broadly deltoid ovate, coarsely crenate;

peduncles axillary, shorter than the leaves; cymes

broad, many flowered; sepals 1.5 mm. long;

achenes 1-1.3 mm. long, broad ovoid, com-

pressed, the sides rugose.

Aitsu: 10 March 1954, Palumbo 1,110. En-

gebi: 18 May 1946, Fosberg 24,399. Biijiri: 14

August 1949
,
57. John 23,817. Japtan: 15 May

1946, Fosberg 24,321; 27 May 1946, Taylor

46-1,297; 12 September 1957, Lane 37-144.

Igurin: 9 August 1958, St. John 26,313 . Rigili:

1 August 1956, Rainey.

OLACACEAE

36. Ximenia americana L. "Kalikelik.” Shrub

to 4 m. tall, sparsely thorny; herbage glabrous;

petioles 3-7 mm. long; blades 13-63 mm. long,

elliptic, entire; cymes 3-1 5 -flowered, 1-2 cm.

long, axillary; petals 6-10 mm. long; drupes

25-30 mm. long, ellipsoid, yellow, the flesh

sour, edible.

Rujoru: 2 June 1946, Taylor 46-1,331

;

13

August I949 ,
St. John 23,801. Japtan: 15 May

1946, Fosberg 24,319.

AMARANTHACEAE

37. Achyranthes aspera L. "Kaleklek.” Short-

lived herb, 40-100 cm. tall; stem simple or

sparsely branched, appressed hirsute; leaves op-

posite; petioles 1-3 cm. long; blades 4-12 cm.

long, broadly elliptic; spikes terminal 10-25 cm.

long, dense; perianth of 3 bracts, the body 2.5

mm. long, the apical spine 2.5 mm. or more

long; utricle 2.5 mm. long. Introduced weed.

Aomon: one patch near center, 16 May 1946,

Fosberg 24,348.

38. Achyranthes velutina FI. & A. A. canes-

cens sensu Taylor FI. Bikini; non R. Br. Plant

herbaceous or at base somewhat woody, 1-3 m.

tall, conspicuously hairy; petioles 4-15 mm.
long; blades 8-12 cm. long, ovate to lanceolate,

acute, cuneate, subappressed villous; spikes 10-

25 cm. long, the axis densely white lanate; outer

bracts 4-5 mm. long, the base ovate, scarious,

the midrib a subulate projecting awn; sepals

5.5—6.5 mm. long, lanceolate; flowers ascending;

fruits reflexed.

Giriniien; 20 August 1958, Lane 37-108.

39. Amaranthus dubius Mart. Herb 20-80

cm. tall, sparsely minutely puberulous, leaves

alternate; petioles 3-65 mm. long; blades 3-12

cm. long, ovate, obtuse or acute; inflorescence

a terminal panicle of spikes, plus numerous axil-

lary spikes; sepals 1.5-2 mm. long, lanceolate,

stiff acuminate; seeds 0.8-1 mm. in diameter,

fat discoid, black, shining. Introduced weed.

Eniwetok: 6 August 1949, St. John 23,702.
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40. Amaranthus viridis L. Short-lived herb,

erect or prostrate; stem 30-80 cm. long, freely

branching; leaves alternate; petioles 2.5-5 cm.

long; blades 5-7.5 cm. long, lanceolate to ovate,

smooth; flowers monoecious, in terminal spikes

and often in axillary clusters; sepals nearly 1

mm. long, lanceolate; ovary wrinkled, and in

fruit indehiscent; seeds less than 2 mm. wide,

discoid, brown. Introduced weed.

Parry: 20 August 1944, Bryan

.

NYCTAGINACEAE

41. Boerhavia diffusa L. var. diffusa. "Matok

aitok.” "Rebijraka.” Trailing perennial herb,

from fleshy root; branches 30-200 cm. long,

often pink; leaves opposite; petioles 4-10 mm.
long; blades 2.5-4 cm. long, ovate to ovate-

lanceolate, variable; upright branchlets with re-

duced leaves; peduncles 2-8 cm. long; inflores-

cence umbellate-paniculate, with heads of pink

flowers; calyx tube 3 mm. long, funnelform,

glandular; stamens 2-3; nutlet 3 mm. long, fusi-

form, viscid hairy. Abundant.

Engebi: 18 May 1946, Fosberg 24,394

;

12

August 1949, St. John 23,779. Aomon: 16 May
1946, Fosberg 24,336

,

and 24,362. Aaraanbiru:

3 June 1946, Taylor 46-1,337

.

Aniyaanii: 8 Au-

gust 1949, St. John 23,718; 1957, Lane 37-120.

Japtan: 20 August 1944, Bryan; 27 May 1946,

Taylor 46-1,293. Eniwetok: 6 August 1949,

St. John 23,709. Igurin: 14 May 1946, Fosberg

24,306; 6 September 1957, Lane 37-123. Rigili

:

1 August 1956, Rainey.

42. B. diffusa var. tetrandra (Forst. f. ) Hei-

merl. "Rabitchragai.” Calyx tube glabrous; sta-

mens 3-6.

Bogombogo: 31 May 1946, Taylor 46-1,307.

Bogon: 11 August 1949, St. John 23,761. Ru-

joru: 13 August 1949, St. John 23,806. Aomon:

4 June 1946, Taylor 46-1,330. Aaraanbiru: 3

June 1946, Taylor 46-1,333. Runit: 24 May
1946, Taylor 46-1 ,263. Aniyaanii: 25 May 1946,

Taylor 46-1,274. Igurin: 22 May 1946, Taylor

46-1,230. Rigili: 10 August 1949, St. John

23,747; 1 August 1956, Rainey; 11 September

1957, Lane 37-131, and 37-133.

43. Mirabilis Jalapa L. "Emen aur.” Flerb

0.3-1 meter tall, glabrous, freely wide branch-

ing; leaves opposite; petioles 1-2.5 cm. long;

blades 5-10 cm. long, ovate, the base truncate

or cordate; involucre green; calyx 5-7 cm. long,

wide funnelform, petaloid, in several colors;

fruit leathery, ribbed; seeds 6 mm. in diameter,

blackish. Introduced, probably as an ornamental.

Eniwetok: 17 May 1946, Fosberg 24,370.

44. Pisonia grandis R. Br. "Kangae.” Tree,

5-20 m. tall; wood soft; leaves subopposite or

crowded, nearly glabrous; petioles 1-4 cm. long;

blades 8-20 cm. long, elliptic, the apex and base

commonly acute; cymes terminal, more or less

puberulent; flowers unisexual; calyx 4-6 mm.
long, campanulate, pink; fruit 1 cm. long, fusi-

form, with several longitudinal, glandular spiny

ribs. Abundant, forming forests on better

habitats.

Elugelab: 2 June 1946, Taylor 46-1,231. Bo-

gon: 11 August 1949, St. John 23,769. Engebi:

18 May 1946, Fosberg 24,402. Aitsu: 13 August

1949, St. John 23,793. Rujoru: 2 June 1946,

Taylor 46-1,323

;

13 August 1949, St. John

23,807

.

Aomon: 16 May 1946, Fosberg 24,337;

4 June 1946, Taylor 46-1,332. Biijiri: 14 August

1949, St. John 23,816. Aaranbiru: 3 June 1946,

Taylor 46-1,333. Runit: 24 May 1946, Taylor

46-1,263; 15 August 1949, St. John 23,839.

Aniyaanii: 25 May 1946, Taylor 46-1,272; 8

August 1949, St. John 23J726. Japtan: 15 May
1946, Fosberg 24,332 and 24,337; observed

1946, Taylor; 1957, Lane 37-147. Parry:

observed 1944, Bryan. Jieroru: 21 May 1946,

Taylor 46-1,243. Igurin: 14 May 1946, Fosberg

24,304, and 24,308; 22 May 1946, Taylor 46-

1,231; 9 August 1949, St. John 23,736. Giriin-

ien: 20 August 1957, Lane 37-107, and 37-109.

Rigili: 10 August 1949, St. John 23,744.

PORTULACACEAE

45. Portulaca lutea Soland. "Kiran.” Fleshy,

long-lived herb, prostrate or suberect, glabrous;

stems 15-50 cm. long, enlarging and becoming

suffrutescent at base; petioles 1-3 mm. long,

with tuft of axillary hairs; blades 10-35 mm.
long; petals when fresh 10-12 mm. long, yel-

low; stamens 24-48; seeds 1-1.1 mm. long,

black.

Bogombogo: 31 May 1945, Taylor 1,312.

Bogon: 11 August 1949, St. John 23,762. Aitsu:

observed 1949, St. John. Aomon: 16 May 1946,
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Fosberg 24,358; 4 June 1946, Taylor 46-1,344

.

Aniyaanii: 8 August 1949, St. John 23,728. Jap-

tan: 15 May 1946, Fosberg 24,326. Jieroru: 21

May 1946, Taylor 46-1,242. Igurin: 9 August

1949, St. John 23,738. Rigili: 10 August 1949,

St. John 23,749.

46. Portulaca oleracea L. Fleshy herb, pros-

trate or ascending, glabrous, stems 5-40 cm.

long; petioles 1-3 mm. long, with tufts of white

axillary hairs; blades 12-25 mm. long, cuneate

or cuneate-obovate; petals when fresh 2-4 mm.
long; stamens 7-15; seeds 0.7 mm. long, black.

Engebi: 18 May 1946, Fosberg 24,408; 12

August 1949, St. John 23,785 and 23,786. Aitsu:

observed 1949, St. John. Rujoru: observed 1949,

St. John. Aomon: 14 August 1949, St. John

23,834. Runit: 15 August 1949, St. John 23,850.

Eniwetok: 13 May 1946, Fosberg 24,296; ob-

served 1949, St. John.

47. Portulaca samoensis v. Poelln.; P. quairi-

fiia sensu Kanehira, non L. "Bujon.” Perennial,

semiprostrate, fleshy herb, forming dense mats;

stems 10-20 cm. long; leaves alternate, but at

the stem apices much crowded; axillary hairs 4

mm. long, white, abundant; leaves 5-8 mm.
long; petals yellow; capsule 3.5 mm. long, thin

walled; seeds 0.5 mm. in diameter, reniform,

black, rugose.

Aomon: 14 August 1949, St. John 23,830.

Runit: 24 May 1946, Taylor 1,258. 15 August

1949, St. John 23,851. Aniyaanii: 8 August

1949, St. John 23,719

;

25 August 1957, Lane

57-115.

LAURACEAE

48. Cassytha filiformis L. "Kenen.” Parasitic,

entwining herb; stems of great length, 1-3 mm.
diameter, green, becoming yellowish; leaves re-

duced to tiny, alternate, ciliate scales; flower

spikes 2.5-5 cm. long; calyx in 2 series, the 3

outer minute, the 3 inner 3 mm. long, white;

drupe 6-7 mm. diam., globose, firm, cream-

colored.

Elugelab: 2 June 1946, Taylor 46-1,321.

Bogon: 11 August 1949, St. John 23,770. En-

gebi: observed 1949, St. John. Aitsu: observed

1949, St. John. Rujoru: 2 June 1946, Taylor

1,330

;

13 August 1949, St. John 23,803. Ao-

mon: 4 June 1946, Taylor 46-1,347

;

16 May
1946, Fosberg 23,803

.

Runit: 24 May 1946, Tay-

lor 1,253; 15 August 1949, St. John 23,838.

Aniyaanii: 25 May 1946, Taylor 46-1,277. Jap-

tan: 15 May 1946, Fosberg 24,330. Parry: ob-

served 1944, Bryan . Eniwetok: 13 May 1946,

Fosberg 24,288; observed 1949, St. John. Igurin:

14 May 1946, Fosberg 24,313

;

observed 1949,

St. John. Giriinien: 23 August 1957, Lane 57-

110. Rigili: 10 August 1949, St. John.23,746.

HERNANDIACEAE

48a. Hernandia sonora L. "Bingbing.” Tree

up to 15 m. tall, 20-40 cm. in diameter; leaves

alternate, glabrous; petiole 10-13 cm. long;

blades 12-20 cm. long, 8-16 cm. wide, broadly

ovate, acute, peltate well in from the margin,

palmately nerved; panicles 10-30 cm. long;

flowers unisexual; flowers in 3’s, 1 pistillate and

2 staminate in an involucre of 4 velvety bracts;

staminate flowers with 3 sepals 5 mm. long,

short hairy; 3 petals hairy; pistillate flowers

each surrounded by a cuplike involucre; three

sepals 4 mm. long; petals 3, closely hairy; ovary

1 -celled, inferior; fruit an achene 25 mm. long,

ellipsoid, brown, loosely enclosed by the green-

ish, fleshy involucre with its apical circular

aperture.

Eniwetok: 1958, Palumbo. Fruits found in

jetsam on sea beaches, not known growing on

the island. However, it is indigenous and com-

mon on other Marshall islands, the nearest local-

ities being on Ujelang, Kwajalein, Wotje, and

Likiep. The specimens were determined by F. R.

Fosberg.

CRUCIFERAE

49. Brassica oleracea L. capitata. Annual or

biennial herb, in the first year forming a dense,

headlike rosette; leaves sessile 15-35 cm. long,

suborbicular, fleshy, with a sharp taste; later

producing an upright leafy stem; racemes loose;

petals yellow; capsule 5-10 cm. long, with a

conical beak. Cultivated vegetable.

Eniwetok: observed 1944, as "cabbage” in

American gardens, Bryan.

50. Brassica pekinensis (Lour.) Rupr. An-

nual herb forming close rosette, nearly gla-

brous; basal leaves 30-60 cm. long, oblong-obo-

vate, thin, undulate, mild in taste; petiole flat,

auriculate-winged; flowers crowded at tip of

raceme; petals 1 cm. long, light yellow; capsule
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6 cm. long, stout. Cultivated vegetable.

Engebi: in old garden, May 1944, Fosberg.

51. Brassica sp. (?)

Engebi: "two hardy, although somewhat

wilted members of the cabbage family,” ob-

served 1944, Bryan.

52. Raphanus sativus L. Annual or biennial;

root enlarged, peppery, edible; stem 60-100 cm.

tall, glaucous; leaves lyrate; racemes loose; petals

15 mm. long, white to purplish; capsule 2. 5-7.

5

cm. long, beaked. Cultivated vegetable.

Eniwetok: in American gardens, observed as

"radish” in 1944, Bryan.

LEGUMINOSAE

52a. Caesalpinia Bonduc (L.) Roxb. Large,

sturdy vine, often 10 m. long; stems thorny;

stipules none; leaves bipinnate, the leaflets in

4-

8 pairs on each pinna, 3-5 cm. long, broadly

elliptic, the petioles and rhachises prickly;

sepals 7-8 mm. long, oval; petals yellow, 2-3

times as long as the sepals; pods about 7 cm.

long, oval, compressed, prickly; the 2-3 seeds

14 mm. in diameter, globose, gray.

Eniwetok Atoll: 1946, St. John 22,197
; 1958,

Palumbo. Found only as drift seeds on the

beaches. They could have come from the north-

east, the south, or the west.

53. Canavalia microcarpa (DC.) Piper; C.

turgida Graham ex Miq. "Marlap.” Biennial,

herbaceous vine; stems glabrous; leaves tri-

foliolate; petiole 6-15 cm. long; leaflets 6-10

cm. long, oval, acuminate, abruptly obtuse at

base, almost glabrous; peduncle 15-25 cm. long;

pedicels 2 mm. long; calyx 12 mm. long,

sparsely villous; petals 20-25 mm. long, rose-

colored; pod 9-12 X 3.5 cm.; seeds 18 X 12

mm., compressed, brown.

Eniwetok: 6 August 1949, St. John 23,707 .

Igurin: 14 May 1946, Fosberg 24,309
; 9 August

1949, St. John 23,739, and 26,316.

53a. Dioclea reflexa Hook. f. Woody vine;

petioles 7 .2-9.6 cm. long, pilose; leaflets 3,

terminal leaflet 13.2-16 cm. long, broad ellip-

tic, subacuminate, firm, below sparsely villous

on veins; peduncle 10-33 cm. long; floral bracts

prominent, 9-12 mm. long; calyx 12-14 mm.
long, cupulate, hirsutulous; corolla reddish pur-

ple, the banner 17-21 mm. long, suborbicular;

pod 11-14.5 X 5.8-6.6 cm. X 9 mm., oval;

seeds 27-29 X 21-26X 12-17.5 mm., reddish

to brownish.

Found rarely as seeds only, in the drift on the

beaches. Collected in 1946, St. John 22,007

;

and about 1953 by Donaldson . It probably came
from the west or south.

54. Entada phaseoloides (L.) Merr. Woody
vine of great size, stems up to 75 m. in length,

somewhat flattened and up to 15 cm. in width,

containing potable water; leaves bipinnate; stip-

ules 4 mm. long, hornlike, caducous; petioles

10-25 cm. long, ending in a 2 -parted tendril;

leaflets 4-6 cm. long, 2-3 cm. wide, oblong or

lanceolate; flowers subsessile in spikes; petals

2.5 mm. long, narrowly oblong; pod 45-60 cm.

long, 5-7 cm. wide, massive, contracted around

the seeds; seeds discoid, shining, brown, hard.

Eniwetok: 1958, Palumbo no. D. Known
here only as seeds in the sea drift. Not indig-

enous to the Marshalls, but probably drifting

from islands to the south or west.

55. Mucuna mens (L.) Medic. Climbing

vine; leaves alternate, 3-foliolate; petioles 6-12

cm. long; terminal leaflet 7.5-16 cm. long, lance-

ovate to obovate, acuminate; inflorescence 30-90

cm. long, many flowered; calyx 11-13 mm. long,

campanulate, sericeous and hispid; corolla 35

mm. long; pods 15-25 cm. long, oblong, 4-4.5

cm. wide, densely hispid with irritating hairs;

seeds 3 cm. broad, discoid, flattened but fat,

brown, surrounded by the hilum.

An exotic, not found growing, but as drift

seeds on beach of Engebi, 1949, St. John. It

surely drifted from Hawaii on the northeast.

56. Phaseolus vulgaris L. Annual vines, erect

or twining, pubescent; the three leaflets 10-15

cm. long, rhombic-ovate, acuminate; racemes

few-flowered; petals 12-22 mm. long, white to

purple; pod 10-20 cm. long, terete or com-

pressed, edible. Cultivated vegetable.

Eniwetok: in American gardens, as "string

beans,” observed 1944, Bryan.

57. Phaseolus sp. (?)

Eniwetok: in American gardens, as "beans,”

observed 1944, Bryan.

58. Vigna marina (Burm.) Merr. "Markine-

jojo.” Trailing perennial vine; stems 15-100

cm. long; the three leaflets 5-8 cm. long, ob-

ovate to suborbicular, somewhat fleshy, sparsely
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appressed pilose when young; flowers in

racemes; corolla 10-14 mm. long, bright yellow;

legume 5-7 cm. long, the valves twisting after

opening. Seeds 6-8 mm. long.

Parry: observed 1944, Bryan.

ZYGOPHYLLACEAE

59. Tribulus cistoides L. Erect perennial herb,

forming clumps, hirsute; stipules 4-7 mm. long;

leaves opposite, even pinnate with 8 pairs of

leaflets, these 12-16 mm. long, oblong-elliptic,

white appressed sericeous; flowers solitary; se-

pals 6 mm. long; petals 2-2.5 cm. long, obovate,

bright yellow; fruit splitting into 5-6 wedge

shaped cocci, each with 2 strong dorsal horns.

Engebi: 15 May 1946, Fosberg 24,403.

SIMAROUBACEAE

60. Suriana maritima L. "Ngiungi.” Shrub

1-3 m. tall; leaves 1-2 cm. long, linear spatulate,

alternate but crowded, closely appressed pilose;

racemes subterminal; calyx lobes lance-deltoid;

petals 7-9 rnm. long, yellow, the 5 carpels free;

capsules 1 -seeded.

Bogombogo: 31 May 1946, Taylor 46-1,306.

Bogon: 11 August 1949, St. John 23,763. Ru-

joru: 2 June 1946, Taylor 46-1,324; 13 August

1949, St. John 23,809

.

Aomon: 4 June 1946,

Taylor 46-1,343

;

observed 1949, St. John.

Igurin: 14 May 1946, Fosberg 24,310; 9 August

1949, St. John 23,734. Giriinien: 28 May 1946,

Taylor 46-1,303

;

23 August 1957, Lane 37-112.

Rigili: 10 August 1949, St. John 23J732.

EUPHORBIACEAE

60a. Aleurites moluccana L. Tree 12-25 m.

tall, 25-100 cm. in diameter; bark gray; sap a

blood coagulant; leaves alternate, the young

ones concealed by appressed pubescence and

from a distance appearing white; petioles 4-15

cm. long, stellate pubescent or farinose; blades

strikingly polymorphic, narrow or broad, entire

or lobed, with a lateral lobe on each side, or

only on the right side, or only on the left side,

8-20 cm. long, 4-10 cm. wide, stellate pubes-

cent to subglabrate; panicles 10-15 cm. long,

pubescent; flowers unisexual, the pistillate few;

staminate flowers with calyx 3-4 mm. long,

ovoid, 2-3 -lobed; petals 5-9 mm. long, oblong,

white; stamens 12 or more; pistillate flowers

with calyx 6 mm. long; nut mostly 1 -seeded and

globose, the husk 5 cm. in diameter, green, then

wrinkled and brownish, separating after de-

caying; stone 2.5-3 cm. long, subovoid, resem-

bling an English Walnut; seed oily, cathartic,

but after roasting edible and tasty.

Eniwetok: 1958, Palumbo. Found only as a

single husked stone in the sea drift. It arrived

by flotation, but could have come from the

northeast, as Hawaii, or from the south, or from

the west.

61. Euphorbia Chamis s onis ( Klotsch &
Garcke) Boiss. "Berol.” Glabrous perennial

herb, forming clumps 20-30 cm. tall; leaves 2

cm. long, entire, obovate, obtuse or retuse, sub-

cordate, glaucous below; cymes terminal; in-

volucre turbinate, the ovate-triangular teeth

hirsute, the glands white, entire or lobed; seeds

ovate-quadrangular, subrugose tuberculate.

Bogon: 11 August 1949, St. John 23,767.

Engebi: 18 May 1946, Fosberg 24,383. Eniwe-

tok: 10 September 1957, Lane 37-129.

62. Euphorbia hirta L. Short-lived herb, often

branching near the base, the tips ascending,

15-30 cm. tall, densely hirsute; petioles 2 mm.
long; blades 2-4 cm. long, elliptic-oblong to

oblong-lanceolate, serrate; inflorescences axil-

lary, capitate, greenish to purplish; involucre 1

mm. long, puberulent; capsule long stalked, 1.5

mm. diam.; seeds 0.5 mm. long, oblong, brown.

Introduced weed.

Japtan: 12 September 1957, Lane 37-146.

Eniwetok: 17 May 1946, Fosberg 24,367

.

63. Euphorbia thymifolia L. Short-lived herb,

stems 10-30 cm. long, prostrate, densely hirsute;

leaves opposite; petioles 2 mm. long; blades 2-4

cm. long, ovate-elliptic, oblique, acute, serrulate;

flowers in dense axillary cymes; involucres 1

mm. long; capsule 1.5 mm. diam., puberulent;

seeds reddish brown, rugulose. Introduced weed.

Japtan: 12 September 1957, Lane 37-143.

Eniwetok: 10 September 1957, Lane 37-130.

64. Phyllanthus amarus Schum. & Thonn. P.

niruri auth. in part, not of L. Erect, short-lived

herb, 1-5 dm. tall; internodes 1-3 cm. long;

stipules 0.8-1.3 mm. long, broadly ovate-lance-

olate or lanceolate; petioles 0.3-0. 5 mm. long;

blades mostly 5-11 mm. long, elliptic-oblong,

obtuse or apiculate; staminate flowers with
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calyx lobes 0.3-0.6 mm. long; pistillate flowers

on pedicels 0.6-0.7 mm. long, becoming 1-2

mm. long; the calyx lobes 0.9-El mm. long,

whitish scarious margined; capsule 1.9-2.1 mm.
diam., oblate, trigonous; seeds 0.9-1 mm. long,

trigonous, light brown, 5-6-ribbed on the back.

Weed, introduced from America.

Japtan: observed 1949, St. John. Parry: 20

August 1957, Lane 57-105. Eniwetok: 6 August

1949, St. John 23,706.

65. Ricinus communis L. Shrub or tree up to

9 m. tall; leaves alternate; flowers monoecious

in terminal racemes; staminate flowers with

3-5 -parted calyx, and numerous stamens with

branched filaments; pistillate flowers higher up

with deciduous calyx; capsule rounded, 3-lobed,

spiny; seeds 7-15 mm. long, ellipsoid, mottled.

Introduced ornamental.

Engebi: 18 May 1946, Fosberg 24,377. Eni-

wetok: 6 August 1949, St. John 23,701.

SAPINDACEAE

65a. Sapindus Saponaria L. Tree 5—10 m.

tall; bark gray, rough; leaves alternate, without

stipules, odd pinnate, 20-50 cm. long; petiole

and rhachis commonly winged; leaflets mostly

7-9 and 5-15 cm. long, elliptic to oblong-

lanceolate, obtuse or acute, often falcate; pan-

icles 17-27 cm. long, pubescent; sepals 1.5 mm.
long, pubescent; petals 2.5 mm. long, elliptic,

white, ciliate; berry nearly 2 cm. in diameter,

brown, the flesh translucent, orange brown;

seed bony, black.

Eniwetok Atoll: 1958, Palumbo. Found rarely

as seeds in drift on sea beaches, not indigenous

in Marshall Is. Probably the seeds drifted from

Hawaii, that is from the northeast. Specimens

determined by F. R. Fosberg.

TILIACEAE

66. Triumfetta procumbens Forst. f. "Adat.”

Perennial, trailing suffrutescent vine, generally

stellate hirsutulous; petioles 2-4 cm. long;

blades 3-10 cm. long, suborbicular but the base

rounded or cordate, the apex with 3 large,

rounded lobes, the texture firm, above green

and smooth; cymes axillary; 5 sepals 1 cm. long,

linear-oblong; petals 1 cm. long, yellow; cap-

sules 12 mm. in diameter. The stem has a band

of excellent white fiber, much used in weaving.

Bogombogo: 31 May 1946, Taylor 46-1,313.

Bogon: 31 May 1946, Taylor 46-1,316; 11

August 1949
,
St. John 23,768. Engebi: observed

1944, Bryan

;

18 May 1946, Fosberg 24,401;

observed 1949, St. John. Aitsu: 13 August

1949, St. John 23J92. Rujoru: 13 August 1949,

St. John 23,804. Aomon: 16 May 1946, Fos-

berg 24,366; 4 June 1946, Taylor 46-1,351;

observed 1949, St. John. Biijiri: 14 August

1949, St. John 23,818; Runit: 24 May 1946,

Taylor 46-1266B; 15 August 1949, St. John

23,848. Aniyaanii: 25 May 1946, Taylor 46-

1,275; 25 August 1957, Lane 57-118. Japtan:

15 May 1946, Fosberg 24,322. Parry: observed

1944 Bryan. Jieroru: 21 May 1946, Taylor 46-

l,248. Eniwetok: 13 May 1946, Fosberg 24,299;

observed 1949, St. John. Igurin: 14 May 1946,

Fosberg 24,311; observed 1949, St. John. Mui:

9 August 1958, St. John 26,318. Rigili: 10

August 1949, St. John 23,754; 1 August 1956,

Rainey.

MALVACEAE

67. Malvastrum coromandelianum (L.)

Garcke. Long-lived herb, 0.3-1 m. tall, sparsely

hirsute; petioles 6-18 mm. long; blades 2.5-5

cm. long, lanceolate to ovate, sparsely appressed

hirsute, the margin serrate; flowers axillary;

pedicels 4-6 mm. long; calyx 3-bracted, 6-9

mm. long; petals orange-yellow, a little longer;

carpels borne in a ring, each 3-spined; seed 2

mm. wide, cordate brown. Introduced weed.

Parry: 16 August 1957, Lane 57-103.

68. Sida fallax Walp. "Kio.” Shrub 0.3-1.

5

m. tall, with many lateral, slightly ascending

branches; stipules subulate; petioles 7-12 mm.
long; blades 2.5-33 cm. long, ovate to elliptic,

crenate, hoary on both sides; calyx 6 mm. long,

closely stellate hoary, funnelform, lobed half

way, the tube 10-ribbed; petals 10-12 mm. long,

orange-yellow; fruit separating into several cocci

3-3.6 mm. long, wedge-shaped, the back rugose,

the apex opening by 2 rounded oblique valves.

Eleugelab: 2 June 1946, Taylor 46-1,318.

Engebi: 21 August 1944, Bryan; May 1946,

Fosberg & Hosaka 24,389; 18 May 1946, Fos-

berg 24,393

;

observed 1949, St. John. Aitsu: 13

August 1949, St. John 23,794

.

Rujoru: 2 June

1946, Taylor 46-1,329; 13 August 1949, St. John
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23,808. Aomon: 16 May 1946, Fosberg 24,339;

4 June 1946, Taylor 46-1,348

;

14 August 1949,

St. John 23,832, and 23,833. Parry: 20 August

1944, Bryan. Eniwetok: 17 May 1946, Fosberg

24,371; observed 1949, St. John. Igurin: 9

August 1958, St. John 26,314. Rigili: 1946,

Morrison ( Taylor 46-1,281 ); 10 August 1949,

St. John 23,730; 1 August 1956, Rainey; 11

September 1957, Lane 37-134.

CARICACEAE

69. Carica Papaya L. "Keinapu.” Columnar

trees 3-15 m. tall, with soft trunk and milky

sap; leaves in terminal wide spreading plume;

petioles 20-70 cm. long, hollow; blades 40-110

cm. long, circular in outline, deeply 7-lobed then

pinnatifid; flowers usually dioecious; staminate

flowers borne in pendent racemes, numerous,

white, 2.5 cm. long, the tube slender, elongate;

pistillate flowers axillary, subsessile, 2.5 cm.

long, creamy white, with 5 distinct petals; fruit

8-40 cm. long, ellipsoid to globose, the pulp

edible; seeds 2 mm. long, black. Recently in-

troduced fruit tree.

Parry: observed 1958, St. John.

LYTHRACEAE

70. Pemphis acidula J. R. & G. Forst. "Kungi.”

Shrub or rarely tree up to 11 m. tall; the wood
hard and tough; leaves opposite, subsessile, 10-

32 mm. long, lanceolate to oval, obtuse or acute,

appressed sericeous; flowers single in axils;

calyx 6-lobed, hairy; petals 4-6 mm. long, ob-

ovate; seeds 3 mm. long, cuneate.

Bogon: 11 August 1949, St. John 23,774.

Aniyaanii: 25 May 1946, Taylor 46-1,276

;

8

August 1949, St. John 23J27; Giriinien: 1957,

Lane 37-106.

RHIZOPHORACEAE

71. Rhizophora Mangle L. Tree to 25 m. tall,

glabrous; petioles 10-25 mm. long; blades 5-15

cm. long, elliptic, leathery, blunt or notched;

cymes 3-4 cm. long; calyx and corolla 1 cm.

long; 4 petals lanceolate, yellow, pilose within;

capsule 2.5 cm. long. Introduced tree, restricted

to tidal salty shores.

Bogombogo: February 1954, planted by

Palumbo.

COMBRETACEAE

72. Terminalia samoensis Rechinger. "Kug-

ung.” T. litoralis sensu Taylor, FI. Bikini, non
Seem. Tree up to 8 m. X 30 cm.; stems and

petioles tawny appressed puberulent; leaves al-

ternate; petioles 1-3 cm. long; blades 6-1 5 cm.

long, broadly obovate, obtuse or subacute; in-

florescences 3-10 cm. long, axillary, puberulent;

flower 7 mm. long, urceolate, the tube hirsutul-

ous without; drupes 15-18 mm. long, ellipsoid,

compressed, red.

Elugelab: 2 June 1946, Taylor 46-1,317. A i-

tsu: 13 August 1949, St. John 23,797. Rujoru:

2 June 1946, Taylor 46-1,323. Aomon: 4 June

1946, Taylor 46-1,341. Aniyaanii: 25 May 1946,

Taylor 46-1,273; 13 September 1957, Lane

37-148. Japtan: 15 May 1946, Fosberg 24,331;

27 May 1946, Taylor 46-1,283. Jieroru: 21 May
1946, Taylor 46-1,243. Mui: 28 May 1946,

Taylor 46-1,301. Giriinien: 23 August 1957,

Lane 37-111. Rigili: 10 August 1949, St. John

23,741; 1 August 1956, Rainey.

APOCYNACEAE

73. Ochrosia oppositifolia (Lam.) K. Schum.

"Kijebar.” Tree up to 15 m. X 90 cm.; leaves

glabrous; petioles 3-5 cm. long; blades 10-35

cm. long, elliptic to obovate-elliptic, firm; cymes

7-10 cm. long; calyx 4-5 mm. long; corolla

white, the tube 6 mm. long, the 5 lobes 7-8 mm.
long, obtuse; fruits 6 cm. long, twinned, ellip-

soid, red, 2 -seeded; mesoearp with many longi-

tudinal fibers. Tissues poisonous.

Japtan: 15 May 1946, Fosberg 24,329; 27

May 1946, Taylor 46-1,291; observed 1949, St.

John. Igurin: 6 September 1957, Lane 37-124.

CGNVGLVULACEAE

74. Ipomoea pes-caprae (L.) Sweet, subsp.

brasiliensis (L.) v. Ooststr. "Marginejojo.”

Perennial, glabrous vine; branches trailing, up

to 10 m. long; petioles 5-20 cm. long; blades

3-12.5 cm. long, thick, ovate to obovate to

suborbicular, commonly emarginate, rarely ob-

tuse or acute and mucronulate; cymes 3-10 cm.

long, 1-20-flowered; sepals unequal, the outer

5-13 mm. long, the inner 7-16 mm. long;

corolla 3-7 cm. long, short broad funnelform;

capsules 13-19 mm. in diameter; seeds 7-9 mm.
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long, spherical, brown villous.

Engebi: 18 May 1946, Fosberg 24,404 12

August 1949, St. John 23,778. Aomon: 14

August 1949, St. John 23,831. Eniwetok: 13

May 1946, Fosberg 24,287; observed 1949, St.

John. Igurin: 9 August 1949, St. John 23J733.

75. Ipomoea purpurea (L.) Roth. Short-

lived, twining climber; stems 1-3.3 m. long,

retrorse pilose; petioles 7-13 cm. long; blades

7-13 cm. long, acute; peduncles 1-5 -flowered,

sepals 12-16 mm. long, lanceolate, hirsute at

base; corolla 4.5-7 cm. long, narrow funnelform;

capsule 1 cm. diameter. Cultivated ornamental.

Engebi: observed May 1949, Townes,

76. Ipomoea tuba (Schlecht.) G. Don. "Mar-

bele.” I. alba, sensu Taylor, FI. Bikini. Perennial

glabrous vine, trailing or climbing; stems to 8

m. long; petioles 4-8 cm. long; blades 7-15 cm.

long, broadly ovate, deeply cordate, soft and a

little fleshy; peduncles 2-10 cm. long, usually

1 -flowered; sepals elliptic, 2 cm. long, subequal;

corolla 5-8 cm. long, trumpet-shaped; capsule

15 mm. long, subglobose; seeds villous on angles

and by hilum, puberulent elsewhere.

Engebi: 12 August 1949, St. John 23,781.

Aitsu and Rujoru: observed 1949, St. John.

Aomon: 4 June 1946, Taylor 46-1,346

;

observed

1949, St. John. Biijiri: 14 August 1949, St. John

23,823. Runit: observed 1949, St. John. Aniya-

anii: 8 August 1949, St. John 23,720; 25 August

1957, Lane 37-119. Japtan: 27 May 1946, Taylor

46-1,290; observed 1949, St. John. Jieroru:

25 May 1946, Taylor 46-1,239. Eniwetok and

Igurin: observed 1949, St. John.

BORAGINACEAE

77. Cordia subcordata Lam. "Kono.” Tree,

7-16 m. tall; wood brown, hard; petioles 2-6

cm. long; blades 12-15 cm. long, ovate to sub-

cordate, firm, nearly glabrous except for hairy

tufts in vein axils below; cymes shorter than

petioles; calyx 10-15 mm. long, urceolate, irreg-

ularly 3-5-lobed; corolla broad funnelform;

drupe 10-30 mm. long, bony.

Aitsu: 13 August 1949, St. John 23,796. Ao-

mon: 16 May 1946, Fosberg 24,331

;

4 June

1946, Taylor 46-1,346. Aaraanbiru: 3 June 1946,

Taylor 46-1,338. Runit: 24 May 1946, Taylor -

46-1,267. Aniyaanii: 25 May 1946, Taylor

46-1,270; 8 August 1949, St. John 23,723; and

23 August 1957, Lane 37-112, and 37-148. Jap-

tan: observed 1944, Bryan; 15 May 1946, Fos-

berg 24,338; 27 May 1946, Taylor 46-1,290.

Jieroru: 25 May 1946, Taylor 46-1,239. Igurin:

14 May 1946, Fosberg 24,303; 9 August 1949,

St. John 23,737. Rigili: 10 August 1949, St.

John 23,742.

78. Messerschmidia argentea (L. f.) Johnst.

"Kirin.” Tree to 10 m. X 45 cm.; herbage ap-

pressed sericeous; leaves in terminal plumes;

petioles 5-10 cm. long; blades 8-20 cm. long,

oblanceolate, thick, fleshy; cymes 10-25 cm.

long, terminal, many-flowered; berries 3-7 mm.
diameter, white. Here often shrublike.

Bogombogo: 31 May 1946, Taylor 46-1,309.

Ruchi: observed 1949, Taylor. Elugelab: ob-

served 1949, Taylor. Bogon: 11 August 1949,

St. John 23,763. Engebi: 18 May 1946, Fosberg

24,396; observed 1949, St. John. Aitsu: 13 Au-

gust 1949, St. John 23,791. Rujoru: 2 June 1946,

Taylor 46-1,326

;

13 August 1949, St. John

23,803. Aomon: 14 May 1946, Fosberg 24,332;

observed 1949, St. John. Biijiri: 14 August

1949, St. John 23,821. Runit: 24 May 1946,

Taylor 46-1,264

;

15 August 1949, St. John

23,832. Aniyaanii: 25 May 1946, Taylor 46-

1,279; 8 August 1949, St. John 23,724. Chinimi:

observed 1946, Taylor. Japtan: 15 May 1946,

Fosberg 24,339; observed 1949, St. John. Parry:

observed 1944, Bryan

;

and 1958, St. John. Ji-

eroru: 21 May 1946, Taylor 46-1,246. Eniwe-

tok: observed 1944, Bryan; 13 May 1946, Fos-

berg 24,293; observed 1949, St. John. Igurin:

14 May 1946, Fosberg 24,313; observed 1946,

Taylor, and 1949, St. John. Mui: 9 August 1958,

St. John 26,319. Rigili: 10 August 1949, St.

John 23,748.

SOLANACEAE

79. Nicotiana glauca Graham. Shrub 2-4 m.

tall, glabrous; branches erect, wandlike; petioles

2-8 cm. long; blades 3—16 cm. long, ovate,

acute, often cordate, pale, glaucous; flowers in

terminal panicles with subulate bracts; calyx 10-

12 mm. long, ovoid, faintly angled, 5 -toothed;

corolla 27-37 mm. long, yellow, tubular, puberu-

lent, the lobes 1-2 mm. long, low deltoid; cap-

sules 9—10 mm. long, ovoid; seeds 0.5 mm.
long, brown. Introduced weed.
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Engebi: 4 April 1954, Palumbo 1,124.

80. Physalis angulata L. var. angulata. Short-

lived herb, 15-90 cm. tall; puberulous especially

on younger parts ( or glabrous ) ;
petioles 1-4

cm. long; blades 4-10 cm. long, ovate to ovate-

lanceolate, subentire or more or less salient

toothed; pedicels in flower 5-15 mm. long, in

fruit 20-30 mm. long; calyx in flower 4-5 mm.
long, in fruit 25-35 mm. long, inflated, greenish;

corolla 4-10 mm. long, yellowish; anthers 1-2.3

mm. long; seeds 1.6-1.8 mm. long, reniform,

flat, reticulate, yellowish. Weed introduced from

North America.

Japtan: 12 September 1957, Lane 57-139.

Parry: 16 August 1957, Lane 57-101.

81. Solanum Lycopersicum L. Short-lived herb,

viscid hirsute 0.3-1.6 m. tall; leaves 15-45 cm.

long; petioles 20-45 mm. long; odd-pinnate, the

large leaflets 5-10 cm. long, ovate or ovate-

lanceolate, mostly alternating with tiny second-

ary leaflets; racemes 3-7-flowered; calyx 10-15

mm. long, the lobes lance-linear; corolla 7-12

mm. long, blue, the lobes lanceolate; berry 0.7-

10 cm. long, subglobose, red or yellow, edible.

The tomato, cultivated for its edible fruit.

Engebi: May 1944, Fosberg. Eniwetok: ob-

served 1944, Bryan.

RUBIACEAE

82. Guettarda speciosa L. "Wut.” Tree up to

8 m. X 15 cm.; young twigs puberulent; leaves

opposite; stipules 10-14 mm. long; petioles

1-3.5 cm. long, glabrate; blades 10-23 cm. long,

broadly obovate to suborbicular, below sparsely

hirtellous, the base rounded or cordate; cymes

6-17 cm. long, axillary; calyx campanulate;

corolla appressed puberulent, white, fragrant,

the tube 35-40 mm. long, the 4-9 lobes oval;

drupes 2.5-3 cm. diameter, white.

Bogombogo: 31 May 1946, Taylor 46-3,110.

Elugelab: observed 1946, Taylor. Bogon: 11

August 1949, St. John 237773. Engebi: 21 Au-

gust 1944, Bryan/ 18 May 1946, Fosberg 24,398;

observed 1949, St. John. Aitsu: 13 August 1949,

St. John 237793. Rujoru: 2 June 1946, Taylor

46-1,328; observed 1949, St. John. Aomon: 16

May 1946, Fosberg 24,364; 4 June 1946, Taylor

46-1,349. Biijiri: 14 August 1949, St. John

23,815. Runit: 24 May 1946, Taylor 46-1,254

;

15 August 1949, St. John 23,843. Aniyaanii: 25

May 1946, Taylor 46-1,278. Japtan: 15 May
1946, Fosberg 24,318; observed 1946, Taylor,

and 1949, St. John. Parry: observed 1944, Bryan;

6 August 1958, St. John 26,304. Jieroru: 2 May
1946, Taylor 46-1,244. Eniwetok: 13 May 1946,

Fosberg 24,294; observed 1949, St. John. Igurin:

14 May 1946, Fosberg 24,312; observed 1949,

St. John. Rigili: 10 August 1949, St. John

23,745; 1 August 1956, Rainey.

83. Morinda citrifolia L. "Nen.” Shrub or

slender tree up to 8 m. tall, glabrous; leaves op-

posite; stipules 2-3 cm. long, rounded; petioles

1-4 cm. long; blades 10-35 cm. long, elliptic or

ovate; flowers in axillary heads about 2.5 cm.

long; calyx entire; corollas white, the tube 10

mm. long, the 4 lobes 5 mm. long, elliptic; syn-

carp 5-10 cm. long, ellipsoid, honey-colored,

bitter, medicinal.

Engebi: observed 1944, Bryan; 18 May 1946,

Fosberg 24,381

;

12 August 1949, St. John

23,780. Aomon: 16 May 1946, Fosberg 24,350.

Biijiri: 14 August 1949, St. John 23,822. Aniya-

anii: 8 August 1949, St. John 23,723; 25 Au-

gust 1957, Lane 57-117. Japtan: 15 May 1946,

Fosberg 24,335; observed 1946, Taylor, and

1949, St. John. Eniwetok: 6 August 1949, St.

John 237705. Igurin: 14 May 1946, Fosberg

24,302; observed 1949, St. John.

CUCURBITACEAE

84. Citrullus vulgaris Schrad. Short-lived, trail-

ing vine, hirsute; stems 1-6 m. long; petioles

2.5-10 cm. long; blades 7-20 cm. long, bi-tri-

pinnatifid; peduncles axillary, shorter than the

leaves; calyx 8-10 mm. long; corolla 18-22 mm.
long, rotate, deeply 5 -parted, the lobes obovate;

fruit 20-60 cm. long, globose to ellipsoid; pulp

red, edible; seeds 15 mm. long, obovate, black.

The introduced watermelon.

Engebi: old garden, May 1946, Fosberg. Eni-

wetok: American gardens, observed 1944, Bryan.

85. Cucumis Melo L. Trailing, hirsute vine;

stems 1-3 m. long; petioles 3-6 cm. long; blades

4-13 cm. long, orbicular-ovate to reniform,

mostly 5 -angled, sinuate dentate; calyx lobes 3-4

mm. long, linear; corolla 15-17 mm. long; fruit

10-30 cm. long, globose to ellipsoid, pulp edible;

seeds 4-6 mm. long, pale. The introduced can-

taloupe.

Engebi: in old gardens, May 1946, Fosberg.
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86. Cucurbita maxima Duch. Short-lived,

trailing vine, hispid; stems 2-10 m. long; peti-

oles 20-40 cm. long, blades 25-40 cm. long,

suborbicular, shallowly serrate, deeply cordate;

flowers single; pedicels 10-30 cm. long, not

swollen at apex in fruit; calyx lobes 3-10 mm.
long, linear; corolla 6-8 cm. long; fruit 10-50

cm. long, variable in shape and color. The cul-

tivated squash.

Engebi: May 1946, Fosberg 24,376 and

24,380. Eniwetok: American gardens, observed

1944, Bryan.

87. ? Lagenaria siceraria (Molina) Standi.

Bottle Gourd. ? Engebi: there is a report by

MacMillan and Smith, 1946, of observing a

cultivated plant "probably Lagenaria!’ This is

deemed doubtful and not to be accepted unless

confirmed by other records.

GOODENIACEAE

88. Scaevola frutescens (Mill.) Krause var.

frutescens. "Mar kinat.” Shrub, 1-6 m. tall,

branching and forming thickets; leaves alternate,

without stipules, in terminal plumes, the cuneate

leaf base merging into an indefinite petiole;

blades 7-25 cm. long, cuneate-obovate or

oblance-elliptic, thick, usually concave below,

glabrous or almost so; cymes 2.5-8 cm. long,

5-9-flowered; calyx lobes 1.5-3 mm. long, lance-

olate; corolla 12-16 mm. long, white except for

the magenta nerves in the lobes; berries 10-12

mm. in diameter, globose, pithy, white. The most

abundant shrub, especially near the shore.

Bogombogo: 31 May 1946, Taylor 46-1,308.

Elugelab: 2 June 1946, Taylor 46-1,322. Bogon:

11 August 1949, St. John 23,764. Engebi: ob-

served 1944, Bryan; 11 May 1946, Fosberg

24,397

;

observed 1949, St. John. Aitsu: 13 Au-

gust 1949, St. John 23,790. Rujoru: 2 June

1946, Taylor 46-1,327

;

observed 1949, St. John.

Aomon: 16 May 1946, Fosberg 24,361; ob-

served 1949, St. John. Runit: 24 May 1946,

Taylor 46-1 ,266A. Aniyaanii: 25 May 1946,

Taylor 46-1 ,271; 8 August 1949, St. John 23R22.
Japtan: 15 May 1946, Fosberg 24,336; observed

1946, Taylor, and 1949, St. John. Chinimi: ob-

served 1946, Taylor. Parry: observed 1944,

Bryan. Jieroru: 21 May 1946, Taylor 46-1,247 .

Eniwetok: 13 May 1946, Fosberg 24,291; ob-

served 1949, St. John. Igurin: 13 May 1946,

Fosberg 24,314; observed 1946, Taylor, and

1949, St. John. Mui: 9 August 1958, St. John

26,320. Rigili: 10 August 1949, St. John 23,731.

89. Scaevola frutescens (Mill.) Krause var.

sericea (Forst. f.) Merr. "Mar Kinat.” Like the

species, but the foliage, white sericeous from the

abundant, appressed pilosity.

Biijiri: 14 August 1949, St. John 23.823.

Runit: 15 August 1949, St. John 23,847. Rigili:

1 August 1956, Rainey.

COMPOSITAE

90. Erigeron bonariensis L. E. albidus (Willd.)

Gray. Short-lived herb, 1-2.7 m. tall, slender and

unbranched to the inflorescence; canescent

throughout; leaves alternate, sessile or with

petioles to 3 cm. long; blades 2-10 cm. long,

linear-lanceolate; panicle terminal, 20-60 cm.

long, leafy; involucral bracts 4 mm. long, in 2-3

series; flowers white; achenes 1.5 mm. long, the

pappus stiff. Introduced weed.

Eniwetok: 6 August 1949, St. John 23,708.

91. Lactuca sativa L. Short-lived, smooth herb,

first forming a rosette with leaves 12-25 cm.

long, obovate to orbicular, sessile; soft, edible;

later producing a single, leafy stalk 1-1.3 m.

tall; cauline leaves much smaller, auriculate and

serrate; panicle terminal; heads with 12-16 yel-

low ray flowers; achene lenticular; pappus silky.

The cultivated lettuce.

Eniwetok: in American gardens, observed

1944, Bryan.

92. Pluchea indica (L.) Less. Shrub, 0.6-2 m.

tall; leaves alternate, 15-55 mm. long, oblan-

ceolate, denticulate; cymes 2-7 cm. long, several

headed; involucre 3-4 mm. high; bracts firm, in

several series; flowers pink, pappus silky. In-

troduced weed.

Eniwetok: 6 August 1949, St. John 23,704.

93. Pluchea odorata (L.) Cass. Vigorous

herb 1-3 m. tall, soft pilose; leaves alternate;

petioles 0.5-2 cm. long; blades 8-15 cm. long,

densely white pilose beneath; corymbs numer-

ous, many headed; involucre 5 mm. high;

flowers creamy. Introduced weed.

Eniwetok: 6 August 1949, St. John 23,703.

94. Vernonia cinerea (L.) Less. "Senailing

nagailing.” Short-lived herb, 20-60 cm. tall,

freely branching, cinereous puberulent; petioles
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0-10 mm. long; blades 2.5-3.2 cm. long, the

lower ones lanceolate to obovate; the upper

smaller and linear; panicle terminal; involucre

2.5 mm. long, the bracts unequal, in several

series; corollas as long as the involucre, bluish;

achenes 1 mm. long, the pappus white, stiff.

Introduced weed.

Engebi: 4 April 1954, Palumbo 1,123 . Eni-

wetok: 6 August 1949, St. John 23,710.

95. Wedelia biflora (L.) DC. "Marguegue.”

Arching and half-sprawling shrub; stems 2-10

m. long; leaves opposite; petioles 1-3 cm. long;

blades 5-10 cm. long, lance-ovate, distantly

serrate, sparsely appressed hirsutulous; pedun-

cles terminal, mostly in 3’s with 1-2 heads;

involucre 4 mm. long, the bracts unequal, in

several series; ray florets bright yellow, about

8, the rays 5 mm. long; disk florets numerous,

each wrapped in a palea; their achenes 3 mm.
long, commonly without pappus.

Engebi: observed as "yellow composite vine,"

1944, Bryan
;
18 May 1946, Fosberg 24,391.

96. Zinnia elegans Jacq. (?) Short-lived

herb, 1.5—1 m. tall; leaves opposite, 2.5-5 cm.

long, ovate to elliptic, hispidulous; heads sol-

itary, 5-13 cm. across; involucral bracts round

or elliptic, dark-tipped; ray flowers elliptic, of

numerous rich colors; disk orange; achenes 5-6

mm. long, flattened, obovate, winged.

Eniwetok: in American gardens, observed

as "Zinnia,” 1944, Bryan.
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Marine Copepods of the Genus Anthessius from the

Northeastern Pacific Ocean 1

Paul L. Illg2

Among the copepods associated with inverte-

brates there is a remarkably homogeneous col-

lection of species, predominantly associated with

mollusks, comprising the genus Anthessius Della

Valle 1880. The indications are strong that the

mollusks will exclusively furnish the hosts of

the members of the genus. Investigations of the

invertebrate fauna of the Pacific Coast of the

United States has resulted in the discovery of

four species. One of these, Anthessius navanacis

(Wilson, 1935), is known from California due

to the fruitful ecological studies of Professor

and Mrs. G. E. MacGinitie. From collections of

the U. S. Steamer "Albatross,” we have from

Hawaii Anthessius hawaiiensis (Wilson, 1921).

In the description of new species in a genus so

anatomically consistent, it was necessary to in-

voke details not available in the original descrip-

tions of these older species. Accordingly, they

are redescribed below, with some emendations.

For support of much of the research contribut-

ing to this paper I am indebted to Fund 171,

State of Washington. The illustrations for three

species are based on pencil renderings by Mr.

R. U. Gooding. Other drawings and the writing

of the paper have been completed during the

tenure of a John Simon Guggenheim Memorial

Foundation Fellowship. I am indebted to many
colleagues for assistance in connection with this

report, and am most particularly obliged to Mr.

John E. Fitch for his considerable efforts in col-

lecting for me the material of the species named

for him below.

The genus Anthessius Della Valle dates from

1880, with two species described as associates

of Mediterranean mollusks. A still earlier species

is now included in the genus. This is Boeckia

arenicola Brady 1872^, 1872/?. As Boeckia is a

preoccupied generic name, Brady subsequently

1

Contribution No. 139 ,
Hawaii Marine Laboratory.

2 Department of Zoology, University of Washing-
ton, Seattle, Washington. Manuscript received May
29 , 1959 .

referred to this species as Lichomolgus arenicolus

(1880: 46-47). It has been referred to in

this combination by several authors, and also

as Herrmannella arenicola, following T. Scott

(1898). No host was known for this species until

Bocquet and Stock (1958) demonstrated that

A. arenicolus is an associate of Dosinia exoleta

(L), and, further, clarified the systematic con-

fusion of this species with their A. teissieri 1958

in much of the published record. Such reinvesti-

gations as that of Bocquet and Stock of many
of the known species are needed to solve bio-

nomic problems and to expand anatomical de-

scriptions for provision of a sound basis for the

resolution of the discrepancies found in the

literature on the systematics of the genus. The

work of these authors added to the revisionary

summary of Monod and Dollfus ( 1932 ) and

the review of Sewell (1949) provide the basis

for the present treatment of the group. In the

published record so far, the genus is still referred

to the family Lichomolgidae, although the ap-

propriateness of this attribution has already

been questioned (Illg, 1949: 393). Myicolidae

Yamaguti 1936 is available in Cyclopoida Poe-

cilostoma among the families in the complex

containing Clausidiidae and Fichomolgidae. I

follow de Vos in Korringa and Lambert ( 1951:

18-19) in assigning Lichomolgus spinosus Raf-

faele e Monticelli 1885 not to Anthessius, but

to the closely related genus, Pseudomyicola

Yamaguti 1936. Pseudomolgus Sars 1916 is a

synonym of Anthessius and the list of species

so assigned must be transferred, as shown by

Monod and Dollfus. The group of species now
comprising Anthessius form a most coherent

series of forms for which some morphological

generalizations now can be made. Considerable

emphasis has been laid by some authors on the

importance of the condition of the segment of

the first legs, relative to its alternative fusion

with or separation from the cephalosome. Study

of five species leads me to conclude that typically

337
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the cephalosome in the genus functionally in-

cludes the segment of the first legs. However,

the legs themselves seem to function as part of

the metasomal series of legs. The anterior part

of the segment on the ventral side is involved

in the formation of a posterior termination of

the oral region. Functionally, then, the transi-

tion from cephalosome to metasome is strongly

indicated £S intrasegmental. In none of the

species I have studied does the separation of

the segment of the first legs from the anterior

region seem to involve as free an articulation as

that between successive pedigerous segments,

although a well-developed inflected interruption

of the integument may provide a conspicuous

anterior boundary for the element. In the para-

typic material of A. navanacis this feature was

found to vary, one female being found with a

well-developed suture indicating the segmental

boundary, a second female showing no interrup-

tion of the integument.

The structure and ornamentation of the anten-

nule emerge as remarkably consistent through-

out the species and it is strongly probable that

a basic form as well as a characteristic ornamen-

tation will be found consistently when details

have been presented for all species. A very in-

teresting dichotomy exists with regard to sexual

dimorphism in the armature of this appendage.

Bocquet and Stock were the first to point out

the remarkable complement of aesthetes in the

antennule of males of A. arenicolus and A. teis-

sieri. As can be seen by comparing their findings

and the descriptions below, there is apparently

a typical distribution of aesthetes on the anten-

nules of females, these occurring regularly on

segments % 6, and 7. Bocquet and Stock de-

scribed in the males of the species they studied

this same complement of aesthetes with addi-

tional aesthetes found on segments 2 and 4.

Exactly the same pattern was found in the new
species described below, A. lighti. However, on

the basis of careful study of equally favorable

material of A. nortoni and A. fitchi, both new
species, I can say that no such dimorphism exists

in these species. It will be of interest to see how
this feature is found to be distributed among the

species of the genus. Unfortunately the type

material of A. navanacis available to me was not

sufficiently well preserved to make possible de-

PACIFIC SCIENCE, Vol. XIV, October I960

termination of this feature, and for A. hawaii-

ensis I could not find males.

The antennae and the mandibles, maxillules,

and maxillae are extremely similar throughout

the species of the genus, so that a generic pattern

might very soundly be said to exist, although

there are minute details of specific variation. The
maxillipeds, highly dimorphic in the sexes, are

also somewhat more strongly specifically distinc-

tive in details of ornamentation than are the

other mouthparts. The swimming legs have a

very consistent pattern of structure and orna-

mentation throughout the genus, with, however,

fairly distinctive specific features of outline and

proportion of segments and of fine details of

minute ornamentation. Two major alternative

patterns of armature appear through the series

of species, some having three spines on ;the

terminal segment of the fourth exopodite, some
having four spines there. In all the species below

in which I have been able to study both sexes

(four of the five), I have found a sexual dimor-

phism of the first legs. On the terminal segment

of the endopodite there is a spine and five setae

in the female, two spines and four setae in the

male. The species involved are sufficiently di-

verse in their other variable characteristics that

I would venture to predict on the basis of these

that such dimorphism will probably be found

consistently throughout the genus.

The basic pattern of the fifth legs is consistent

among the species, but there are distinctive

variations in proportions and in the placement

of the elements of the armature. There is a sexual

dimorphism characteristically in this appendage,

also, but the variation may be very subtle in

degree in some species. Dimorphism of the

caudal rami also seems substantially indicated,

but for this feature additional investigation of

the previously known species is required. Finally,

with regard to sexual dimorphism it should be

stated that in this group, where unusually large

cyclopoid species are included, there is remark-

ably little difference in size of males and females

in many of the species. More information is

needed on this feature, but the situation is par-

ticularly striking in such a distinctive species as

A. ftchi, described below, which is gigantic and

equipped with strongly developed epimerae. The
male is slightly larger than the female, which is
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unusual among poecilostome groups in general.

Reaching systematic conclusions in the genus

Anthessius is difficult. The descriptions of many
of the species are fragmentary or deal with de-

tails which are not readily comparable with those

furnished in still other descriptions, so that the

relatively subtly differentiated species become
difficult to characterize as distinctive, although

the information available convinces the tax-

onomic worker of the specific separation of the

forms. Some characteristics which seem to serve

for grouping species are discussed below. Finally

a very rough key is presented to serve the func-

tion of demonstrating the specific separation of

the new species described. As most of the fea-

tures treated in the key are drawn from the

literature, some of which is unsatisfactory for

the details involved, it is to be regarded only as

a synopsis, not as a reliable device for routine

identification of species.

In general, the fifth leg of species is usually

described and depicted with considerable detail

and care. Grouping on the basis of this append-

age should be fairly reliable. In A. solecurti

Della Valle, the structure as figured and de-

scribed is unique for the genus and readily serves

to differentiate the species. Among the remain-

ing species there are two general types of con-

tour seen in the fifth leg of females. (The male

of A. investigatoris Sewell 1949 has to be in-

volved in this discussion, as the female of the

species is not known.) In most species, the

lateral margins of the free segment of the fifth

leg are essentially parallel, although there may
be some constriction at the base or toward the

apex. In all, the appendage is narrow, so that the

ratio of length to greatest width is much more
than 3, ranging from about 3.2 to 4.3 or more.

In the fifth leg of the remaining species the free

segment is much broader and more platelike.

The margins tend to expand and the armature

may be concentrated on or near a broad distal

margin. In such forms the ratio of length to

width of the free segment is much less than 3,

ranging from about 1.8 to 2.7, as discernible

from figures accompanying descriptions in most

cases. A. navanacis (Wilson), which is assign-

able to this group, is also readily separated from

all members of the genus by the distinctive out-

line of the fifth leg, with marked basal constric-

tion. Few anatomical details are available for

A. pleurobrancheae Della Valle, but in the de-

scription the structure of the fifth leg is stressed,

and this species is unique among those falling

into the category just described by completely

lacking marginal ornamentation of spinules on

the free segment. As remarked above a useful

dichotomy exists with regards to the armature

of the fourth swimming legs, but this detail is

not available from all species descriptions. Fi-

nally, there are readily determinable groupings

available based on the ratio of length to width

of caudal rami, and in most descriptions in-

formation on this feature or fairly good illus-

tration is provided. The degree of variability of

this character in any given species remains to

be determined.

key to species of Anthessius

Based on adult females, but including A.

investigatoris Sewell 1949 on the basis of the

male. A. pleurobrancheae Della Valle 1880 has

been included, after the treatment of Stock

(1959), although the original description was

very scanty and Claus’ account ( 1889) does not

extensively supplement Della Valle’s. Species

recently described (Humes, 1959; Stock, 1959)

have been included in the key, but were not

treated in the discussions in this paper.

la. Body habitus very modified, cephalo-

some much expanded in outline, tho-

racic segments with widely extending

epimera, caudal rami elongate, lami-

nate fitchi, new species

lb. Body in general approaching typical

cyclopoid habitus 2

2a. Ratio of length to width of terminal

segment of fifth leg more than 3 3

2b. Ratio of length to width of terminal

segment of fifth leg less than 3 12

3a. Terminal segment of exopodite of

fourth leg with 4 spines 4

3b. Terminal segment of exopodite of

fourth leg with 3 spines.. 9

4a. Ratio of length to width of caudal ra-

mus about 1 brevifurca Sewell 1949

4b. Ratio of length to width of caudal ra-

mus much more than 1 5
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5a. Maxilla bearing more than 10 external

marginal teeth

pleurobrancheae Della Valle 1880

5b. Maxilla bearing at most 6 external mar-

ginal teeth 6

6a. Ratio of length to width of caudal ra-

mus about 2.6 lighti, new species

6b. Ratio of length to width of caudal ra-

mus about 4 7

7a. Interior margin of fifth leg bearing distal

group of slender spinules at distal

third and a group of slender spinules

in the middle of the segment

arenicolus (Brady 1878)

7b. Interior margin of fifth leg bearing, with

exception of distal group of slender

spinules at distal third, no spinules

or setae 8

8a. Ventral surface of last segment of uro-

some with 2 prominent rows of strong

spinules. solecurti Della Valle 1880

8b. Ventral surface of last segment of uro-

some with 2 rows of hardly discerni-

ble spinules

teissieri Bocquet and Stock 1958

9a. Ratio of length to width of caudal ra-

mus about 1.5

investigatoris Sewell 1949

9b. Ratio of length to width of caudal ra-

mus much more than 1.5 10

10a. Ratio of length to width of caudal ra-

mus about 3 nortoni, new species

10b. Ratio of length to width of caudal ra-

mus more than 3.5 11

11a. Terminal segment of antenna at least

twice as long as wide

leptostylis (Sars 1916)

lib. Terminal segment of antenna about 1.5

times as long as wide

dilatatus (Sars 1918)

12a. Terminal segment of fourth exopodite

with 4 spines 13

12b. Terminal segment of fourth exopodite

with 3 spines 16

13a. Maxilla with low apical sclerotized por-

tion, not inclining anteriorly in

marked angle to remainder of append-

age hawaiiensis (Wilson 1923)

13b. Maxilla with apical portion erect, large,

sharply angled 14

14a. Exterior margin of fifth leg without

spinules or setae

groenlandicus (Hansen 1921)

14b. Exterior margin of fifth leg with row of

spinules or setae 15

15a. Exterior margin of fifth leg bearing only

about 5 short, stout, conical spinules

minor Stock 1959

15b. Exterior margin of fifth leg bearing

many long, slender spinules or setules

concinnus (A. Scott 1909)

16a. Second and fourth segments of anten-

mile extremely elongate, over 4 times

as long as wide

navanacis (Wilson 1935)

16b. Second and fourth segments of anten-

nule of moderate proportions, less than

3 times as long as wide

pinnae Humes 1959

The literature contains references to species

of Anthessius which have not yet received for-

mal systematic characterization: Pseudomolgus

sp. Wilson (1921: 15); Pseudomolgus sp. Wil-

son (1923: 4); and Anthessius sp. Humes and

Cressey (1958: 935).

Anthessius Della Valle 1880

Boeckia Brady 1872^; Brady 1872

A

Lichomolgus Brady 1880 (pars); auctorum.

Anthessius Della Valle 1880; Canu 1891;

Monod and Dollfus 1932; auctorum.

Hermanella Thompson and Scott 1903

(pars); auctorum.

Pseudomolgus Sars 1916; auctorum.

The complete synonymy of the genus is not

given here, although the basis for tracing all

references is provided in the above and the

bibliographies provided in the references cited.

There are several systematic problems connected

with the genus still to be clarified.

In many regards the diagnosis of the genus

provided by Della Valle still holds, although

some of his characters were erroneous. However

the modern definition may well be based on

the original description. The body is mostly

cyclopoid, but some considerable elaboration of

body processes may occur. The segment of the

first legs is functionally involved with the ceph-

alosome in part and may be entirely anatomically



Anthessius—Illg $41

fused. The antennule is 7-segmented. The an-

tenna is $-segmented, the basal 2 segments each

with 1 seta, the terminal segment with several

setae and several characteristic articulated hooks.

The mandible is an unsegmented flat plate

tapering apically in a long setiform process. An
equally well-developed accessory process is arti-

culated on the anterior margin just proximal to

the distal lash. Marginal ornamentation is

strongly developed in both elements. The max-

illule is a flat plate, with expanded and some-

what incised apical margin, with armature con-

sisting of an articulated spine and seta. The
maxilla has a greatly expanded basal segment,

the flat apical segment tapering and bending

anteriorly to form a heavily cuticularized ele-

ment with right-angled outline, usually with 1

accessory articulated spine or seta, and with

the margin developed as a series of conspicuous

spinous processes. The maxilliped of the female

is obscurely 3-segmented, with reduced arma-

ture. In the male the maxilliped is 3 -segmented,

the terminal 2 segments participating in a

characteristic subchela. Hand of subchela in-

flated and with ornamentation of spinules and

spines. Finger of subchela very elongate and

bearing accessory seta. Legs 1 to 4 biramous,

all rami trimerous. Armature well developed,

the most characteristic pattern being that of the

terminal segments of the third endopodite, bear-

ing 4 spines and 2 setae; that of the terminal 2

segments of the fourth endopodite, bearing on

segment two 2 setae, on three 1 seta and 4 spines;

and that of the terminal segment of the fourth

exopodite, this bearing 5 setae and alternatively

3 or 4 spines. The fifth leg has 1 free segment,

the basal element being only a setiferous prom-

inence of the body segment. The flat, elongate

free segment bears four elements of armature,

characteristically 3 spines and a seta. The sixth

legs are not particularly distinctive among those

of poecilostomes, and the caudal rami are vari-

able in proportions, although the typical cy-

clopoid armature is consistently well developed.

Sars designated Boeckia arenicola Brady as

the type of Pseudomolgus. The type for An-

thessius has not yet been fixed, but must be

selected from one of the two original species

of Della Valle, A. pleurobrancheae and A. sole-

curti. On the basis of the redescription and ex-

tensive illustration of A. solecurti by Stock

(1959), this species is herewith designated as

the type of the genus.

Anthessius hawaiiensis (Wilson)

Figs. 1-11

Pseudomolgus hawaiiensis C. B. Wilson 1921.

Type locality off South Coast of Molokai,

Hawaiian Islands, "Albatross” Station 3853,

type host Pleurobranchus sp.

SPECIMENS EXAMINED: Wilson’s types were

seen in the U. S. National Museum and were

found to compare reasonably well with the habit

figures he presented, although none were in good

condition. A female paratype, USNM 53565,

was dissected, and although some of the append-

ages were lost in preservation and some in dis-

section of the fragile specimen, a description

was prepared to provide details for comparison

with the species described below. Wilson used

a different terminology for mouthparts from

that now current, so his statements about the

first maxilla refer to our mandible, his palp of

first maxilla is our maxillule, but his second

maxilla corresponds to our usage. His descrip-

tion in general corresponds to the type speci-

mens, but his illustrations are variable in reli-

ability. The antennule and antenna are very

generally depicted, without providing details of

armature. The mandible is generally illustrated,

although some details of the armature are lack-

ing. The maxillule is inadequately depicted. The

maxilla is presented in essential outline, but

the detailing is somewhat misleading. He indi-

cates more processes on the terminal segment

than the type material corroborates. For the

female, the first leg is essentially depicted, al-

though the figure does not indicate completely

the apical spine of the terminal segment of the

exopodite. The second and third legs are illus-

trated in essential rough outline. The illustra-

tion of the fourth leg presents serious discrep-

ancy from that for the male and from the type

material. The exopodite is not depicted as pos-

sessing on the terminal segment the 3 lateral

and 1 terminal spines illustrated for the male

and which I find on the paratypic female. The
figure of the endopodite corresponds in rough

essentials. The illustration of the fifth leg cor-
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responds in rough essentials to the paratype,

but the armature was incompletely represented.

For the male, the third leg was represented as

corresponding in rough essentials to the female,

the fourth leg was illustrated so that the exopo-

dite corresponds to what I found in the female

paratype and serves to indicate a correction

can be made in the illustration for the female.

However the illustration of the endopodite does

not represent the condition found in any An-
thessius male I know of. This figure then is

subject to question. The figures 55, 56, repre-

senting the fifth leg of the male, do not agree.

I was unable to reinvestigate the appendage.

DESCRIPTION: Female (Figs. 1-11), body

length 4 mm., greatest width 2 mm., based on

Wilson’s original description. Body of rather

generalized cyclopoid contours, but with most

thoracic and abdominal segments distinct, so

that regionalization is not emphatic. Cephalo-

some a fused complex bearing appendages

through first swimming legs and comprising .34

of total body length, measured from apex of

cephalosome to end of a caudal ramus. Segment

of first legs not free, but strongly indicated by

lateral indentations and surface grooves. Meta-

some including segments of second through

fourth legs, with general body articulation be-

tween segments of legs 4 and 5. Urosome (Fig.

1) a complex including segment of legs 5,

genital segment and 3 additional abdominal

segments, considering element bearing anal

opening and supporting caudal rami as terminal

segment. Urosome comprising .41 of total body

length. Genital segment expanded laterally.

Antennule (Fig. 2) essentially 7-segmented,

but with complicated articulation and integu-

mental modification between second and third

segments, so as to suggest either coalescence or

incipient separation of an additional minute

segment. Approximate proportional lengths of

segments, basal to distal: Segment I, 3; II, 6;

III, 1; IV, 3.5; V, 2; VI, 1; VII, 1. Setae varying

in length; count per segment indeterminable in

available material.

Antenna (Fig. 3) with segmental composi-

tion much obscured by additional flexures, in-

volving integumental folds, and torsions of one

region of appendage on adjoining regions, but

probably essentially 3 -segmented. Basal segment

clear-cut, apical articulation transverse, no arma-

ture determinable. Second segment with very

complicated distal articulation, this proceeding

diagonally across appendage; no armature de-

terminable. Terminal segment with cuticularized

ridges and folds and with very broad distal

margin furnishing insertion for elaborately artic-

ulated clawlike elements and setae. Details of

armature indeterminable from available mate-

rial.

Mandible (Fig. 4) a flat plate, with very

cuticularized anterior and posterior margins.

Appendage terminating in long lashlike blade

with complicated marginal ornamentation. Two
most basal elements of ornamentation flat tooth-

like structures, compound apically and articulat-

ing with margin of appendage. Remainder of

ornamentation a long row of graduated denticles.

On anterior margin articulated a long lashlike

auxiliary seta with conspicuous graduated row

of cilia on outer margin. Between apical lash

and auxiliary seta an articulated cuticular piece

with some marginal ornamentation.

Maxilla ( Fig. 5 ) with very long articulation

with body surface, resulting in characteristic

massive basal segment, on which articulates flat-

tened apical segment with heavy cuticulariza-

tion. Apex produced in sharp angle anteriorly

with toothlike expansions of cuticle forming a

medial saw-edge. Five marginal teeth, formed

by flangelike protrusions of cuticle. Apex
produced as short spinelike process. Inserted at

base of angle of curvature of this segment and

lying on its surface an articulated setule.

Maxilliped (Fig. 6) fairly long, 2-segmented.

Basal segment a little over half as long as distal.

Terminal segment with apical spinelike process.

Margins somewhat cuticularized.

First legs (Fig. 7) with well-developed bi-

merous protopodites, yoked by substantial inter-

FlGS. 1-11: Anthessius hawaiiensis (Wilson). The scales accompanying certain figures represent 0.1 mm.
Female: 1, urosome; 2, antennule; 3, base of antenna; 4, mandible (partial); 5, maxilla; 6, maxilliped; 7, first

leg; 8, second leg; 9, third leg; 10, fourth leg; 11, fifth leg.
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coxal plate. Basal width of basipodite less than

width of distal margin of coxopodite, so medial

seta of coxopodite inserted on free portion of

margin. Coxopodite seta very long, extending

rather more medially than distally, its length

slightly greater than width of intercoxal plate.

Basipodite with row of cilia on curving medial

margin. Armature of trimerous exopodite: first

segment, 1 lateral spine; second segment, 1

lateral spine, 1 medial seta; third segment, 3

lateral spines, 1 terminal spine, 1 terminal seta,

3 medial setae. First segment with fine spinules

on lateral margin and row of cilia on medial

margin. Proximal 5 spines of ramus each out-

lined with serrate hyaline flange. Apical spine

with external hyaline flange and entire inner

margin. Endopodite flexed medially and prox-

imally. Armature: first segment, 1 medial seta;

second segment, 1 medial seta; third segment,

1 lateral spine, set in distinct emargination, 2

apical setae, 3 medial setae. Each of 2 basal seg-

ments produced at distal lateral corner as spinous

cuticular process. Spine of terminal segment

subtended by such process, and with outlining

hyaline flange. Every segment with row of cilia

on lateral margin. Setae of coxopodite and rami

with plumose ciliation.

Second legs (Fig. 8) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite on

medial free portion of border of segment. Seta

about as long as width of intercoxal plate. Basip-

odite with tiny lateral seta; medial margin with

dense row of cilia. Exopodite trimerous. Arma-

ture: first segment, 1 lateral spine; second seg-

ment, 1 lateral spine, 1 medial seta; third seg-

ment, 3 lateral spines, 1 terminal spine, 1 termi-

nal seta, 4 medial setae. First segment with row

of fine spinules on lateral margin, cilia on

medial margin. Proximal 5 spines of ramus each

outlined with serrate, hyaline flange. Apical

spine with external hyaline flange and very

small internal flange. Endopodite flexed medi-

ally and proximally. Armature: first segment,

1 medial seta; second segment, 2 medial setae;

third segment, 2 lateral spines, set in steplike

emarginations, 1 terminal spine, 3 medial setae.

Each of 2 basal segments produced at distal

lateral corner as spinous cuticular process. Spines

of terminal segment subtended by such proc-

esses, but these somewhat less developed than

those of basal segments. Spines of terminal seg-

ment with hyaline flanges. Each segment with

row of cilia on lateral margin. Setae of coxopo-

dite and rami with plumose ciliation.

Third legs (Fig. 9) with well-developed bi-

merous protopodites yoked by substantial inter-

coxal plate. Medial seta of coxopodite, about

equal to width of intercoxal plate, inserted on

medial free portion of distal border of segment.

Basipodite with small lateral seta; medial margin

with row of cilia. Exopodite, extended almost

directly, without notable flexure, trimerous.

Armature: first segment, 1 lateral spine; second

segment, 1 lateral spine, 1 medial seta; third

segment, 3 lateral spines, 1 terminal spine, 1

terminal seta, 4 medial setae. First segment with

row of fine spinules on lateral margin, dense

row of cilia on medial margin. Proximal 3 spines

of ramus each outlined with serrate, hyaline

flange. Apical spine with external hyaline flange

and internal margin entire. Trimerous endop-

odite flexed medially and proximally. Armature:

first segment, 1 medial seta; second segment, 2

medial setae; third segment, 2 lateral spines, set

in steplike emarginations, 2 terminal spines, 2

medial setae. Each of 2 basal segments produced

at distal lateral corners as small spinous cutic-

ular processes. Spines of terminal segment sub-

tended by such processes, but these even less

developed than those of basal segments. Each

segment with dense row of cilia on lateral mar-

gin. Spines of terminal segment with hyaline

flanges. Setae of coxopodite and rami with plu-

mose ciliation.

Fourth legs (Fig. 10) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite in-

serted on medial free portion of distal border

of segment; length about equalling width of

intercoxal plate. Medial margin of basipodite

with short row of cilia. Exopodite, extended with

slight flexure, trimerous. Armature: first seg-

ment, 1 lateral spine; second segment, 1 lateral

spine, 1 medial seta; third segment, 3 lateral

spines, 1 terminal spine, 1 terminal seta, 4

medial setae. First segment with row of fine

spinules on lateral margin, cilia on medial mar-

gin. Proximal 5 spines of ramus each outlined

with serrate, hyaline flange. Apical spine with
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external hyaline flange and internal margin

entire. Trimerous endopodite with slight flexure.

Armature: first segment, 1 medial seta; second

segment, 2 medial setae; third segment, 2 lateral

spines set in steplike emarginations, 2 apical

spines, 1 medial seta. Medial setae of all seg-

ments reduced somewhat in length. Each of

basal 2 segments produced slightly at distal

lateral corner as small spinous cuticular process.

Most proximal spine of terminal segment sub-

tended by such process, and another apical on

segment. Each segment with dense row of cilia

on lateral margin. Spines of terminal segment

with hyaline flanges. Setae of coxopodite and

rami with plumose ciliation.

Fifth legs ( Fig. 11) with probably 2 seg-

ments represented, basal consisting only of ex-

pansion on body posteriorly and laterally to

furnish articulation of distal segment, and with

a small seta laterally, representing armature.

Second segment broad, flattened with cuticular -

ized medial and lateral margins. Length about

2.5 times greatest width. Armature 2 spines

and 2 setae, spaced on lateral and terminal mar-

gins: 1 lateral seta at about distal .8 of lateral

margin; 1 spine at lateral distal corner; 1 seta

near medial distal corner; 1 apical spine at

medial distal corner. Spines subtended by small

groups of spinules, these continuing as short

row on distal fifth of medial margin.

Caudal ramus about 2.5 times as long as

greatest width and 1.15 times as long as anal

segment. Setal armature not determinable from

available material.

REMARKS: Due to the small amount of type

material the male of this species could not be

reinvestigated. According to the original descrip

tion by Wilson the length of the male is 2.85

mm., the width 1.25 mm., and the usual fea-

tures of anatomical dimorphism appear to occur.

Attempts have been made to re-collect this

species. The host, as indicated by the original

description, quite possibly is a fairly common
form in Hawaiian waters, but no further records

of the copepod have come to light.

The species is differentiated from others of

the genus in the key above. Many details of

the anatomy should be reinvestigated when well-

preserved specimens become available. The

species is one of the larger ones known for

the genus.

Anthessius navanacis (Wilson)

Figs. 12-26

Pseudomolgus navanacis, C. B. Wilson, 1935.

Type locality, Laguna Beach, California,

Navanax inermis (Cooper), type host.

specimens examined: Wilson’s types were

seen in the U. S. National Museum, and were

found to compare reasonably well with the habit

figures he presented ( but see below, under body

form). Two female paratypes and two male

paratypes, one pair each from USNM 54082

and USNM 64062, were dissected to compare

with the original description. The specimens

showed some variation in body segmentation

and in the strength of development of the spines

of the swimming legs, but these were of minor

grade. The specimens in some details in which

they agree with each other do not correspond

to some details of the original description and

accompanying illustrations. Accordingly, the

species is redescribed below, with details added

for purposes of comparison with other species

treated in the present study. Wilson was using

a different terminology for mouthparts from that

now current, so his statements about the first

maxilla refer to our mandible. His description

and figure for this appendage are in good agree-

ment with generalities about Anthessius species,

and, as I was unable to dissect out in good condi-

tion the mandible from the paratypes I exam-

ined, I can add no further information. Some
important discrepancies in the descriptions and

illustrations for other appendages in the original

description should be noted. The armature

described for the second antenna, 6 or 7 stout

claws and 1 or 2 setae, does not correspond with

the 4 claws and 7 setae described below. For

the 4 pairs of swimming legs, a misinterpreta-

tion of the cuticular specializations of some
segments led to presentation in the original

description of an armature which does not cor-

respond with any known for a species of An-

thessius. The exopodites are adequately described

and illustrated. For the endopodites, spinous

processes were counted as spines and some other

discrepancies from the condition in the para-
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types occur. The illustration and description of

the fifth leg in the female corresponds in rough

essentials to the condition in the paratype, but

one element of the armature was omitted. For

the male, the maxilliped was described and

figured in approximate correspondence with

that of the paratypes, but Wilson overlooked

a well-developed basal segment, so that the

appendage was referred to as 2 -segmented.

DESCRIPTION: Female (Figs. 12-22): Body
length 2.0 mm., greatest width 1.40 mm., based

on Wilson’s original description. Body of rather

generalized cyclopoid contours, but with meta-

somal and abdominal segments distinct, so that

posterior regionalization is not emphatic. Ce-

phalosome a fused complex bearing appendages

through first swimming legs and comprising .4

of total body length, measured from apex of

cephalosome to end of a caudal ramus. Original

description stated that segment of the first legs

is fused with the cephalothorax and indicated

so as an antomical segment by slight marginal

indentations. Paratypes (topotypic) from La-

guna Beach (USNM 54082) showed the seg-

ment so clearly delimited as almost to justify

considering it a free element. Paratypes from

Anaheim Slough, California (USNM 64062)

show fusion as in the original description.

Antennule (Fig. 13) essentially 7-segmented,

but with complicated articulation and integu-

mental modification between second and third

segments, so as to suggest either coalescence or

incipient separation of an additional minute

segment, which if present would raise number

to 8. Approximate proportional lengths of seg-

ments, basal to distal: Segment I, 3; II, 6.5;

III, 1.5; IV, 6; V, 3; VI, 1.5; VII, 1. Setae varying

in length, count per segment undeterminable

due to poor preservation of available specimens.

Antenna (Fig. 14) with segmental composi-

tion much obscured by additional flexures, in-

volving integumental folds, and torsions of one

region of appendage on adjoining regions, prob-

ably essentially 3 -segmented. Basal segment

without clear-cut, apical articulation, bearing 1

short external seta. Second segment with very

complicated distal articulation, this proceeding

diagonally across appendage; 1 short seta dis-

tally and externally inserted. Terminal segment

with cuticularized ridges and folds and with

very broad distal margin furnishing insertion

for 4 elaborately articulated clawlike elements

and 2 setae. Another seta near distal margin.

A subapical group of 4 setae of diverse lengths.

Total elements—4 claws, 7 setae.

Mandible a flat plate, with cuticularized

anterior and posterior margins. Appendage
terminating in long lashlike blade with com-

plicated marginal ornamentation. Two most

basal elements of ornamentation flat structures

compound apically and articulating with margin

of appendage. Remainder of ornamentation a

row of graduated denticles. On anterior margin

of mandible articulated a long lashlike auxiliary

seta with conspicuous marginal ornamentation.

Maxillule of characteristic type for genus, an

elongate lobe with flaring apex. On apex a

more medial spine and far lateral seta. More
detailed description presented for male, below.

Maxilla (Fig. 15) with very long articulation

with body. Characteristic massive basal segment,

on which articulating flattened apical segment,

with heavy cuticularization. Apex produced

in sharp angle anteriorly, with toothlike ex-

pansions of cuticle forming medial saw-edge.

Five large teeth formed by flangelike protru-

sions of cuticle. Apex produced as more elon-

gate spinelike process, to total number of out-

growths 6. In some specimens there may be 1

more or 1 less tooth. Inserted at base of angle

of curvature of distal segment, and lying on

surface, an articulated, fairly long seta.

Maxilliped (Fig. 16) a prominent mouthpart,

as seen in general habitus of mouth area, but

with little development of segmentation or

ornamentation. Three segments suggested by

folds and flexures of integument. Terminal por-

tion with folds and indentations of cuticularized

surface, but with no elements of armature.

First legs (Fig. 17) with well-developed

Figs. 12—26: Anthessius navanacis (Wilson). The scales accompanying certain figures represent 0.1 mm.
Female: 12, urosome; 13, antennule; 14, antenna; 15, maxilla; 16, maxilliped; 17, first leg; 18, second leg;

19, third leg; 20, fourth leg; 21, fifth leg; 22, anal segment and caudal ramus. Male: 23, segments of fifth

and sixth legs; 24, maxillule; 25, maxilliped; 26, fifth leg.
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bimerous protopodites, yoked by substantial in-

tercoxal plate. Basal width of basipodite less

than width of distal margin of coxopodite, so

medial seta of coxopodite inserted on free por-

tion of margin. Coxopodite seta relatively long,

extending rather more medially than distally,

and with its length slightly less than the width

of intercoxal plate. Basipodite with small lateral

seta proximal to insertion of exopodite and with

row of stout cilia on curving medial margin.

Exopodite held at angle to protopodite, trim-

erous. Armature: first segment, 1 lateral spine;

second segment, 1 lateral spine, 1 medial seta;

third segment, 3 lateral spines, 1 terminal spine,

1 terminal seta, 3 medial setae. First segment

with fine spinules on lateral margin, row of cilia

on medial margin. Proximal 5 spines of ramus

each outlined with serrate hyaline flange. Apical

spine with external hyaline flange and internal

row of cilia. Endopodite flexed medially and

proximally. Armature: first segment, 1 medial

seta; second segment, 1 medial seta; third seg-

ment, 1 lateral spine, set in distinct emargina-

tion, 2 apical setae, 3 medial setae. Each of 2

basal segments produced at distal lateral corner

as strong spinous cuticular process. Spine of

terminal segment subtended by such process,

and with outlining hyaline flange. Each segment

with row of cilia on lateral margin. All setae

of leg with plumose ciliation.

Second legs (Fig. 18) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite on

medial free portion of border of segment. Seta

about as long as width of intercoxal plate. Basip-

odite with small lateral seta; medial margin with

cilia. Exopodite trimerous. Armature: first seg-

ment, 1 lateral spine; second segment, 1 lateral

spine, 1 medial seta; third segment, 3 lateral

spines, 1 terminal spine, 1 terminal seta, 4

medial setae. First segment with row of spinules

on lateral margin, cilia on medial margin. Proxi-

mal 3 spines of ramus each outlined with ser-

rate, hyaline flange. Apical spine with external

hyaline flange and internal margin entire. En-

dopodite slightly flexed medially and proximally.

Armature: first segment, 1 medial seta; second

segment, 2 medial setae; third segment, 2 lateral

spines, set in steplike emarginations, 1 terminal

spine, 3 medial setae. Each of basal 2 segments

produced at distal lateral corner as small spinous

cuticular process. Proximal spine of terminal

segment also subtended by such process. Each

segment with row of cilia on lateral margin.

Spines of terminal segment with hyaline flanges.

All setae of leg with plumose ciliation.

Third legs (Fig. 19) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal. plate. Medial seta of coxopodite about

as long as width of plate, inserted on medial

free portion of distal border of segment. Basip-

odite with small lateral seta; medial margin

with cilia. Exopodite, extended directly, without

notable flexure, trimerous. Armature: first seg-

ment, 1 lateral spine; second segment, 1 lateral

spine, 1 medial seta; third segment, 3 lateral

spines, 1 terminal spine, 1 terminal seta, 4 me-

dial setae. First segment with row of spinules on

lateral margin, row of cilia on medial margin.

Proximal 5 spines of ramus each outlined with

serrate, hyaline flange. Apical spine with ex-

ternal hyaline flange and internal margin en-

tire. Trimerous endopodite slightly flexed me-

dially and proximally. Armature: first segment,

1 medial seta; second segment, 2 medial setae;

third segment, 3 lateral spines, set in steplike

emarginations, 1 terminal spine, 2 medial setae.

Each of 2 basal segments produced at distal

lateral corner as moderately long spinous cutic-

ular process. Proximal spine of terminal seg-

ment subtended by such process, but this less

developed than those of basal segments. Each

segment with row of cilia on lateral margin.

Spines of terminal segment with hyaline flanges.

All setae of leg with plumose ciliation.

Fourth legs (Fig. 20) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite in-

serted on medial free portion of distal border of

segment. Basipodite with small lateral seta;

medial margin with row of cilia. Exopodite,

with somewhat medial flexure, trimerous. Arma-

ture: first segment, 1 lateral spine; second seg-

ment, 1 lateral spine, 1 medial seta; third seg-

ment, 2 lateral spines, 1 terminal spine, 1 ter-

minal seta, 4 medial setae. First segment with

row of fine spinules on lateral margin, cilia on

medial margin. Proximal 4 spines of ramus each

outlined with serrate, hyaline flange. Apical

spine with external hyaline flange and internal
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margin, except for slight notch, entire. Trim-

erous endopodite with medial flexure. Armature:

first segment, 1 medial seta; second segment,

2 medial setae; third segment, 3 lateral spines

set in steplike emarginations, 1 terminal spine,

1 medial seta. Medial setae of distal segment

very short. Each of basal 2 segments produced

at distal lateral corner as small spinous cuticular

process. Basal spine of terminal segment also

subtended by such process. Each segment with

row of cilia on lateral margin. Spines of ter-

minal segment with hyaline flanges, complete

in lateral spines, only on lateral margin of

terminal spine. All setae of leg with plumose

ciliation.

Fifth legs (Fig. 21) with probably 2 seg-

ments represented, basal consisting only of ex-

pansion on body segment posteriorly and lat-

erally to furnish articulation of distal segment,

with 1 small seta representing armature. Second

segment elongate, flattened, with cuticularized

medial and lateral margins. Length about 1.8

times greatest width. Armature 3 spines and 1

seta, spines about equally spaced on lateral and

terminal margins : 1 lateral spine at distal corner

of lateral margin; 1 spine at about midpoint of

broad apical margin; 1 spine at medial distal

corner; 1 seta near medial distal spine. Seta and

apical spine subtended by small groups of

spinules. Spinules also forming short rows on

distal half of medial margin and middle third

of lateral margin.

Sixth legs probably represented by small se-

tiferous knob in depression at aperture of ovi-

duct, located dorsally on lateral expansion of

genital segment. Two subequal setules forming

armature.

Caudal ramus (Fig. 22) about 2.5 times as

long as greatest width and about as long as

anal segment. Armature 6 setae. Of apical

quartet of setae, medial of central 2 longest,

about 4 times as long as ramus; adjacent long

seta 2 times length of ramus. Medial apical seta

about .6 as long as ramus; lateral apical seta

about .4 as long as ramus. Lateral marginal seta

short, about .4 as long as ramus, inserted on

lateral margin at about distal third. Dorsal me-

dial seta very short, inserted just subapically.

MALE (Figs. 23-26): Body length 1.5 mm.,

greatest width .5 mm., based on Wilson’s original

description. Body very generalized cyclopoid

in type. Cephalosome bearing first legs, its seg-

ment indicated by slight marginal indentations.

Metasome of free segments of legs 2 to 4. Uro-

some of free segments of legs 5, 6, and 4 ab-

dominal segments, including segment bearing

anus and caudal rami. Segments of legs 5 and

6 much coalesced in a genital complex (Fig.

23) accommodating spermatophores which are

very elongate.

Antennules, antennae and mouthparts, except

maxilliped, as in female. Maxillule (Fig. 24) of

characteristic type of the genus; elongate, with

shoe-shaped apex. A long medial seta and sub-

apical spine. Two subequal small apical lobes.

Maxilliped (Fig. 25) highly dimorphic, de-

veloped as massive, complicated appendage,

probably trimerous. In mouth area, maxillipeds

held in characteristic posture, tending to align

along longitudinal axis of body, second segment

moving in sagittal plane over first segment, and

terminal segment tending to swing in frontal

plane. First segment about one-third length of

second, unornamented. Second segment tapered

apically, margin medial in position in normal

posture of appendage bearing characteristic

ornamentation, serving to act in conjunction

with clawlike terminal segment in prehensile

function. Medial ornamentation consisting of 2

longitudinal multiple rows of denticles, and a

single row of long spinules. In addition, near

midpoint of medial margin a short, stout spine.

Terminal segment forming very complicated

region of articulation on apex of second seg-

ment, prolonged as curving claw, longer than

second segment. One seta inserted on expanded

region of articulation.

Dimorphism also expressed particularly in

first legs, remaining swimming legs very sim-

ilar to those of female. Protopodites and exo-

podites of first legs essentially as in female. Basal

segments of endopodites as in female, terminal

segment of each with lateral spine, 1 apical

spine, 1 apical seta, 3 medial setae, apical spine

representing a seta of female appendage.

Fifth leg (Fig. 26) not greatly like that of

female in outline, but with similar ornamenta-

tion. Length about 2.5 times greatest width,

thus a much narrower appendage, without con-
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spicuous basal constriction. Medial row of

spinules more extensive, reaching apex.

Sixth legs (Fig. 23) ventrolateral on genital

segment, involved in very complicated manner

with structure of reproductive opening. Most

obviously representative of appendage a small

prominence bearing 2 setae, the more medial

about half as long as lateral.

REMARKS: The species seems to belong to a

southern California fauna, as it was collected

from at least two localities, Anaheim Slough and

Laguna Beach, by the MacGinities. In consid-

erable exploration and study of marine zoology

on the West Coast no collections from further

north have yet come to my attention, although

the host is recorded as ranging very widely on

the coast of California and has been closely ob-

served frequently. Details of the antennules

should be reinvestigated on freshly collected

specimens.

Anthessius lighti, new species

Figs. 27-58

TYPES: Holotypic female, USNM 103307, al-

lotypic male, USNM 103308, paratypes, USNM
103309; additional paratypes in Alan Hancock

Foundation, University of Southern California,

and in author’s collection. Type locality, Bodega

Bay, California, from Aplysia californica Cooper.

SPECIMENS EXAMINED: Several lots of this

species are included in the material studied, but

as far as can be determined they represent

a single collection from A. californica, from

Bodega Bay, California, June 1, 1941, O. Hart-

man and E. C. Dougherty, many specimens,

males and females. The descriptions below and

the illustrations are based on a number of speci-

mens, some unmounted, some whole mounts,

some temporarily mounted dissections, some

permanently mounted dissections. Two of the

latter have been selected as holotype and allo-

type.

DESCRIPTION: Female (Figs. 27-43): Body

length 2.67 mm., greatest width 1.14 mm., aver-

ages for 10 specimens. Body (Figs. 27, 28) of

rather generalized cyclopoid contours, but with

most thoracic and abdominal segments distinct,

so that regionalization is not emphatic. Cephalo-

some a complex bearing appendages through

first swimming legs and comprising .33 of total

body length measured from apex of cephalosome

to end of a caudal ramus. General contour and

internal structure strongly indicating segment

of leg 1 a part of cephalosome, but this seg-

ment clearly demarcated dorsally and anteri-

orly by continuous articulationlike groove and

well-developed marginal indentations. Ventrally

segment of leg 1 apparently contributing to

cephalosome in forming massive midventral

bulge between mouthparts and leg 1. First legs

situated on posterior edge of segment, directed

posteriorly, obviously behaving functionally as

part of metasomal group of legs. On anterior

margin apex of head protruded in a slight bulge

between bases of widely separated antennules.

No rostrum, apical ventral region of head a wide

flattened expanse between bases of antennules

and antennae. Metasome including pedigerous

segments of second through fourth legs, with

general body articulation between segments of

legs 4 and 5. Segment of fourth legs with dis-

tinctive bilateral, ventral structures. Fourth legs

borne on anterior end of ventral surface of seg-

ment. At each side on posterior region of ventral

surface two subequal lobes extending posteriorly.

Lobes visible in dorsal view (Fig. 30) of intact

animal, as lying between segments of legs 4 and

5 and medial to the fourth legs. Urosome a com-

plex including segment of legs 5, a genital seg-

ment and 3 additional abdominal segments, con-

sidering element bearing anus and supporting

caudal rami as terminal segment. Segment of

fifth leg, as in other pedigerous segments, with

dorsal epimeralike lateral expansions. Urosome
comprising .45 of total body length. Genital

segment expanded laterally, dorsally with dis-

FlGS. 27—39: Anthessius lighti, new species. The scales accompanying certain figures represent 0.1 mm.
Female: 27, habit, dorsal; 28, habit, lateral; 29, egg sack; 30, lateral part of segment of fourth leg and ad-

joining structures, dorsal view; 31, antennule; 32, antenna; 33, oral area; 34, mandible; 35, maxillule; 36,

maxilla; 37, maxilliped; 38, fifth leg and lateral portion of genital segment; 39, caudal ramus. Legend: B,

base of fourth leg; E, epimeron of segment of fourth leg; L, labrum; M, mandible; P, maxilliped; R, pro-

tuberance of unknown significance at base of fourth leg; U, maxillule; V, segment of fifth leg; X, maxilla.
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tinctive structures marking apertures of oviducts

and sites of attachment of egg sacks (Fig. 38).

Egg sack (Fig. 29) about .35 of total body

length, containing several hundred small eggs.

Antennule (Fig. 31) essentially 7-segmented,

but with complicated articulation and integu-

mental modification between second and third

segments, so as to suggest either coalescence or

incipient separation of an additional minute

segment. Approximate proportional lengths of

segments, basal to distal: Segment I, 3; II, 7;

III, 1.5; IV, 5; V, 3.5; VI, 1; VII, 1. Setae, vary-

ing in length and count per segment: Segment

I, 4 setae; II, 7 setae near base of segment, 8

around distal end; III, 5 setae, 1 belonging to

section suggesting a free segment; IV, 3 setae;

V, 4 setae, 1 aesthete; VI, 2 setae, 1 aesthete;

VII, about 5 setae, 3 on basal prominence of

segment, apparently 2 setae and 1 aesthete apical.

Antenna (Fig. 32) with segmental composi-

tion obscured by flexures, involving integu-

mental folds, and torsions, probably 3 -segmented.

Basal segment with partial distal articulation,

1 short external seta apically. Second segment

with very complicated distal articulation, 1 short

seta distally and externally inserted. Terminal

segment short, with cuticularized ridges and

folds and with very broad distal margin furnish-

ing insertion for 4 elaborately articulated claw-

like elements and 2 large setae. Another larger

seta inserted midway between group of claws

and apical setae. Small seta at external distal

corner. A subapical group of 4 small setae of

diverse lengths. Total elements: 4 claws, 8 setae.

Mouthparts compactly and intricately arranged

in oral area (Fig. 33). Labrum of 2 conspicuous

lobes, overlying entirely blades of mandibles,

and much of distal parts of maxillae.

Mandible (Fig. 34) a flat, unsegmented plate,

with cuticularized anterior and posterior mar-

gins. Appendage terminating in long lashlike

blade with complicated marginal ornamentation.

Two most basal elements of ornamentation flat

platelike structures, compound apically and ar-

ticulating with margin of appendage. Remainder

of ornamentation a long row of graduated den-

ticles, about 15 of them of conspicuous size. On
anterior margin articulated a long lashlike auxil-

iary seta with conspicuous marginal ornamen-

tation. All of outer margin bearing graduated

row of spinules, distal two-thirds of inner mar-

gin with short spinules. Between apical lash and
auxiliary seta a small articulated cuticular piece,

subtriangular in outline.

Maxillule (Fig. 35) of characteristic type for

the genus, an elongate lobe with flaring apex. On
apex a spine and far laterally a seta. A medial

apical indentation setting off a blunt median
subapical lobe. Margins of appendage much
sclerotized. Apical spine subtended by cuticular

spinous processes and spinules.

Maxilla (Fig. 36) with very long diagonal

articulation with body surface, resulting in char-

acteristic basal segment, on which articulates

flattened apical segment, with heavily cuticu-

larized margins. Apex produced in sharp angle

anteriorly with toothlike expansions of cuticle

forming a medial saw-edge. Four large teeth

formed by flangelike protrusions of cuticle. Apex
produced as very small spinelike processes, 1 on

each side of most distal tooth. Inserted at base

of angle of curvature of this segment and lying

on surface, an articulated, short, stout spine.

Maxilliped (Fig. 37) fairly long, a prominent

mouthpart, as seen in general habitus of mouth
area (Fig. 33), but with little development of

segmentation or ornamentation. Three segments

suggested by folds and flexures of integument.

Basal 2 segments not ornamented. Terminal seg-

ment with 2 apical setules.

First legs (Fig. 40) with well-developed

bimerous protopodites, yoked by substantial in-

tercoxal plate. Basal width of basipodite less

than width of distal margin of coxopodite, so

medial seta of coxopodite inserted on free por-

tion of margin. Small spinules forming orna-

ment on lateral distal corner of coxopodite.

Coxopodite seta relatively long, extending me-

dially, and with its length equal to width of

intercoxal plate. Basipodite with lateral seta

proximal to insertion of exopodite and with

dense row of cilia on curving medial margin.

Exopodite, extending directly, without notable

flexure, trimerous. Armature: first segment, 1

lateral spine; second segment, 1 lateral spine, 1

medial seta; third segment, 3 lateral spines, 1

terminal spine, 1 terminal seta, 3 medial setae.

First segment with fine spinules on lateral mar-

gin, dense row of cilia on medial margin. Prox-

imal 5 spines of ramus each outlined with serrate
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hyaline flange. Apical spine with external hy-

aline flange and internal row of cilia. Endopodite

flexed medially and proximally. Armature: first

segment, 1 medial seta; second segment, 1 medial

seta; third segment, 1 lateral spine, set in dis-

tinct emargination, 2 apical setae, 3 medial

setae. Each segment with row of cilia on lateral

margin. Each of 2 basal segments produced at

distal lateral corner as spinous cuticular process.

Spine of terminal segment subtended by such

process, and with outlining hyaline flange. All

setae of leg with plumose ciliation.

Second legs (Fig. 41) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite on

medial free portion of border of segment. Seta

about as long as width of intercoxal plate. A few

spinules at lateral distal corner of coxopodite.

Basipodite with lateral seta, medial margin with

dense row of cilia. Exopodite, extended directly,

without notable flexure, trimerous. Armature:

first segment, 1 lateral spine; second segment,

1 lateral spine, 1 medial seta; third segment, 3

lateral spines, 1 terminal spine, 1 terminal seta,

4 medial setae. First segment with row of fine

spinules on lateral margin, a few cilia on medial

margin. Proximal 5 spines of ramus each out-

lined with serrate, hyaline flange. Apical spine

with external hyaline flange and internal row of

cilia. Endopodite flexed medially and proximally.

Armature: first segment, 1 medial seta; second

segment, 2 medial setae; third segment, 2 lateral

spines, set in steplike emarginations, 1 terminal

spine, 3 medial setae. Each of 2 basal segments

produced at distal lateral corner as spinous cutic-

ular process. Spines of terminal segment sub-

tended by such processes, but these less de-

veloped than those of basal segments. Each seg-

ment with dense row of cilia on lateral margin.

Spines of terminal segment with hyaline flanges.

All setae of leg with plumose ciliation.

Third legs (Fig. 42) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite, about

as long as width of plate, inserted on medial

free portion of distal border of segment. A few

spinules at distal lateral corner of coxopodite.

Basipodite with small lateral seta; medial mar-

gin with dense row of cilia. Exopodite, extended

directly, without notable flexure, trimerous.

Armature: first segment, 1 lateral spine; second

segment, 1 lateral spine, 1 medial seta; third

segment, 3 lateral spines, 1 terminal spine, 1

terminal seta, 4 medial setae. First segment with

row of fine spinules on lateral margin, dense

row of cilia on medial margin. Second segment

with a few cilia on proximal part of medial

margin. Proximal 5 spines of ramus each out-

lined with serrate, hyaline flange. Apical spine

with external hyaline flange and internal row

of cilia. Trimerous endopodite slightly flexed

medially and proximally. Armature: first seg-

ment, 1 medial seta; second segment, 2 medial

setae; third segment, 3 lateral spines, set in step-

like emarginations, 1 terminal spine, 2 medial

setae. Each of 2 basal segments produced at

distal lateral corners as moderately spinous cutic-

ular process. Spines of terminal segment sub-

tended by such processes, but these less de-

veloped than those of basal segments. Each seg-

ment with dense row of cilia on lateral margin.

Spines of terminal segment with hyaline flanges.

All setae of leg with plumose ciliation.

Fourth legs (Fig. 43) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite small,

inserted on somewhat diagonally directed medial

free portion of distal border of segment. A few

spinules at distal lateral corner of coxopodite.

Basipodite with small lateral seta; medial mar-

gin with short, dense row of cilia. Exopodite,

extended directly, without notable flexure, trim-

erous. Armature: first segment, 1 lateral spine;

second segment, 1 lateral spine, 1 medial seta;

third segment, 3 lateral spines, 1 terminal spine,

1 terminal seta, 4 medial setae. First segment

with row of fine spinules on lateral margin,

cilia on medial margin. Proximal 5 spines of

ramus each outlined with serrate, hyaline flange.

Apical spine with external hyaline flange and

internal row of cilia. Trimerous endopodite

with very slight medial flexure. Armature: first

segment, 1 medial seta; second segment, 2 me-

dial setae; third segment, 3 lateral spines set in

steplike emarginations, 1 terminal spine, 1 me-

dial seta. Medial setae of all segments reduced,

that of distal segment very short. Each of basal

2 segments produced moderately at distal lateral

corner as small spinous cuticular process. Spines

of terminal segment subtended by such proc-
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esses, these less well developed than those of

basal segments. Each segment with dense row
of cilia on lateral margin, distal 2 segments with

medial cilia. Spines of terminal segment with

hyaline flanges. All setae of leg with plumose

ciliation.

Fifth legs (Fig. 38) with probably 2 seg-

ments represented, basal consisting only of ex-

pansion on body segment posteriorly and lat-

erally to furnish articulation of distal segment,

but with 1 small seta representing armature.

Second segment elongate, flat, with cuticularized

medial and lateral margins. Length about 4 times

greatest width. Armature 3 spines and 1 seta,

spines about equally spaced on lateral and ter-

minal margins: 1 lateral spine at about distal

three-fourths of lateral margin, 1 lateral spine

at about distal .9 of margin; 1 seta inserted close

to lateral distal spine; 1 apical spine at medial

distal corner. Spines subtended by small groups

of spinules and cuticular spinous processes.

Spinules of apical spine extending briefly on

medial margin to form short row.

Sixth legs probably represented by small

setiferous knob (Fig. 38) in depression at

aperture of oviduct, located dorsally on lateral

expansion of genital segment. Two subequal

setules forming armature.

Caudal ramus (Fig. 39) about 2.6 times as

long as greatest width and nearly as long as

anal segment. Margins with conspicuous artic-

ular development and some surface ornamenta-

tion. Armature consisting of 6 setae. Of apical

quartet of setae, medial of central 2 longest,

about 3.5 times as long as ramus, adjacent seta

2.2 times length of ramus. Medial apical seta

about .73 times as long as ramus; lateral apical

seta about .55 times as long as ramus. Lateral

marginal seta about .5 as long as ramus, inserted

on lateral margin at about distal .6. Dorsal seta

short, not quite as long as width of ramus, in-

serted medially just subapically.

male (Figs. 44-58) : Body length 2.53 mm.,

greatest width 0.94 mm., based on 6 specimens.

Body (Figs. 48, 49) very generalized cyclopoid

in type. Cephalosome bearing first legs, segment

of these appendages strongly indicated by in-

dentations. Metasome of free segments of legs

2 to 4. Segment of leg 4 lacking auxiliary lobe-

like elements seen in female. Urosome of seg-

ments of legs 5, 6, and 4 abdominal segments.

Segments of legs 5 and 6 much coalesced in a

genital complex containing elongate sperma-

tophores. Segment of leg 5 without epimera.

Antennule (Fig. 50) similar in proportions,

segmentation and armature to that of female,

but with dimorphism expressed in more highly

developed aesthetes and greater number of

aesthetes. Segment 2 has 2 conspicuous aesthetes

accompanying basal group of 7 setae and 1

aesthete accompanying terminal group of 8

setae. Segment 4 has conspicuous aesthete ac-

companying 3 setae. In segments 5, 6, 7, aes-

thetes, corresponding to those of the female

are present, but tending to be longer.

Antennae and mouthparts, except maxilliped,

much as in female. Antenna ( Fig. 51); man-

dible (Fig. 52); maxillule (Fig. 53); maxilla

(Fig. 54).

Maxilliped (Fig. 55) highly dimorphic, de-

veloped as massive, complicated appendage,

possibly trimerous. In mouth area, maxilliped

held in characteristic posture. First segment not

as long as second, unornamented. Second seg-

ment somewhat tapered apically, margin medial

in position in normal posture bearing ornamen-

tation serving to act in conjunction with claw-

like terminal segment in prehensile function.

Medial ornamentation consisting of patches of

denticles. In addition, near midpoint of medial

margin a short, stout spine. Terminal segment

forming very complicated region of articula-

tion on apex of second segment, prolonged as

curving claw, longer than second segment. One
seta, accompanied by 1 setule, inserted on ex-

panded region of articulation.

Dimorphism also expressed particularly in

first legs, remaining swimming legs very sim-

ilar to those of female. Protopodites and exop-

odites of first legs (Fig. 44) essentially as in

female. Basal segments of endopodites as in

female, terminal segment of each with 1 lateral

Figs. 40-47: Anthessius lighti, new species. The scales accompanying certain figures represent 0.1 mm.
Female: 40, first leg; 41, second leg; 42, third leg; 43, fourth leg. Male: 44, first leg; 45, second leg; 46,

third leg; 47, fourth leg.
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Figs. 48-58: Anthessius lighti . new species. The scales accompanying certain figures represent 0.1 mm.
Male: 48, habit, dorsal; 49, habit, lateral; 50, antennule; 51, antenna; 52, mandible; 53, maxillule; 54, max-

illa; 55, maxilliped; 56, fifth leg; 57, sixth leg; 58, caudal ramus.

spine, 1 apical spine, 1 apical seta, 3 medial

setae, apical spine representing a seta of the

female appendage. Leg 2 (Fig. 45), leg 3 (Fig.

46), leg 4 (Fig. 47) in general aspect and

ornamentation essentially similar to female.

Fifth leg (Fig. 56) very similar to that of

female in general structure and ornamentation.

Shorter in proportion to width, length equalling

about 3 times greatest width.

Sixth legs (Fig. 57) ventrolateral on genital

segment, involved in very complicated manner

with structure of reproductive opening. Most

obviously representative of appendage a small

prominence bearing 2 setae, the more medial

with an articulating base.

Caudal rami (Fig. 58) with no striking dif-

ferences from those of female.

REMARKS: This species is named for S. F.

Light. The species is distinguished from others

of the genus in the key above. Some of its dis-

tinctive features may turn out to occur in other

species when more anatomical details are known

in the genus. The complement of aesthetes on

the antennule of the male does not occur in

A. nortoni and A. fitchi, also West Coast forms,

but is found in A . arenicolus and A. teissieri

of Europe. The accessory protuberances of the

fourth pedigerous segment have not so far been

reported from any other species.
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Anthessius nortoni, new species

Figs. 59-91

types: Holotypic female, USNM 103304,

allotypic male, USNM 103305, paratypes,

USNM 103306; paratypes in author s collection.

Type locality, San Juan Island, Washington,

from Diadora aspera ( Eschscholtz )

.

SPECIMENS EXAMINED: From D. aspera: Cul-

ver’s Point, San Juan Island, Washington, inter-

tidal, July 5 , 1952, many specimens, females,

males, developmental stages, including holotype,

allotype. Off Reed Rock, San Juan Channel,

Washington, dredged, 92 m., July 2, 1953, many
specimens, females, males, developmental stages.

Salmon Beach, Tacoma Narrows, Washington,

intertidal, May 14, 1953, many specimens, fe-

males, males.

The description below and the illustrations

are based on a number of specimens, some un-

mounted, some whole mounts, some temporarily

mounted dissections, some permanently
mounted dissections. Holotype and allotype are

permanently mounted dissections.

DESCRIPTION: Female (Figs. 59-75): Body

length 1.28 mm., greatest width .63 mm., aver-

ages from 10 specimens. Body (Fig. 59) broad,

of rather generalized cyclopoid contours, with

thoracic and abdominal regionalization fairly

emphatic. Cephalosome a complex bearing ap-

pendages through first swimming legs and com-

prising .34 of total body length, measured from

apex of cephalosome to end of a caudal ramus.

Segment of first legs strongly indicated by in-

dentations and grooves, but mass of segment

firmly coalesced with more anterior mass of

body. Cephalosome and metasome together com-

prising a forebody of almost circular outline.

On anterior margin, apex of head protruded as

slight bulge between bases of widely separated

antennules (Fig. 60). No rostrum, apical ven-

tral region of head a wide flattened expanse

between bases of antennules and antennae.

Metasome including pedigerous segments of

second through fourth legs, with general body

articulation between segments of legs 4 and 5.

Urosome a complex including segment of legs

5, genital segment and 3 additional abdominal

segments, considering element of anal opening

and supporting caudal rami as terminal segment.

Urosome comprising .4 of total body length.

Genital segment expanded laterally, dorsally

with distinctive structures marking apertures of

oviducts and sites of attachment of egg sacks

(Fig. 61). Last abdominal segment with double

row of spinules at midline on anterior ventral

surface and with spinule rows on margins sub-

tending each caudal ramus ( Fig. 62 ) . Egg sack

about .6 as long as body, much exceeding tip

of caudal ramus. Many small eggs in each egg

sack.

Antennule (Fig. 71) essentially 7-segmented,

but with a complicated articulation and integ-

urnental modification between second and third

segments, so as to suggest either coalescence or

incipient separation of an additional minute

segment. Proportional lengths of segments,

basal to distal: Segment I, 1.5; II, 3; HI, 1; IV,

3; V, 2; VI, 1; VII, 1. Setae varying in length;

count per segment: Segment I, 4 setae; II, 7

setae near base of segment, 8 around distal end;

III, 5 setae, 1 belonging to section suggesting a

free segment; IV, 3 setae; V, 4 setae, 1 aesthete;

VI, 2 setae, 1 aesthete; VII, 7 setae and 1 aes-

thete, 4 setae on basal prominence of segment,

3 setae and aesthete apical.

Antenna ( Fig. 63 ) short and stout, with seg-

mental composition much obscured by flexures

involving integumental folds and torsions of

one region of appendage on adjoining regions,

probably essentially 3 -segmented. Basal segment

fairly clear-cut, apical articulation diagonal, 1

short external seta apically. Second segment with

very complicated distal articulation, this proceed-

ing diagonally across appendage; 1 short seta

externally inserted. Terminal segment with cu-

ticularized ridges and folds and with very broad

distal margin furnishing insertion for 4 elab-

orately articulated clawlike elements, varying

much in size, and 2 setae. Another seta near

distal margin. A subapical group of 4 setae of

diverse lengths. Total elements: 4 claws, 7 setae.

Mouthparts compactly and intricately ar-

ranged in oral area (Fig. 64). Labrum of 2

conspicuous lobes, overlying entirely blades of

mandibles, and much of distal parts of maxillae.

Mandible (Fig. 65) a flat plate, with very

cuticularized anterior and posterior margins.

Appendage terminating in long lashlike blade

with complicated marginal ornamentation: Two
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most basal elements of ornamentation flat tooth-

like structures, compound apically and artic-

ulating with margin of appendage; remainder of

ornamentation a long row of graduated denticles,

about 15 of them of conspicuous size. On an-

terior margin articulated a long lashlike auxil-

iary seta with outer margin bearing graduated

row of spinules on proximal third; inner mar-

gin without spinules. Between apical lash and

auxiliary seta a subtriangular cuticular piece,

flat and platelike.

Maxillule (Fig. 66) of characteristic type of

the genus, an elongate plate with lobed apex.

On apex a spine; at midpoint of lateral margin

a seta. An apical indentation setting off a blunt

median subapical lobe. Margins of appendage

much sclerotized. A few spinules on median

lobe and row of graduated spinules subtending

apical spine.

Maxilla ( Fig. 67 ) with very long articulation

with body, resulting in characteristic basal seg-

ment, on which articulates flattened apical seg-

ment, with heavily cuticularized margins. Apex
produced in sharp angle anteriorly with tooth-

like expansions of cuticle forming a medial saw-

edge. Four large teeth formed by flangelike pro-

trusions of cuticle. Inserted at base of angle of

curvature of this segment and lying on surface,

a small, articulated spine.

Maxilliped ( Fig. 68 ) fairly long, a prominent

mouthpart, as seen in general habitus of mouth

area, but with little development of segmenta-

tion or ornamentation. Three segments sug-

gested by folds and flexures of integument. Ter-

minal segment with 2 apical setules. Margins

cuticularized and produced into 2 spinulelike

protrusions.

First legs (Fig. 72) with well-developed

bimerous protopodites, yoked by substantial in-

tercoxal plate. Basal width of basipodite less

than width of distal margin of coxopodite, so

medial seta of coxopodite inserted on free por-

tion of margin. Small spinules forming ornamen-

tation on lateral corner of coxopodite. Coxop-

odite seta very long, extending rather medially

and distally, and with its length more than

width of intercoxal plate. Basipodite with long

lateral seta proximal to insertion of exopodite

and with row of cilia on distal margin. Exop-

odite with slight medial flexure, trimerous.

Armature: first segment, 1 lateral spine; sec-

ond segment, 1 lateral spine, 1 medial seta;

third segment, 3 lateral spines, 1 terminal spine,

1 terminal seta, 3 medial setae. First segment

with large spinules on lateral margin, row of

cilia on medial margin. Proximal 5 spines of

ramus each outlined with serrate hyaline flange.

Apical spine with external hyaline flange and

internal row of cilia. Endopodite flexed medially

and proximally. Armature: first segment, 1 me-

dial seta; second segment, 1 medial seta; third

segment, 1 lateral spine, set in distinct emar-

gination, 1 lateral seta, 1 apical seta, 3 medial

setae. Each of 2 basal segments produced at

distal lateral corner as spinous cuticular process.

Spine of terminal segment subtended by such

process, and with outlining hyaline flange. Each

segment with row of cilia on lateral margin.

All setae of leg with plumose ciliation.

Second legs (Fig. 73) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite on
medial free portion of border of segment. Seta

about as long as width of intercoxal plate. A
row of spinules at distal lateral corner of cox-

opodite. Basipodite with short lateral seta;

terminal margin with rows of cilia. Exopodite

trimerous. Armature: first segment, 1 lateral

spine; second segment, 1 lateral spine, 1 medial

seta; third segment, 3 lateral spines, 1 terminal

spine, 1 terminal seta, 4 medial setae. First seg-

ment with row of stout spinules on lateral mar-

gin, cilia on medial margin. Proximal 5 spines

of ramus each outlined with serrate, hyaline

flange. Apical spine with external hyaline flange

and internal row of cilia. Endopodite flexed

medially and proximally. Armature: first seg-

ment, 1 medial seta; second segment, 2 medial

setae; third segment, 2 lateral spines, set in step-

like emarginations, 1 terminal spine, 3 medial

Figs. 59—70: Anthessius nortoni, new species. The scales accompanying certain figures represent 0.1 mm.
Female: 59, habit, dorsal; 60, ventral apical region of cephalosome; 61, structures at genital aperture; 62,

one side of anal segment showing ornamenting spinules; 63, antenna; 64, oral area; 65, mandible; 66, max-
illule; 67, maxilla; 68, maxilliped; 69, fifth leg; 70, part of anal segment and caudal ramus. Legend: L,

labrum; M, mandible; P, maxilliped; U

,

maxillule; X, maxilla.
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setae. Each of 2 basal segments produced at

distal lateral corner as spinous cuticular process.

Spines of terminal segment subtended by such

processes, but these much less developed than

those of basal segments. Each segment with

dense row of cilia on lateral margin. Spines of

terminal segment with hyaline flanges. All setae

of leg with plumose ciliation.

Third legs (Fig. 74) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite, slightly

longer than width of plate, inserted on medial

free portion of distal border of segment. A few

spinules at distal lateral corner of coxopodite.

Basipodite with lateral seta; terminal margin

with rows of cilia. Exopodite, extended directly,

without notable flexure, trimerous. Armature:

first segment, 1 lateral spine; second segment,

1 lateral spine, 1 medial seta; third segment, 3

lateral spines, 1 terminal spine, 1 terminal

seta, 4 medial setae. First segment with row of

spinules on lateral margin, cilia on medial mar-

gin. Proximal 5 spines of ramus each outlined

with serrate, hyaline flange. Apical spine with

external hyaline flange and internal row of cilia.

Trimerous endopodite flexed medially and prox-

imally. Armature: first segment, 1 medial seta;

second segment, 2 medial setae; third segment,

3 lateral spines, set in steplike emarginations,

1 terminal spine, 2 medial setae. Each of 2

basal segments produced at distal lateral corner

as moderately small, spinous cuticular process.

Spines of terminal segment subtended by such

processes, but these less developed than those of

basal segments. Each segment with dense row

of cilia on lateral margin. Spines of terminal

segment with hyaline flanges. All setae of leg

with plumose ciliation.

Fourth legs (Fig. 75) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Medial seta of coxopodite very

small, inserted on somewhat diagonally directed

medial free portion of distal border of segment.

A few spinules at distal lateral corner of coxo-

podite. Basipodite with small lateral seta, medial

margin with row of cilia. Exopodite, extended

directly, without notable flexure, trimerous.

Armature: first segment, 1 lateral spine; second

segment, 1 lateral spine, 1 medial seta; third seg-

ment, 2 lateral spines, 1 terminal spine, 1 ter-

minal seta, 4 medial setae. First segment with

row of spinules on lateral margin, cilia on medial

margin. Proximal 4 spines of ramus each out-

lined with serrate, hyaline flange. Apical spine

with external hyaline flange and internal row of

cilia. Trimerous endopodite with very slight

flexure. Armature: first segment, 1 medial seta;

second segment, 2 medial setae; third segment,

3 lateral spines set in steplike emarginations, 1

terminal spine, 1 medial seta. Each of basal 2

segments produced moderately at distal lateral

corner as small spinous cuticular process. Each

spine of terminal segment subtended by such

process, these less well developed than those of

basal segments. All segments with dense rows

of cilia on lateral margins. Spines of terminal

segment with hyaline flanges. All setae of leg

with plumose ciliation.

Fifth legs (Fig. 69) with probably 2 seg-

ments represented, basal consisting only of ex-

pansion on body posteriorly and laterally on

segment of legs to furnish articulation of distal

segment, but with 1 small seta representing

armature. Second segment elongate, flattened,

with cuticularized medial and lateral margins.

Shape highly distinctive, basal fourth much con-

stricted, with abrupt flare to level of first spine.

Length about 3.2 times greatest width. Arma-

ture 3 spines and 1 seta, about equally spaced

on lateral and terminal margins: 1 lateral spine

at about distal .7 of lateral margin, 1 lateral

spine at about distal .8 of margin; 1 seta at

lateral distal corner; apical spine at medial dis-

tal comer. Spines subtended by small groups of

spinules. Short row of spinules on distal fourth

of medial margin.

Sixth legs probably represented by small se-

riferous knob (Fig. 61) in depression at aper-

ture of oviduct, located dorsally on lateral

expansion of genital segment. One small setule

forming armature.

Caudal ramus (Fig. 70) about 3 times as long

Figs. 71—79: Anthessius nortoni, new species. The scales accompanying certain figures represent 0.1 mm.
Female: 71, antennule; 72, first leg; 73, second leg; 74, third leg; 75, fourth leg. Male: 76, first leg; 77, sec-

ond leg; 78, third leg; 79, fourth leg.
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as greatest width and 1.2 times as long as anal

segment. Margins with conspicuous cuHular

development. Armature 6 setae. Of apical quartet

of setae, medial of central 2 longest, about 6.3

times as long as ramus, adjacent seta 3-5 times

length of ramus. Medial apical seta about 1.6

times as long as ramus; lateral apical seta about

.8 times as long as ramus. Lateral marginal seta

short, about .7 times as long as ramus, inserted

on lateral margin about at distal .6.
’ Dorsal

medial seta short, about as long as width of

ramus, inserted just subapically.

MALE (Figs. 76-91 )

:

Body length 1.25 mm.,
greatest width .56 mm., averages from 10 speci-

mens. Body (Fig. 80) very similar to that of

female in size and aspect, but approaching a

little more closely to generalized cyclopoid type.

Cephalosome bearing first legs, segment of these

indicated by very slight marginal indentations.

Metasome of free segments of legs 2 to 4. XJro-

some of segments of legs 5, 6, and 4 abdominal

segments, including element bearing anus and

caudal rami. Segments of legs 5 and 6 much
coalesced to form a genital complex, through

which extend elongate spermatophores. Orna-

mentation of anal segment (Fig. 81 ) much as

in female.

Antennule (Fig. 82) similar in proportions,

segmentation and armature to that of female, no

particular dimorphism expressed.

Antennae and mouthparts, except maxilliped

as in female. Antenna (Fig. 83); oral area (Fig.

84); mandible (Fig. 85); maxillule (Fig. 86);

maxilla ( Fig. 87 )

.

Maxilliped (Fig. 88) highly dimorphic, de-

veloped as massive, complicated appendage,

probably trimerous. First segment about as

long as second, with row of fine spinules on dis-

tal margin. Second segment somewhat tapered

apically, margin medial in position of normal

posture of appendage bearing characteristic or-

namentation serving to act in conjunction with

clawlike terminal segment in prehensile func-

tion, this consisting of patches of long denticles.

In addition, near midpoint of medial margin 2

short, stout spines. Terminal segment forming

very complicated region of articulation on apex

of second segment, prolonged as curving claw,

longer than second segment. One seta inserted

on expanded region of articulation with seg-

ment 2.

Dimorphism also expressed particularly in

first and third legs, remaining swimming legs

very similar to those of female. Protopodites and

exopodites of first legs essentially as in female.

Basal segments of endopodites as in female, ter-

minal segment of each with lateral spine, 1

apical spine, 1 apical seta, 3 medial setae, very

long apical spine representing a seta of female

appendage (Fig. 76). Leg 2 (Fig. 77) in gen-

eral aspect and ornamentation essentially similar

to that of female. Leg 3 (Fig. 78) showing

slight dimorphism in that most proximal lateral

spine of terminal segment of endopodite has

characteristic shape, a basal knob, angled posture,

and lacks outlining hyaline flange of other spines

of rami. Leg 4 (Fig. 78) as in female.

Fifth leg (Fig. 89) very similar to that of

female in general structure. Length about 3 times

greatest width. Accessory ornamentation of spin-

ules more highly developed than in female.

Sixth legs (Fig. 90) ventrolateral on genital

segment, involved in very complicated manner
with structure of reproductive opening. Most

obviously representative of appendage a small

prominence bearing 2 unequal setae, the more

medial with a well-developed articulating base.

Caudal rami (Fig. 91) very similar to those

of female.

REMARKS: This form is named for John R.

Norton. The species occurs very commonly in

association with its typical host in Washington

Sound, Puget Sound, and also on the outer rocky

ocean coast of Washington, in the Cape Flattery

Region, The usual infestation consists of fair

numbers of the copepod, ranging to several

dozen. They wander freely in the rather capa-

cious respiratory cavity of the host, sometimes

emerging from the dorsal aperture or moving

over the foot and other fleshy parts. They are

FIGS. 80—91 : Anthessim nortoni, new species. The scales accompanying certain figures represent 0.1 mm.
Male: 80 ,

habit, dorsal; 81 ,
anal segment; 82

,
antennule; 83 ,

antenna; 84
,
oral area; 85 ,

mandible; 86 ,
max-

illule; 87 ,
maxilla; 88 ,

maxilliped; 89, fifth leg; 90, sixth leg; 91
,
part of anal segment and caudal ramus.

Legend: L, labrum; M, mandible; U, maxillule; X, maxilla.
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usually readily detected if the host is held in sea

water for observation. There has been no inter-

action so far detected between the copepod and

the other extremely commonly occurring asso-

ciate of D. aspera, the polynoid worm Arctonoe

vittata ( Grube ) . The large limpets of the genus

Acmaea
x
living in the same environment as the

host, sometimes will be found to have a speci-

men of A. nortoni in the respiratory cavity, but

I feel that present evidence does not justify

considering this as a regularly occurring associa-

tion. The typical host should be further explored

for this associate over its considerable range;

I suspect the copepod will be found to have a

wide distribution. This is one of the very small

species of Anthessius, and in many regards it

shows resemblance to the common European

A. arenicolus and A. teissieri . However, it is

distinctive anatomically, as expressed in part in

the key to species above. It is the first member
of the genus so far reported in association with

an aspidobranch gastropod.

Anthessius fitchi, new species

Figs. 92-125

TYPES: Holotypic female, USNM 103301, al-

lotypic male, USNM 103302, paratypes, USNM
103303; paratypes in author’s collection. Type

locality, Carpinteria, California, from Chaceia

ovoidea (Gould).

SPECIMENS EXAMINED: From C. ovoidea:

Carpinteria, California, November 11, 1954, J. E.

Fitch, many specimens, females, males, including

holotype and allotype.

Carpinteria, California, January 1, 1956, J. E.

Fitch, 50 + specimens.

From Zirfaea pilsbryi Lowe: Fossil Point,

Coos Bay, Oregon, July 23, 1959, 1 $ .

The description below and the illustrations

are based on a number of specimens, some un-

mounted, some whole mounts, some temporarily

mounted dissections, some permanently mounted

dissections. Holotype and allotype are perma-

nently mounted dissections.

DESCRIPTION: Female (Figs. 92-102, 104-

110): Body length 5.8 mm. (5.6-6.1), greatest-

width 2.1 mm. (2.0-2.3), based on 10 speci-

mens. Body ( Fig. 92 ) of this gigantic species

of most distinctive habitus, retaining only gen-

eral overall cyclopoid contours. Salient charac-

teristics of habitus consist in much expanded

outline of cephalosome, elongate antennules,

much expanded lateral winglike epimera of

thoracic segments, lateral expansions of genital

segment, elongate and distally widened anal

segment, and elongate, flattened and widened

caudal rami. Not continuously present on adults,

but of such distinctive nature as to contrib-

ute to definite aspect of characteristic habitus,

elongate stringlike egg sacks and persistently

attached stalked spermatophores. Cephalosome

a fused complex bearing appendages through

first swimming legs without any demarcation of

segment of these latter. Cephalosome compris-

ing .25 of total body length. Apically a slight

protrusion between bases of antennules. Ven-

trally, area between antennular bases somewhat

bulged and outlined by cuticular thickenings,

but not developed as a proper rostrum ( see Fig.

117 for this feature in male). Metasome of 3

pedigerous segments, each with widely flaring

lateral winglike epimera, those of first meta-

somal segment much the widest, those of next 2

segments successively diminishing. Urosome a

complex including segment of legs 5, genital

segment and 3 additional abdominal segments,

considering element bearing anal opening and

caudal rami as terminal segment. Urosome com-

prising .55 of total body length. Segment of

fifth legs (Fig. 102) lacking epimera, but with

lateral expansions of entire mass of segment.

Anterior and posterior margins of segment of

about same width, greatest lateral extent about

2.33 times width of anterior margin. Each lateral

protrusion also somewhat inflated, with resultant

structures extending almost to center of seg-

ment. Fifth legs inserted apically on each ex-

pansion. Genital segment also of very distinctive

outline, with two widely extending lateral ex-

FlGS. 92—103: Anthessius fitchi, new species. The scales accompanying certain figures represent 0.1 mm.
Female: 92, habit, dorsal; 93, antennule; 94, antenna; 95, oral area; 96, labrum and supporting structure of

oral area with appendages removed; 97, mandible; 98, maxillule; 99, maxilla; 100, maxilliped; 101, apex of

maxilliped; 102, segment of fifth legs, dorsal. Male: 103, habit, dorsal. Legend: L. labrum; M

,

mandible; P ,

maxilliped; U, maxillule; X. maxilla.
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pansions. Anterior and posterior margins of

segment about equal width, greatest lateral ex-

tent over 3 times width of anterior margin.

Median mass of segment not notably intruded

on by reproductive structures, these occupying

most of each strong lateral protrusion. Dor-

sally on each lateral process 1 or 2 spermato-

phores usually seen in persistent attachment.

Each spermatophore elongate, ovoid, length

about 3 times greatest width, with gradual taper

to apical filiform attachment stalk, about .3 times

as long as spermatophore proper.

Elongate egg sacks, about .73 as long as the

body and with width only .05 length, hence of

pronounced filiform aspect, attaching near pos-

terior margin of each process of genital segment.

In remainder of urosome anterior 2 of 3 ab-

dominal segments subequal, much smaller than

anal segment. Latter almost 2 times as long as

next anterior and with distinctive flaring out-

line, greatest width, just subterminal, 1.5 times

width of anterior margin of segment.

Antennule ( Fig. 93 ) long, somewhat flat-

tened, 7-segmented, fifth segment with notable

expansion of outline. Approximate proportional

lengths of segments, basal to distal: Segment I,

2.5; II, 4; III, 1; IV, 3.3; V, 2.7; VI, 1.7; VII,

1.4. Setae varying in length. Count of setae, per

segment: Segment I, 4 setae; II, 7 setae near

base of segment, 8 around distal end; III, 5 setae;

IV, 3 setae; V, 4 setae, 1 aesthete; VI, 2 setae,

1 aesthete; VII, 6 setae, 3 on basal prominence of

segment, 3 setae and 1 aesthete apical.

Antenna (Fig. 94) with segmental composi-

tion much obscured by flexures, involving in-

tegumental folds, and torsions of regions of

appendage, probably essentially 3 segments.

Basal segment not clearly defined, apical articu-

lation incomplete, 1 short external seta apically.

Second segment with very complicated distal

articulation, this proceeding diagonally across

appendage; 1 short seta on external margin.

Terminal segment with cuticularized ridges and

folds and with very broad distal margin furnish-

ing insertion for 4 elaborately articulated claw-

like elements and 2 setae. Another seta near

distal margin. A subapical group of 4 setae of

diverse lengths. Total elements: 4 claws, 7 setae.

Mouthparts compactly and intricately ar-

ranged in oral area (Fig. 95). Labrum with 2

lobes, overlying blades of mandibles. Basal struc-

tures of labrum complex, associated with other

sclerotized pieces located postorally, to form an

intricate mouth apparatus (Fig. 96).

Mandible (Fig. 97) a flat plate, with very

cuticularized anterior and posterior margins. Ap-

pendage terminating in long lashlike blade with

complicated marginal ornamentation. Most basal

elements of ornamentation flat platelike struc-

tures articulating with margin of appendage.

Remainder of ornamentation a long graduated

row of denticles. On anterior margin of man-

dible articulated a long lashlike auxiliary seta

with conspicuous marginal cuticularization. Basal

two-thirds of outer margin bearing graduated

row of spinules. Between apical lash and auxil-

iary seta a flat cuticular piece with indented

distal margin, forming an outer lobe with acumi-

nate apex and an inner lobe with rounded ter-

minal outline.

Maxillule ( Fig. 98 ) of characteristic type for

genus, an elongate lobe with flaring apex. On
apex a more medial spine and very long lateral

seta. A medial apical indentation setting off a

blunt medial subapical lobe. Margins of ap-

pendage much sclerotized, produced into spine-

like cuticular processes apically and on medial

lobe.

Maxilla (Fig. 99) with very long articulation

with body, resulting in characteristic basal seg-

ment, on which articulates flattened apical seg-

ment, with heavily cuticularized margins. Apex
produced in sharp angle anteriorly with tooth-

like expansions of marginal cuticle forming a

medial saw-edge. Five to 7 large teeth formed

by flangelike protrusions of cuticle. Apex pro-

duced as more elongate spinelike process. In-

serted at base of angle of curvature of this

segment and lying on surface, a stout, short

articulated spine.

Figs. 104—116: Anthessius fitchi, new species. The scales accompanying certain figures represent 0.1 mm.
Female: 104, first leg; 105, second leg; 106, third leg; 107, fourth leg; 108, fifth leg; 109, sixth leg; 110,

caudal ramus. Male: 111, first leg; 112, second leg; 113, third leg; 114, fourth leg; 115, fifth leg; 116,

caudal ramus.
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Maxilliped (Fig. 100) fairly long, a promi-

nent mouthpart, as seen in general habitus of

mouth area, but with little development of seg-

mentation or ornamentation. Three segments

suggested by folds and flexures of integument.

Basal segment fairly well defined, unornamented.

Second segment ornamented with 1 marginal

setule and an arching row of spinules. Terminal

segment with 2 apical setules and an interrupted

row of spinules on the surface (Fig. 101 ) . Mar-

gin cuticularized and produced into 2 or more

spinulelike protrusions.

Legs 1 to 4 very characteristic for the species

and unlike those of any other form so far de-

scribed in the genus in marked flattening and

exaggerated development of terminal segments

of rami as broad laminae. Armature and orna-

mentation essentially identical with that of other

species. A peculiar type of cuticular ornament

distributed over various body elements, seem-

ingly highly distinctive for the species. Each

element of this ornamentation apparently a

small cylinder with flat end, the whole of fairly

soft consistency and protruding like a tube from

surface of body. A large number of these over

ventral surfaces of wide epimeral expansions of

cephalosome, a few on each epimeron of rneta-

somal segments, a few on each basipodite, some

on terminal segment of each ramus of each leg,

some on fifth leg, fairly large numbers forming

rows down middle of surface of each caudal

ramus.

First legs (Fig. 104) with well-developed

bimerous protopodites, yoked by substantial

intercoxal plate. Basipodite laterally offset on

coxopodite, so medial seta of coxopodite in-

serted on free portion of terminal margin.

Coxopodite seta extending rather more medially

than distally, and with its length slightly less

than width of intercoxal plate. Distal lateral

corner of coxopodite with row of spinules.

Basipodite with small lateral seta proximal to

insertion of exopodite and with short rows of

cilia on distal margin. Exopodite trimerous;

armature: first segment, 1 lateral spine; second

segment, 1 lateral spine, 1 medial seta; third

segment, 3 lateral spines, 1 terminal spine, 1

terminal seta, 3 medial setae. First segment with

fine spinules on lateral margin and row of cilia

on medial margin. Proximal 5 spines of ramus

each outlined with serrate hyaline flange. Apical

spine with external entire hyaline flange and
internal row of cilia. Endopodite flexed me-
dially and proximally, trimerous. Armature: first

segment, 1 medial seta; second segment, 1 me-
dial seta; third segment, 1 lateral spine, set in

slight emargination, 2 apical setae, 3 medial

setae. Three most distal setae reduced in length.

Each of basal 2 segments of ramus produced at

distal lateral corner as spinous cuticular process.

Spine of terminal segment subtended by minute
spinous process, and with outlining hyaline

flange. Each segment with row of cilia on lateral

margin. All setae of leg with plumose ciliation.

Second legs (Fig. 105) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. A row of spinules at distal lateral

corner of coxopodite. Medial seta of coxopodite

on medial free portion of border of segment.

Seta about as long as width of intercoxal plate.

Basipodite with long lateral seta; terminal mar-

gin with rows of cilia. Exopodite, flexed and at

angle to protopodite, trimerous. Armature: first

segment, 1 lateral spine; second segment, 1 lat-

eral spine, 1 medial seta; third segment, 3 lateral

spines, 1 terminal spine, 1 terminal seta, 4 me-

dial setae. First segment with row of fine spin-

ules on lateral margin, cilia on medial margin.

Proximal 5 spines of ramus each outlined with

serrate, hyaline flange. Apical spine with apical

hyaline flange and internal row of cilia. Endop-

odite flexed medially and proximally, trimerous.

Armature: first segment, 1 medial seta; second

segment, 2 medial setae; third segment, 2 lateral

spines, set in slight emarginations, 1 terminal

spine, 3 medial setae. Setae of terminal segment

progressively reduced. Each of 2 basal segments

produced at distal lateral corner as spinous cutic-

ular process. Basal spine of terminal segment

subtended by such process, but this much less

developed than those of basal segments. Each

segment with row of cilia on lateral margin.

Spines of terminal segment with hyaline flanges.

All setae of leg with plumose ciliation.

Third legs (Fig. 106) with well-developed

bimerous protopodites yoked by substantial in-

tercoxal plate. Small medial seta of coxopodite

inserted on medial free portion of distal border

of segment. A few spinules at distal lateral cor-

ner of coxopodite. Basipodite with lateral seta;
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FIGS. 117—125: Antbessius jitchi, new species. The scales accompanying certain figures represent 0.1 mm.
Male: 117, ventral view of mid-region of cephalosome; 118, antennule; 119, antenna; 120, mandible; 121,

maxillule; 122, maxilla; 123, maxilliped; 124, sixth leg and reproductive aperture; 125, setae of sixth leg.

Legend: A, antennule; A2, antenna; L, labrum; LI, base of first leg; M, mandible; P, maxilliped; X, maxilla.

terminal and medial margins with rows of cilia.

Exopodite, with medially curving flexure, trim-

erous. Armature: first segment, 1 lateral spine;

second segment, 1 lateral spine, 1 medial seta;

third segment, 3 lateral spines, 1 terminal spine,

1 terminal seta, 4 medial setae. First segment

with row of fine spinules on lateral margin, cilia

on medial margin. Proximal 5 spines of ramus

each outlined with serrate, hyaline flange. Apical

spine with apical hyaline flange and internal

row of cilia. Trimerous endopodite slightly

flexed medially and proximally. Armature: first

segment, 1 medial seta; second segment, 2 me-

dial setae; third segment, 3 lateral spines, set

in slight emarginations, 1 terminal spine, 2 me-

dial setae. Setae of terminal segment reduced.

Each of 2 basal segments produced at distal

lateral corner as moderately small spinous cutic-

ular process. Basal spine of terminal segment

subtended by such process, but less developed

than those of basal segments. Each segment with

row of cilia on lateral margin. Spines of ter-

minal segment with hyaline flanges, apical spine

with flange only on distal lateral margin. All

setae of leg with plumose ciliation.

Fourth legs (Fig. 107) with well-developed

bimerous protopod ites yoked by widely extend-

ing, short proximal to distal, intercoxal plate.

Medial seta of coxopodite very small, inserted

on medial free portion of distal border of seg-



370 PACIFIC SCIENCE, Vol. XIV, October I960

meat. A few spinules at distal lateral corner of

coxopodite. Basipodite with lateral seta. Exopo-

dite with slight flexure, trimerous. Armature':

first segment, 1 lateral spine; second segment,

1 lateral spine, 1 medial seta; third segment, 3

lateral spines, 1 terminal spine, 1 terminal seta,

4 medial setae. First segment with row of fine

spinules on lateral margin, cilia on medial mar-

gin. Proximal 5 spines of ramus each outlined

with serrate, hyaline flange. Apical spine with

apical flange and internal row of cilia. Trim-

erous endopodite with medial flexure. Arma-

ture: first segment, 1 medial seta; second seg-

ment, 2 medial setae; third segment, 3 lateral

spines set in emarginations, 1 terminal spine,

1 medial seta. Medial setae of all segments re-

duced, that of distal segment very short. Each

of basal 2 segments produced moderately at dis-

tal lateral corner as small spinous cuticular proc-

ess. Each spine of terminal segment subtended

by such process, these less well-developed than

those of basal segment. Each segment with row

of cilia on lateral margin. Spines of terminal

segment with hyaline flanges. All setae of leg

with plumose ciliation.

Fifth legs (Fig. 108) with probably 2 seg-

ments represented, basal involved in expansion

on segment of body posteriorly and laterally to

furnish articulation for distal segment, with 1

small seta representing armature. Second seg-

ment elongate, very -wide, flattened, with cutic-

ularized medial and lateral margins. Length

about 2 times greatest width. Armature 3 spines

and 1 seta, spines about equally spaced on lat-

eral and terminal margins: 1 lateral spine at

about distal half of lateral margin, 1 lateral

spine at about distal .9 of margin; apical spine

at medial distal corner. Short, slender seta be-

tween terminal 2 spines, somewhat closer to

apical spine. Spines subtended by small groups

of spinules. A row of spinules on proximal third

of medial margin and a row on most of lateral

margin. Several short rows of spinules forming

dense patch at apical medial corner.

Sixth legs probably represented by setiferous

curving process (Fig. 109) at aperture of ovi-

duct, located dorsally on lateral expansion of

genital segment. Armature 1 relatively well-

developed seta and 1 short, tapered, stout spin-

ule.

Caudal ramus about 4.5 times as long as

greatest width and about 2 times as long as anal

segment. Shape most characteristic, a flat lamina

expanding to greatest width at about proximal

third, gradually tapering to apex, which is half

as wide as greatest width. Margins with conspic-

uous cuticular development. Armature 6 setae

(Fig. 110). Of apical quartet of setae, medial

of central 2 longest, about .8 times as long as

ramus, adjacent seta about .4 times length of

ramus. Medial apical seta about .16 times as

long as ramus; lateral apical seta about .16 times

as long as ramus. Lateral marginal seta short,

about .7 times as long as ramus, inserted slightly

proximal to midpoint of lateral margin. Dorsal

medial seta short, slender, about .1 times length

of ramus, inserted subapically, at about distal

.9 of ramus. Length of caudal ramus 1.1 mm.
( 1.0-1. 1) and greatest width .23 mm. (.20-

.25), averages for 10 specimens.

male (Figs. 103, 111-125): Body length

6.0 mm. (5.6-6.2), greatest width 2.1 mm.
( 1.9-2.3 ), averages from 10 specimens. Body

shape (Fig. 103) of same distinctive form as

that of female, slightly larger overall, with

larger fifth legs and larger caudal rami. Ceph-

alosome equivalently expanded in outline, with-

out superficial indication of included segment

of first legs. Antennules elongated and flattened.

Cephalosome much the widest body region. Ven-

trally at apex a bulgelike protrusion (Fig. 117),

not an actual rostrum. Three segments of meta-

some each with distinctive expanded lateral

epimera, as in female. Urosome 6-segmented,

very characteristic in structure, by enormous

size of fifth legs, uniquely developed anal seg-

ment and caudal rami. Segments of legs 5 and

6 much coalesced in a genital complex contain-

ing elongate paired spermatophores. Segment

of leg 5 widest segment of urosome, fifth legs

borne far laterally and each lying along and

parallel with margin of next posterior segments.

Fifth leg reaching to middle of third urosomal

segment. Segment of leg 6 longest segment of

urosome, with some lateral expansion, this in-

volving only very gradual taper from anterior

margin of segment. Anal segment, as in female,

with flaring outline, and supporting enormous,

elongate, flattened caudal rami.

Antennule (Fig. 118) markedly similar in



Anthessius—Illg 371

proportions, segmentation and armature to that

of female, all elements seeming to correspond

in the two sexes. Antennae (Fig. 119) also

like those of female.

Oral area (Fig. 117) with characteristic as-

pect, only differing from that of female because

of great development of dimorphic maxillipeds,

these appearing as most conspicuous element

in complex of mouthparts.

Mandible (Fig. 120) essentially as in female,

some minute differences in details of ornament,

possibly as much expression of individual dif-

ference as of dimorphism. Maxillule (Fig. 121)

almost exactly as in female. Maxilla (Fig. 122)

as in female.

Maxilliped (Fig. 123) highly dimorphic, de-

veloped as massive, complicated appendage, ap-

parently 3 -segmented. First segment not as long

as second, about .75 as long, unornamented, ex-

cept for distal lateral clump of spinules. Second

segment somewhat tapered apically, margin me-

dial in position in normal posture of appendage

bearing characteristic ornamentation serving to

act in conjunction with clawlike terminal seg-

ment in prehensile function. Medial ornamenta-

tion consisting of dense patches of denticles.

In addition, near midpoint of medial margin

a short, stout spine and another spine at same

level on inner surface of segment. Terminal

segment forming very complicated region of

articulation on apex of second segment, pro-

longed as curving claw, slightly longer than sec-

ond segment. One long seta, accompanied by 1

setule, inserted on expanded region of articula-

tion with segment 2.

Dimorphism expressed also in first legs, re-

maining swimming legs very similar to those of

female. Protopodites and exopodites of first legs

( Fig. Ill) essentially as in female. Basal seg-

ments of endopodites as in female, terminal seg-

ment of each with lateral spine, 1 apical spine,

1 apical seta, 3 medial setae, the apical spine

representing a seta of female appendage. Leg

2 (Fig. 112), leg 3 (Fig. 113), leg 4 (Fig.

114) in general aspect and ornamentation es-

sentially similar to those of female.

Fifth legs (Fig. 115) only resembling those

of female in general structure and ornamenta-

tion, but of different outline and proportionately

much longer. Length equaling about 3 times

greatest width. Distal spines and seta much more
widely spaced than in female. Marginal orna-

mentation of spinules less developed than in

female.

Sixth legs (Fig. 124) ventrolateral on genital

segment, involved in very complicated manner
with structure of reproductive opening. Most
obviously representative of appendage a small

prominence bearing 2 setae (Fig. 125), the

more medial with well-developed articulating

base.

Caudal rami similar in outline and general

features to those of female, armature (Fig. 116)

also corresponding, but rami of greater overall

size and proportionately slightly wider in male.

Length 1.3 mm. (1.2-1.4), greatest width .3

mm. (.295-305), averages from 10 specimens.

REMARKS: The species is named for John E.

Fitch. This gigantic copepod is by far the most

distinctive form in the genus and stands much
separated from all other species by the elaborate

development of the body processes and the form

of most appendages. Perhaps its unique habitus

deserves greater taxonomic emphasis than spe-

cific designation, but I cannot see any addi-

tional information to be provided by the desig-

nation of a monotypic taxon for this form. Ex-

cept for absolute size, the antennae and mouth-

parts are very consistent with those of other

species. In the other appendages the numerical

complement of segments and elements of arma-

ture are entirely the same as for other species,

but in outlines and dimensions the structure re-

mains unique. The typical host is a giant pid-

dock, boring burrows in substantial rock. The

copepods occur over the general body surface

of the host and in its burrows, according to the

collector. The distribution of this host is ap-

parently a limited one. An indication of broader

distribution of the copepod exists in the single

specimen, collected in Oregon, 1959, from

Zirjaea, a large boring mollusk, closely related

to Chaceia.

SUMMARY: Five species of Anthessius are

described in detail, two of these, A. haivaiiensis

(Wilson) and A. navanacis (Wilson), being

redescribed from type material. These occur in

Hawaii and Southern California, respectively.

New species described are A. lighti and A. fitchi
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from California and A. nortoni from Washing-

ton. Hosts for these species are a nudibranch,

Pleurobranchus, for A. hawaiiensis, tectibranchs,

Navanax and Aplysia, for A. navanacis and A.

lighti, a pelecypod, Chaceia for A. fitchi, and an

aspidobranch gastropod Diadora for A. nortoni .

These findings, added to previous records, in-

crease the impression that the genus is com-

posed of species characteristically associated

with a variety of molluscan hosts.
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Hawaiian Lava-Flow Fishes, Part IV

Snyderidia canina Gilbert, with Notes on the

Osteology of Ophidioid Families 1

William A. Gosline2

Although the genus Snyderidia is well

marked and well described, it has been assigned

at one time or another to four different families.

In the attempt to determine the proper family

allocation of this genus, it has been necessary

to reinvestigate the nature of the families of the

suborder Ophidioidea to which it belongs.

The history of Snyderidia is as follows. The

genus and species ( Snyderidia canina ) were

described by Gilbert (1905: 654, 655) from a

single specimen 309 mm. in length taken off

Kauai of the Hawaiian Islands at a depth of

385-500 fathoms. Another specimen 122 mm.
in length was taken by Gosline, Hayes, and

Keen from among the fishes killed by the lava

flow off Hawaii on June 6, 1950. 3 Gilbert’s

original description is excellent and applies well

to the lava flow specimen. Indeed there is noth-

ing worth adding, so far as external features are

concerned. Parr (1933: 49), because of the

squamation in Brotulotaenia

,

has suggested that

small, embedded scales might be present in

Snyderidia, but Gilbert is correct in stating that

scales in the latter genus are absent.

Snyderidia was placed by Gilbert in the Lyco-

dapidae, a family hitherto represented by the

single genus Lycodapus from the west coast of

North America. However, Regan places Lyco-

dapus in the blennioid family Zoarcidae ( 1912:

276) with the statement:

Lycodapus, Gilbert, includes small deep-sea

fishes of the North Pacific, and has been made

1 Contribution No. 135, Hawaii Marine Laboratory.

Previous papers on these same collections of fishes

were: I, The Origin and Nature of the Collections;

II, Brotulidae; and III, Sternoptychidae. All of these

previous sections were published in this journal.
2 Department of Zoology, University of Hawaii.

Manuscript received April 29, 1958.
3 A third specimen of this species is mentioned by

Radcliffe (1913: 176), but he does not state where it

was taken. Schultz and Kanazawa (in lift.) provide the

information that this third specimen is USNM 99230,

collected in the Philippines.

the type of a distinct family and placed near

the Fierasferidae [Carapidae] . But the head and

mouth recall those of Lycodopsis or Bothrocara,

the gill-membranes join the isthmus between
the rami of the lower jaw (at least in L. fieras-

fer), and the dorsal and anal rays correspond

in number to the myotomes.

C. L. Hubbs ( in litt.) concurs with Regan’s

placement of Lycodapus in the Zoarcidae. On
the basis of these allocations I will assume that

Lycodapus is a blennioid fish and dismiss it from

further consideration. Inasmuch as the several

dorsal and anal rays per vertebra indicate im-

mediately that Snyderidia is not a blennioid,

it cannot be placed in the same family with

Lycodapus.

Smith and Radcliffe (in Radcliffe, 1913:

175 ) described Pyramodon, a genus very similar

in appearance to Snyderidia, and placed both

genera in the Carapidae.

However, Regan (1914: 20) included these

genera in the Brotulidae with the following

explanation:

In many respects these two genera seem to

connect the Brotulidae with the Fierasferidae,

but I have ascertained that Pyramodon agrees

with the Brotulidae in the structure of the upper

surface of the skull, the supraoccipital separat-

ing the rather small parietals.

Smith (1955: 546) tentatively assigns Sny-

deridia to his family Pyramodontidae, which is

distinguished as follows:

I. Parietals small, separated by supraoccipital.

Maxilla well expanded posteriorly. Usually

pyloric caeca. Pelvics usually present. Pec-

torals normally with more than 20 rays.

A. Dorsal origin well in advance of anal

origin and vent, the latter behind

pectoral origin. Scales usually present.

Dentition feeble. Spines on opercular

bones usually present. Preopercle mar-

gin usually free Brotulidae

373
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B. Dorsal origin opposite anal origin and

vent, all far forward, at level of or not far

behind pectoral origin. No scales. Denti-

tion powerful, large canines. No opercu-

lar armature. Hind preopercle margin

entirely below skin Pyramodontidae

II. Parietals moderate, meet on midline. Max-
illa not or barely expanded posteriorly.

Pelvics absent. Scales absent. Vent and anal

origin usually anterior to dorsal origin.

Pectorals with less than 20 rays Carapidae

Arnold’s (1956) revision of the Carapidae

contains no mention of either Snyderidia or

Pyramodon.

In sum then, Snyderidia has been placed in

the Lycodapidae, Carapidae, Brotulidae, and ten-

tatively in the Pyramodontidae. As the first of

these allocations is almost certainly erroneous,

the problem that remains is to determine the

relationship of Snyderidia to other ophidioid

groups.

Aside from Smith’s recent erection of the

Pyramodontidae and the synonymizing of the

Disparichthyidae with the Carapidae (see de

Beaufort, 1951: 449; Arnold, 1956: 260, 261),

the classification of the ophidioid fishes stems

directly from Regan (1912). Three ophidioid

families, distinguished by the characters listed

in Table 1, were there recognized. So far as can

be determined from Regan’s paper, the internal

features recorded are based on skeletons of a

single species from each family: "Brotula ja-

yakari” of the Brotulidae, "Genypterus blacodes”

of the Ophidiidae, and "Fierasfer acus” of the

Carapidae.

If these were small and uniform families one

might allocate Snyderidia by simple reference to

Table 1. However, the possibility of both in-

ternal and external diversity exists in all three

and has been abundantly verified in the Brotuli-

dae (cf. Norman, 1939: 83, 84; Gosline, 1953:

220-225). In view of this, it seems advisable to

use a much broader base than Regan’s for the

establishment of family definitions among the

ophidioid fishes. Unfortunately such a base is

only partly available.

So far as the external features generally used

are concerned, some members of the tremendous

family Brotulidae nearly overlap the Ophidiidae,

whereas others grade almost imperceptibly by

way of Smith’s Pyramodontidae into the Cara-

pidae. Whether external characters exist in these

families that would provide better definitions

remains unknown to this author, for only a few

forms are available for examination.

The present paper therefore will be con-

cerned primarily with osteological features. Skel-

etons that have been used here are those of

Microbrotula, Dinematichthys, and Brotula pre-

viously prepared (Gosline, 1953 ) ,
of Snyderidia,

and of a specimen of (presumably) Otophidium4

(without data) received from the U. S. National

Museum. The following literature on inter-

nal features has also been referred to: Emery

(1880), Regan (1912), and Arnold (1956).

Cranium

:

Unlike the other crania at hand, that

of Snyderidia is thin walled and rather fragile.

The sutures in many instances—e.g., on the back

of the skull, between the lower portion of the

sphenotic and pterotic, and in the alisphenoid

area—are difficult to make out, and in Fig. la

and b some of these have been drawn with con-

siderable misgiving.

Regan (1912) made use of three cranial

characters in separating the Brotulidae from the

Carapidae (Table 1, nos. 6-8). Two of these

concern the development of the supraoccipital.

According to Regan (1912) the parietals are

4
In view of the varied interpretations of ophidiid

genera (cf. Harry, 1951; Norman, ms., 1957) it seems

advisable to give a brief description of the specimen

skeletonized.

Total length 185 mm. Pelvics inserted about below

the anterior border of the pupil, the outer filaments a

little over twice as long as the inner. Gill membranes

attached to the isthmus below rear border of eye. Four

developed gill rakers. Pseudobranch consisting of

about five short filaments. Head scaleless. No spine on

snout tip. Opercle ending in a strong, concealed, little

flattened spine. Anterior nostril on snout rim; poste-

rior about midway between snout rim and anterior

border of eye. Teeth many-rowed on jaws, vomer, and

palatines, the rows tapering in width from front to

rear. Outer jaw teeth rather long, curved, and sharply

conical; inner similar but smaller, straighter, and

blunter. Preorbital not differing greatly from sub-

orbitals.

Scales on body rectangular, not embedded and not

overlapping, the long axes of adjacent scales fre-

quently at right angles to one another. Dorsal and

anal rays covered with flesh, dark edged posteriorly

and around tail. Air bladder short, terminating rather

abruptly posteriorly, with a hole in its posteroventral

face.
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TABLE 1

Differences Between Ophidioid Families Noted by Regan ( 1912 : 277-280 )

BROTULIDAE OPHIDIIDAE

1. Pelvic fins, when present, jugular

2. Vent remote from head

3. Gill openings wide, with gill

membranes separate and free

from isthmus (except in Derma-
topsis)

4. Mouth protractile

5 . Pterygoid and mesopterygoid sep-

arate

6. Parietals separated by supraocci-

pital

7. Supraoccipital forms, with exoc-

cipitals, a strong median crest

which does not project above

upper surface of skull

8. Opisthotic is not enlarged,

though basioccipital and prootic

form a rather prominent auditory

bulla

9. Lower fork of posttemporal is

directly attached to opisthotic

10. Coracoid and scapula are sepa-

rated by cartilage

11. Cleithra normal

12.

Vertebrae (in Brotula multibar-

bata) 15 + 40

13. First 5 vertebrae with sessile ribs,

3rd and 4th pairs being ex-

panded

14. Strong transverse processes on
vertebrae 6-15

Pelvic fins inserted between rami of

lower jaw

Gill membranes attached to isthmus

behind pelvics

Pterygoid and mesopterygoid anky-

losed

Lower fork of posttemporal is

shortened and attached to opis-

thotic by ligament

Coracoid and scapula are in contact

Cleithra prolonged within isthmus

as a pair of slender processes,

with pelvic bones attached to

their extremities

Vertebrae (in Genypterus blacodes

)

20 + 52

First 5 vertebrae with sessile ribs,

but only 3rd expanded

Parapophyses on vertebrae 6-11 are

strong and broad, much as in

Merluccius; rest are normal

CARAPIDAE

Pelvics absent

Vent placed at throat

Mouth nonprotractile

Parietals meet above supraoccipital

Occipital crest is weak, and exocci-

pitals do not take part in its for-

mation

Enlarged opisthotic reaches basioc-

cipital, sharing with that bone

and prootic in formation of audi-

tory bulla

Lower fork of posttemporal is re-

duced to a little knob

Coracoid and scapula are in contact

Vertebrae (in Carapus acus, fide

Emery) 125-144, of which 17 or

18 are precaudal; 26 precaudal

vertebrae in Carapus dentatus

separated by the supraoccipital in the brotulids

but meet above in the carapids. I have already

shown (1953: 232) that Dinematichthys, among
three brotulids examined, had the parietals meet-

ing above. In Otophidium as well as in "Ophi-

dium Rochet” (Emery, 1880, pi. 3, fig. 26) the

parietals are separated by the supraoccipital. In

Pyramodon (acc. Regan, 1914) they are sepa-

rated, but in Snyderidia and the two carapids

figured by Emery ( 1880, pi. 3, figs. 18, 23 ) they

meet. Whether the parietals are separated or

meet is correlated with the size of the occipital

crest (Table 1, no. 7); among the skeletons

available it would seem that the supraoccipital

is best developed in the narrow, highheaded

forms, e.g., Otophidium (Fig. 1 c), and least de-

veloped in the broad, flatheaded species, e.g.,

Dinematichthys. That the size and extent of the

supraoccipital have any great systematic value

in this suborder seems questionable.

The relative size of the opisthotic (Table 1,

no. 8) is another feature variable within the
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brotulids (Gosline, 1953, table 3). The opistho-

tic of Otophidium (Fig. 1 c) and Snyderidia

(Fig. lb) is expanded.

Three other cranial features of Otophidium

and Snyderidia seem worth noting. In Otophi-

dium the exoccipital facet for the articulation

of the first vertebra forms a single concave wall

of nearly uniform depth; in the available bro-

tulids and in Snyderidia this articulation is

formed by the usual two projecting pads. In

Snyderidia I can find no trace of a suture be-

tween the frontals (Fig. la). Finally, in the

same genus, as frequently in carapids, there is

a greatly enlarged canine tooth at the front of

the vomer (Fig. lb).

Suspensorium: Regan (1912) has used the

fusion vs. nonfusion of the ectopterygoid and

mesopterygoid as a distinction between the

Ophidiidae and the Brotulidae. In the three

brotulid skeletons available the mesopterygoid

and ectopterygoid are indeed joined by suture,

whereas in the ophidiid they are fused. Emery

(1880, pi. 3) shows the mesopterygoid and

ectopterygoid of two species of carapids as

suturally joined. In Snyderidia (Fig. 2)1 have

been able to find no trace of a suture between

the ecto- and the mesopterygoid, but, as already

noted, I have had difficulty locating the sutures

between several of the other head bones in this

specimen.

Another variable character in the ophidioid

fishes is the position and size of the metaptery-

goid. In Brotula this bone completely separates

the hyomandibula and mesopterygoid. In the

other two brotulid skeletons, as in Otophidium,

the latter two bones barely meet in front of the

metapterygoid, and in Snyderidia ( Fig. 2 ) there

is a broad mesopterygoid-hyomandibula junc-

tion in front of the metapterygoid.

In Snyderidia (Fig. 2), as in Otophidium,

the hyomandibular strut that runs back across

the inner face of the preopercle to form the

articulation with the opercle is long and narrow,

not short and strong as in Brotula.

Opercular bones: The opercle in Snyderidia

is formed of two struts extending out like the

wings of a V from the opercle-hyomandibular

articulation. The upper of these wings ends in

a point; the lower is broadly rounded distally.

The structure is not very different from that in

Fig. 1. Skulls of: Snyderidia, a, top view, b, side

view; c, of Otophidium, side view. The dotted line in

c represents the approximate limit of the occipital

crest, bo, Basioccipital; eo, exoccipital; ep, epiotic; fr,

frontals; me, mesethmoid; op, opisthotic; pa, parietal;

pf, prefrontal; po, prootic; ps, parasphenoid; pt, pterc-

tic; so, supraoccipital; sp, sphenotic; vo, vomer.

Otophidium' or the illustrations of carapids

given by Emery ( 1880, pi. 3).

Jaws: Except for the large canine tooth at the

front of the premaxillary of Snyderidia, I am
unable to find significant differences between it,

Otophidium, and the three brotulid genera. The
upper jaw of Snyderidia is about as drawn by

Emery (1880, pi. 3, fig. 25) for
f

Tierasfer

dentatus.”

The lower jaw in carapids has been dealt with

recently by Arnold (1956) who distinguishes

three types within the family. The mandible of

Snyderidia (Fig. 2) very definitely falls with

type B of Arnold ( 1956, fig. 3; see also Emery,

1880, pi. 3, fig. 25). The lower double rim of

this jaw type is also found in Otophidium but

not in the available brotulid skeletons.

A curious feature of the lower jaw of Sny-

deridia is that in dissection the angular on both

sides, together with its ligamentous attachment
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Fig. 2. Right suspensorium, mandible, and opercu-

lar bones of Snyderidia, from inside. Interosseous

areas hatched, an, Angular; ar, articular; de, dentary;

hy, hyomandibular; io, interopercle; li, ligament be-

tween angular and interopercle; ms, mesopterygoid

and ectopterygoid; mt, metapterygoid; op, opercle;

pa, palatine; pp, preopercle; qu, quadrate; so, sub-

opercle; sy, symplectic.

to the interopercle (Fig. 2), came free from the

rest of the jaw. Presumably it was loosely con-

nected by ligament with the articular, rather

than united with it by suture as in the other

ophidioids available.

Visceral arches: The hyoid apparatus of Sny-

deridia seems to show no unusual features.

There are seven branchiostegal rays: five on the

ceratohyal and two on the epihyal. The urohyal

is short and has the configuration of an inverted

T.

The first gill arch in Snyderidia contains two

rows of spinous patches. The outer row below

contains about 13 spinous patches in front plus

three elongate struts; the uppermost of these is

at the angle. Each of these struts, i.e., developed

gill rakers, has a whole series of spinelets pro-

jecting from its inner surface. On the upper

portion of the gill arch ( above the angle ) there

are 3 patches of spinelets in the outer row.

The basibranchial area between the bases of

the 2nd gill arch and the pharyngeals consists of

an elongate raised ridge with teeth. There are

basibranchial teeth in some brotulids (cf. Gos-

line, 1934: 77, fig. 3), but none are present in

those for which skeletons are available. The basi-

branchials of Otophidium are also toothless, but

Emery (1880, pi. 5) shows basibranchial teeth

in
tf

Fierasfer acus.”

In Snyderidia there are the usual pair of sepa-

rate toothed lower pharyngeals and three pairs

of toothed upper pharyngeals.

Regan has used the gill membranes as a char-

acter for separating most of the brotulids from

the carapids (Table 1, no. 3). In Snyderidia

Gilbert (1905: 654) states: "Gill-openings con-

tinued forward to below eye; gill membranes

separate, free from isthmus.” In this feature, and

Pyramodon is similar, Snyderidia belongs with

the brotulids.

Pectoral girdle and fin: The bones of the pri-

mary pectoral girdle are very light and difficult

to make out. Apparently they are similar to those

drawn for "Fierasfer” by Emery ( 1880, pi. 4,

fig. 35 )

.

The coracoid and scapula are in contact,

and there is a small scapular foramen.

Regan differentiates the Brotulidae from the

other two ophidioid families in having the cora-

coid and scapula separated by cartilage. This is

certainly true of Brotula. However, in Dine-

matichthys the scapula and coracoid seem to be

nearly in contact (Fig. 3 h)

.

Be that as it may,

the primary pectoral girdle is so poorly de-

veloped in all the ophidioid skeletons available

that it would seem inadvisable to attach much
importance to differences between them.

In the secondary pectoral girdle, Regan has

used the structure of the posttemporal as a

character for distinguishing families (Table 1,

no. 9) • However, the distinctiveness of the post-

temporal structure as stated by Regan is greater

than in the fishes. Whether the lower post-

temporal limb articulates directly or by ligament

with the opisthotic is difficult to determine in

available skeletons; in all, the tip of the lower

limb of the posttemporal closely approaches the

opisthotic, but even in Brotula the main attach-

ment between the two bones appears to be

ligamentous.

There is indeed considerable differentiation

among the relative sizes of the two posttemporal

wings in the skeletons at hand. In Brotula both

prongs are about equally long; in Otophidium

the upper prong is nearly five times as long as

the lower (Fig. 3a); the other brotulids and

Snyderidia fall between Brotula and Otophidium

in the relative lengths of the posttemporal wings.

Vertebral column: The vertebral column has

perhaps been used more than any other internal

structure in differentiating groups of ophidioid
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fishes. In addition to the features noted by Regan

(Table 1, nos. 1 1-14), various authors have noted

the peculiar first vertebra of the Ophidiidae, and

Arnold (1956) has recently discussed several

aspects of the vertebral column in the carapids.

Posteriorly, the vertebral column of carapids

and Snyderidia tapers to nothing, and there is

no hypural fan (Emery, 1880, pi. 2). In bro-

tulids, the caudal skeleton is quite variable, some

species having a moderately well-developed hy-

pural structure (Gosline, 1953, fig. 2b, which

unfortunately is upside down ) ;
in others ( Gos-

line, 1953, fig. 2a, c) no hypural fan whatever

seems present. In Otophidium the caudal skele-

ton is about as in Dinematichthys (cf. Gosline,

1953, fig. 2b), i.e., moderately well developed.

At the anterior end the first vertebra shows

considerable variation in the different ophidi-

oids. For example, among the skeletons exam-

ined Otophidium has a rather more specialized

method of articulation between the skull and

the vertebral column than the others, and the

neural arch of the first vertebra is heavy, with

the two sides fused above, but low and rounded

(Fig. 4a ) . In Snyderidia the two sides of the first

neural arch extend up and back but are short

and barely meet above. In the three brotulids

(see Fig. 4b) the first neural arch has about the

same inclination but is higher and is closely

appressed against the second. In the carapids ac-

cording to Emery (1880, pi. 5) and Arnold

(1956) the first neural arch projects upward and

forward.

One or more of the first few pairs of ribs in

Brotula, Otophidium (cf. Muller, 1843; Fac-

ciola, 1933), and Carapus (cf. Emery, 1880) is

closely associated with the air bladder. The
nature of these first ribs has been used by Regan
(Table 1, no. 13) to differentiate ophidioid fam-

ilies. In Brotula (Fig. 4b) and Dinematichthys

the ribs on vertebrae one and two are sessile and

unexpanded; in Snyderidia the first two ribs

are sessile but somewhat expanded; in Oto-

phidium the first vertebra and its ribs (Fig.

4a) are exceedingly specialized. In Brotula and

Dinematichthys the ribs on the third and fourth

vertebrae are separate, sessile and more or less

expanded. In Snyderidia the rib on the third

vertebra is sessile and considerably expanded but

that of the fourth is minute and attached to a

long parapophysis. In Otophidium the second

vertebra seems to lack ribs; the third, fourth,

and fifth have sessile ribs, of which that from
the third runs medially to the air bladder.

As to the number of transverse processes

(Table 1, no. 14), there is in Otophidium

,

at

least, the probability that "transverse processes”

and "sessile ribs” are actually the same structures,

the distinction being merely one of definition,

i.e., it would appear that in this fish a "transverse

process” that has a basal articulation with the

centrum becomes a "sessile rib” (cf. Emery,

1880, pi. 5, fig. 50, c4 ). Nevertheless the old

FlG. 3. Right pectoral girdles of, a, Otophidium
and, b, Dinematichthys, from outside, ac, Actinost; cl,

cleithrum; co, coracoid; pe, pelvic girdle; pm, post-

temporal; sa, scapula; sc, supracleithrum.
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Fig. 4. First vertebra and ribs of, a, Otophidium
and, b, Brotula, from front. Surfaces for articulation

with skull hatched, na, Neutral arch; ri, rib; sp, space

containing spinal cord.

terminology will be used in order to deal with

character no. 13 of Table I. In Brotula the first

five vertebrae have "sessile ribs”; in Dinematich-

thys the first six; in Otophidium the first, third,

fourth, and fifth; and in Snyderidia the first

three only. (In Microbrotula ribs are now lack-

ing from several of the front vertebrae, but they

may well have been lost in the process of skele-

tonization.) Judging from Emery’s plate (1880,

pi. 5) sessile ribs are present on the first four

vertebrae of "Fierasfer acus” and "Fierasfer den-

tatus”; in the latter species each rib is separate,

but in the former the ribs of vertebrae three and

four have apparently fused into a single plate

(see also Arnold, 1956, fig. 2c). According to

Arnold (1956: 257, fig. 5) a third group of

carapids has the transverse processes ("sessile

ribs”) of vertebrae three, four, and five fused

into a single plate.

Regan has also used the number of "strong

transverse processes” as a character for separat-

ing the brotulids from the ophidiids (Table 1,

no. 14), but this is certainly a variable char-

acter in the brotulids. For example, Microbro-

tula has transverse processes only on vertebrae

eight through eleven, whereas Hypoplemon (see

Radcliffe, 1913, pi. 14) has greatly expanded

parapophyses on vertebrae four to fourteen

(which partly enclose the air bladder).

A final vertebral character is the number of

abdominal and caudal vertebrae (Table 1, no.

12). In the three brotulids skeletonized counts

are: Brotula, 15 abdominal + 46 caudal; Micro-

brotula

,

12 + 40; Dinematichthys, 12 + 34;

in Otophidium, 16 + 53; in Snyderidia, 15 +
58. Emery (1880: 26) gives 125-144 vertebrae

for "Fierasfer acus” of which 17 or 18 are

abdominal. Arnold (1956) uses the number of

trunk vertebrae as one basis for dividing the

carapids into three sections, one group having

17-20, another 27 or 28, and a third 30 or 31.

Internal soft anatomy

:

The air bladder of

Snyderidia is apparently simple and extends

from below the second to below the twelfth

vertebra. According to Gilbert (1905: 654)

Snyderidia has two pyloric caeca.

External characters: Only a few of the ex-

ternal features of Snyderidia need be noted. First,

the species resembles the carapids in the pres-

ence of a long tail that tapers gradually to noth-

ing. Second, though the pectoral of the lava

flow specimen of Snyderidia has been rather

badly frayed, it is possible to count 27 rays on

one side. This high count seems to place Sny-

deridia with the brotulids and ophidiids rather

than with the carapids (Smith, 1955: 546).

Finally, there are no scales whatever.

Relationships: On the basis of the foregoing

comparison Snyderidia would appear well dif-

ferentiated from the Ophidiidae, Brotulidae, and

Carapidae, but is probably closest to the last.

Especially notable carapid characteristics in Sny-

deridia are the absence of pelvic fins, the long

anal fin, the tapering body, the lack of scales,

and perhaps especially the dentition. Indeed, in

all these respects and notably in lower jaw struc-
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ture Snyderidia bears a considerable resemblance

to the carapid genus Echiodon (Arnold, 1956).

Nevertheless, in another whole series of charac-

teristics Snyderidia differs from Echiodon and

apparently all other carapids. This series may be

divided between presumably primitive and pre-

sumably specialized features. Among the "primi-

tive” characters in Snyderidia may be mentioned

the wide gill openings; the comparatively low

number of vertebrae, both abdominal and cau-

dal; the relatively high pectoral count; the small,

backwardly sloping first neural arch; and the

protractile upper jaw. In all these traits Snyderi-

dia is closer to the brotulids and ophidiids than

to the carapids. Among specialized features in

Snyderidia may be mentioned especially the

fusion of the frontals and the separate angular

bone. On the whole then Snyderidia might be

considered a side branch of the primitive stock

from which the carapids have arisen. In the

absence of known transitional forms between

Snyderidia and the carapids, Snyderidia would

appear to merit separation at the family level.

Though the internal features of Pyramodon

remain mostly unknown, it seems most probable

that Snyderidia should be included in Smith’s

family Pyramodontidae. The chief external dif-

ference between the two appears to be the re-

tention of pelvic filaments in Pyramodon

.

To
include Snyderidia, some slight rearrangement

of Smith’s definition ( see above ) of the family

seems required. Using only those characters

known for both Pyramodon and Snyderidia, the

family Pyramodontidae may be redefined as

follows: Body naked, tapering to a fine point

posteriorly. Anal fin commencing below the pec-

toral. Pectoral with 27 rays. Gill openings ex-

tending well forward on throat. Upper jaw pro-

tractile. Large canines on the front of the vomer

and at the symphyses of both jaws.

Some discussion of the remaining ophidioid

families seems in order. The Carapidae is ob-

viously the most specialized; indeed in habits the

Carapidae is among the most specialized of all

fish families, for it and the unrelated Pygidiidae

comprise the only two fish families known that

have developed parasitic members.

The Ophidiidae is externally separable from

the other families in the group by the mental

pelvics, though certain brotulid genera have the

pelvics nearly as far forward. A more important

character, if it applies to all ophidiids, is the

peculiar first neural arch (Fig. 4a) and its con-

nection with the air bladder; unfortunately this

feature remains uninvestigated in what Norman
(ms., 1957: 500) calls the subfamily Lepophi-

diinae.

The Brotulidae is a tremendous and hetero-

geneous family (Gosline, 1953), which Nor-

man has recently divided into four subfamilies

(ms., 1957: 484). That Its osteological features

cannot be characterized on the basis of internal

examination of one species has been abundantly

shown, while even the approximate limits of

variation remain unknown. Suffice it to say that

even the known variation in osteological features

(Gosline, 1953) is greater than between many
families of the great superfamily Percoidae.
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Spiders from Some Pacific Islands, Part IV
The Cook Islands and Niue

B. J. Marples
1

The Cook Islands are a group of small islands

in the region of the central South Pacific

bounded by 8°-23° S. and 156°-l67° W. They

are divisible into two groups, the northern

Cooks which are small atolls, and the southern

Cooks which, with one exception, are volcanic

islands. The southern Cooks are surrounded by

coral formations and in some cases have been

raised so that the islands have a coral rim up

to 300 ft. high. The largest island is Rarotonga,

with an area of some 26 sq. mi. and rising to

a height of 2,140 ft. The Society Islands, the

next group to the east, lie some 600 mi. from

Rarotonga.

The island of Niue will be considered to-

gether with the Cook Islands. This isolated is-

land does not belong to any group. It lies at

19° 10' S. and 169° 46' W., and consists of a

flat coral formation raised to a height of some

220 ft. above the sea, with an area of about 100

sq. mi. It is situated some 580 mi. west of Ra-

rotonga, 300 mi. east of Tonga, and 350 mi.

southeast of Samoa.

The spider fauna of these islands is not well

known. The number of species recorded (Ber-

land, 1934^; Marples, 1955^, 1957) are as fol-

lows: Rarotonga, 13 species; Pukapuka, 8

species; Aitutaki, 5 species; and Niue, 5 species.

In the present paper some of these numbers are

raised to: Aitutaki, 24 species; Niue, 30 species;

while from islands with no previous records

there are: Mangaia, 10 species; Rakahanga, 4

species; Manihiki, 3 species; and Penrhyn, 1

species. 1 am indebted to my wife and to my
son Richard for the collections from Niue and

Aitutaki, and to Dr. D. D. McCarthy for those

from the other islands. The collections were

made during expeditions under the auspices of

the Medical Research Council of New Zealand.

Niue is situated closer to the Samoa and

Tonga groups and should be considered sep-

1 Department of Zoology, University of Otago,

Dunedin, New Zealand. Manuscript received May 26,

1959.

arately. Of the 30 species, 27 are recorded also

from Samoa, 15 from the Cook Islands, and 11

from the Society Islands. Samoa is the largest

land mass in this region and the one whose

spider fauna is best known. Fiji, to the west,

has not yet been adequately explored. Of the

three species recorded from Niue but not from

Samoa, Nephila prolixa represents the most

easterly extension of the genus in the Pacific.

It occurs in Fiji and Tonga and was recorded

by Koch ( 1871 ) some 90 years ago in Samoa,

but it has not been recorded there since. Dras-

sodes ciusi
,
a new record, was previously

described from New Caledonia and the Loyalty

Islands far to the west. The third species, Molli-

cia microphthalma, has a wide distribution from

the New Hebrides, New Caledonia, and Loyalty

Islands in the west, and to the Marquesas and

Rapa in the east. It is also known from Tonga,

the southern Cooks, and the Society and Aus-

tral islands, but not from Fiji, Samoa, or the

small islands to the north. This southern dis-

tribution is unusual in such a widespread species.

Thirty species are recorded from the southern

Cooks, and 26 of them occur also in Samoa. Of

the 4 which do not, one is Mollicia micro-

phthalma already discussed, and 2 have not been

recorded elsewhere. The fourth, Sandalodes

calvus, is interesting, as it occurs to the east

in the Society, Marquesas, and Tuamotu islands.

Curiously enough, it is said to occur also in

Australia. The genus Sandalodes has a distribu-

tion unlike that of any other group in the

Pacific, There are, in addition to 5'. calvus
,
8

species in Hawaii and 5 in the Marquesas. An-

other possible link with the east is an immature

salticid from Aitutaki which may be Laharulla

insulana, recorded from Tahiti, but unfortu-

nately it cannot be identified with certainty.

The southern Cooks have 14 species in common
with the Society Islands (Berland, 1934h) but

the remainder of these occur also in islands to

the west. It is highly desirable that adequate

collecting be carried out in Rarotonga, which,

382
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TABLE 1

Species of Spiders Recorded from the Cook Islands and Niue, and
Their Occurrence in the Adjacent Island Groups

SPECIES
TONGA SAMOA

w
D
z

SOUTHERN

COOKS

NORTHERN

||

COOKS
TAHITI

SPECIES
TONGA SAMOA

NIUE

[southern

COOKS

NORTHERN

COOKS
TAHITI

Total number of

species recorded 49 128 29 30 8 40

Sparassidae

H. venatoria X X X X X X

ULOBORIDAE
U. geniculatus X X

Salticidae

A. whitmei

A. pterygodes X

X

X
X
X

X
X

X
X
X
X
X

X
X

X
X
X

X

X

X
X

X
X
X
X
X

X

X

X

X
X

X

X
X
X
X

DICTYNIDAE
S. mumfordi. X X

A. satchelli

B. aericeps

C. piscula

F. minuta

T. ensifera

M. bivittata

Al. microphthalma.

S. calvus

OONOPIDAE
G. loricata

I. lanutoo

0. oceanicus

X X
X
X

X
X

X

—

SCYTODIDAE
S. marmorata

S. striatipes

X
X

f. X i

X X
X
X

— X
X Theridiidae

C. . sa.mnp.n d f X
X

X
X

X
X
X
X
X
X

X
X
X
X
X
X

X
X

—

X
OCHYROCERATIDAE

A. minuta X X
C. unimaculata

P. soloa

T. albostriatum

T. aleipata

/VI. phyllicola

Pholcidae
P. ancoralis

A. mauriciana

P. globosus

S. elongatus

X

X
X

X
X
X
X

X X

X
X

X
X
X

X

Linyphiidae
L. tuasivia

A. armata

— X — X
X

—
Clubionidae

C. furax

C. alveolata

C. samoensis

X
X

X
X
X

p

X X
X

—

X

Tetragnathidae
D. oceanica

D. upoluensis

L. tuberculata

T. panopea
/ 'Wi striltow tsi

X
X
X

X
X
X
X
X

X
X
X
X

X
X
X
X
X

—
XGnaphosidae

D. ciusi X _ _ _
Lycosidae

L. tongatabuensis... X X X X

JL o rfl'Clv n Fd

Epeiridae

C. moluccensis X
X
X

X
X
?

X
X
X

X X
X
XZODARIIDAE

C. verrucosa — X — X — —
E. theisi

N. prolixa

as a high and relatively large island, will yield

far more than the 13 species recorded from it

and may show some interesting resemblances

to the islands to the east.

The northern Cooks are all small coral is-

lands. Only 8 species are recorded; all of these

occur also in Samoa and 5 of them occur in the

Society Islands. For comparison the Tokelau

Islands may be mentioned. These are small coral

islands lying west of the northern Cooks and

north of Samoa. Thirteen species are recorded

from them, all of which occur also in Samoa.

Six of the 8 species from the northern Cooks

occur also in the Tokelaus.

ULOBORIDAE
Uloborus geniculatus Olivier

NIUE: 3 Female and 4 imm., 1 male imm. From
buildings and a cave, Mutulau.

DICTYNIDAE
Syrorisa mumfordi Berland

AITUTAKI: 6 Females and 12 imm., 2 males.

Some collected under bark and others below

coral pebbles about 2 in. in diameter on open

ground. The webs were spun between the

pebbles and the spider was just below. Two
cocoons of thin white silk, one contained

36, the other 23 eggs.
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OONOPIDAE

Gamasomorpha loricata L, Koch
NIUE: 3 Females. In dead leaves. Assumed to be

this species.

Iscknotbyreus lanutoo Marples

NIUE: 1 Female imm. From litter in a planta-

tion.

Oonopinus oceanicus Marples

AITUTAKI: 1 Female imm.

SCYTODIDAE

Scylodes marmotata L. Koch
AITUTAKI: 2 Females. In buildings.

Scytodes striatipes L. Koch
NIUE: 7 Females and 4 imm., 1 male. In house.

AITUTAKI: 5 Females. In house and under logs.

OCHYROCERATIDAE

Apiacera minuta Marples

NIUE: 1 Female imm. Collected under an old

fallen cocoanut. There are 5 instead of 6

promarginal teeth on the cheliceral groove.

PHOLCIDAE

Pholcus ancoralis L. Koch
NIUE: 3 Females and 3 imm., 1 male. On build-

ings and cliffs and in the bush.

Artema mauriciana Walckenaer

RAKAHANGA: 1 Female, 1 male.

Pbysocyclus giobosus Taczanowski

AITUTAKI: 24 Females, 5 males. The details of

the palp are not exactly as figured by Pe-

trunkevitch (1929) for a specimen from

Porto Rico.

RAKAHANGA: 1 Female.

MANIHIKI: 1 Female and 7 imm., 1 male.

SmeringopMS eIongams Vinson

MANGAIA: 1 Female, 1 male.

RAKAHANGA: 1 Female.

CLUBIONIDAE

Chiracantbium furax L. Koch

NIUE: 1 Male imm. Probably this species.

AITUTAKI: 3 imm. Probably a Chiracantbium sp.

Clubiona alveolata L. Koch

NIUE: 10 imm. In bush.

AITUTAKI: 2 Females, 1 male, and 1 imm. Under
bark and stones.

GNAPHOSIDAE

Drassodes ciusi Berland

NIUE: 1 Female. In open plantation. This species

was described by Berland (1924) from a

male from Mew Caledonia. Later ( 1929) he

described a female from the Loyalty Islands

which he attributed to the same species. The
present specimen appears to correspond to

this female.

Poicilochroa rollini Berland

AITUTAKI: 1 imm. Under bark. This may belong

to this species but one cannot be certain.

LYCOSIDAE

Lycosa tongatabuensis Strand

AITUTAKI: 5 imm. Possibly this species, the

cheliceral teeth agree.

SPARASSIDAE

Heteropoda venatoria (Linn.)

NIUE: 2 Females, 2 males, several imm. Cocoon

with 292 eggs.

AITUTAKI: 3 Females, 3 males, several imm. 3

cocoons.

MANGAIA: 1 imm.

MANIHIKI: 2 imm.

PENRHYN: 1 Female, 1 male, 1 imm.

Fig. 1. a. A stylised map of the South Pacific. The rectangle is bounded by the equator and 30° S., and

by 130° W. and 160° E. The main island groups within the rectangle are indicated by circles in their relative

positions, while the land masses without are conveniently assembled round the margin. A, Australia; F, Fiji;

H, Hawaii; NC, New Caledonia; NZ, New Zealand; S, Samoa; T, Society Islands. The northern Cook Islands

are marked with vertical lines, the southern Cook Islands with horizontal lines, and Niue is black.

b. Distribution of Mollicia microphthalma.

c. Distribution of Sandalodes calvus.

d. Distribution of the genus Nepbila. Eleven species are included, but the doubtful record from Samoa is

not shown.



386 PACIFIC SCIENCE, Vol. XIV, October I960

SALTICIDAE

Athamas ivhitmei Cambridge

NIUE: 2 Females, 3 males, 3 imm. In house and

swept in herbage.

AITUTAKI: 4 Males, 1 imm. Swept.

Bavia aericeps E. Simon

AITUTAKI: 1 Female, 1 imm.

Cytaea piscula L. Koch
NIUE: 2 imm. In bush.

Flacilla minuta Berland

NIUE: 2 Females imm., 1 male. In house.

AITUTAKI: 1 Female. Swept. There is one spine

on metatarsus I, instead of none.

Thorellia ensifera (Thorell)

NIUE: 5 Females and 2 imm., 7 males and 3

imm. In house and litter in the bush.

AITUTAKI: 3 Females, 3 males, 5 imm. Swept.

MANGAIA: 2 Females imm.

Menemerus bivittatus Dufour

AITUTAKI: 1 Male. Under bark.

MANGAIA: 1 Female.

Mollicia microphthalma (L. Koch)

NIUE: 2 Females and 1 imm. In bush.

AITUTAKI: 1 Male.

? sp.

AITUTAKI: 1 Female imm. Unfortunately it is

not possible to identify this specimen, but it

seems to be most like Lauharulla insulana

Simon, described from Tahiti.

THERIDIIDAE

Conopistha samoensis (Cambridge)

NIUE: 3 Females and 9 imm., 1 male imm. The
sides of the abdomen of all these specimens

are silver, the ventral side is dark, and there is

also a well-marked streak running longitudi-

nally along the whole of the dorsal surface.

This is better marked posteriorly to the apex

than in Samoan specimens; there is no vertical

lateral dark band which some of these have.

Conopistha unimaculata Marples

NIUE: 4 Females and 21 imm., 2 males and 4

imm. Collected in the bush.

Pholcomma soloa (Marples)

NIUE: 1 Female. In bush. This species was de-

scribed as Theridion soloa from a single in-

dividual from Samoa. Additions to the de-

scription already published (1955 b) are a

row of three minute teeth on the retromargin

of the cheliceral groove, and extensions of the

broad posterior end of the sternum passing

posterior to the last pair of legs. These are

present in the type as well.

Theridion albostriatum L. Koch
NIUE: 1 Male. In house.

AITUTAKI: 20 Females and 16 imm., 5 males

and 4 imm. In buildings.

MANGAIA: 2 Females, 1 male imm. The common
domestic theridiid throughout the Pacific is

taken to be this species.

Theridion aleipata Marples

NIUE: 1 Female and 9 eggs in a thin silk cocoon.

AITUTAKI: 2 Females, 1 male imm. Under
pebbles on bare ground and swept.

Mysmena phyllicola ( Marples

)

NIUE: 2 Females, 1 male imm., 1 cocoon with

6 spiderlings. In bush.

LINYPHIIDAE

Linyphia tuasivia Marples

AITUTAKI: 1 Female. Under logs and leaves. The
epigynum is slightly different from Samoan
specimens, but it seems to belong to this

species.

Aitutakia armata gen. et sp. nov.

AITUTAKI: 1 Male. In house. Male. Length 2.28

mm. Pale brown, sternum and mouth parts

darker. Abdomen greyer with faint posterior

dorsal chevrons.

Carapace: Length, 1.07 mm., breadth, 0.83

mm. Lateral margins convex. Thoracic groove

conspicuous and longitudinal.

Eyes: 8, all light. From above, anterior row

strongly recurved, posterior row straight. Ratios

of the diameters of the eyes and of their dis-

tances apart: AM, 91; AL, 117; PM, 97; PL,

110; AM-AM, 53; AM-AL, 41; AM-PM, 76;

PM-PM, 76; PM-PL, 80; laterals touching;

clypeus, 220. Breadth of eyegroup, 0.39 mm.

Chelicerae: Main part rounded, groove very

oblique so that the chelicera tapers towards the

base of the fang. Large sharp prolateral distal

apophysis, and a row of 5 smaller ones, increas-

ing in size distally, along the prolateral dorsal
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margin. Dorsal surface near the base of the fang

with a stridulating organ of 7 ridges. Strigil at

the proximal end of the tarsal tibia. Five pro-

marginal teeth, the next but one to the ventral

end being the largest; 3 somewhat larger retro-

marginal teeth.

Maxilla: Large and rounded, converging, trun-

cated anteriorly with only a slight anteromedian

scopula. Posterolaterally adjacent to coxa I is a

rounded dark elevation.

Lip

:

Small, rounded, broader than long.

Sternum: Length, 0.56 mm., breadth, 0.59

mm. Convex. Hollows for the bases of the maxil-

lae and legs. Extending between the hind legs.

Palp: Tibia drawn out into a sharp dark dorsal

process extending distally beside the base of the

tarsus, below it a lateral convexity. Three dorsal

trichobothria. Details as in figure.

Legs: IV i II III Palp

2.99 2.86 2.74 2.25 1.27

PATELLA

AND META-
FEMUR TIBIA TARSUS TARSUS TOTAL

Palp 0.56 0.41 —

•

0.39 1.36

1 0.62 1.14 0.78 0.50 3.05

II 0.79 0.97 0.71 0.25 2.73

III 0.71 0.74 0.58 0.38 2.41

IV 0.91 1.06 0.81 0.41 3.19

Tibial Index I 9.0

Tibial Index IV 9.0

Three claws, paired ones with 6 pectinations

in a single row, median claw with 1. Spines few

and inconspicuous. Tibiae with 2 dorsal spines

except IV which has one. One on each patella.

The femora have a double row of stout hairs or

fine spines.

‘Trichobothria: 6 in 2 rows on the tibiae and

1 on the metatarsi, including metatarsus IV.

Abdomen: Length, 1.11 mm., breadth, 0.73

mm. Oval, slightly overhanging the waist. Spin-

nerets posteroventral, 6, the anterior much the

largest. Anal tubercle and colulus small. Geni-

tal fold conspicuous. Posterior spiracles appear

paired and close to the spinnerets.

This species, on the evidence of the converg-

ing maxillae, the single spine on tibia IV, and

Fig. 2. Aitutakia armata, male, a, Sternum and
maxillae; b, prolateral view of left chelicera; c, retro-

lateral view of right palp.

the single trichobothrium on metatarsus IV,

would seem to belong to the micryphantid as-

semblage. It is remarkable for the apophyses on

the chelicerae and the swelling on the maxillae

which distinguish it from the other species in

the region. As its true generic position can only

be determined by a specialist on the Linyphiidae,

it is provisionally placed in a new genus.

TETRAGNATHIDAE

Dyschiriognatha oceanica Berland

AITUTAKI: 5 Females.

Dyschiriognatha upoluensis Marples

NIUE: 1 Male. Swept in shrubs at night. Smaller

than Samoan specimen.

AITUTAKI: 4 Males.

Leucauge tuberculata Keyserling

NIUE: 15 Females, 5 males, 43 imm.

AITUTAKI: 2 Females and 2 imm., 2 males imm.
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Tetragnatha panopea L. Koch
NIUE: 1 Female, 1 male.

AITUTAKI: 3 Males.

Tetragnatha macilenta L. Koch
NIUE: 2 Females.

AITUTAKI: 1 Male. The identification of species

of Tetragnatha is only tentative.

EPEIRIDAE

Epeira theist Walckenaer

NIUE: 9 Females, 1 male.

AITUTAKI: 10 Females, 5 males.

mangaia: 3 Females.

RAKAHANGA: 1 6 Females.

MANIHIKI: 1 imm. One immature epeirid ap-

parently belonging to another species was

collected on Niue.

Nephila prolixa L. Koch
NIUE: 1 Female and many imm., 4 males imm.

Cyrtophora moluccensis Doleschall

NIUE: 6 Females, 5 males and many imm.

SUMMARY

New collections of spiders are described from

the Cook Islands and Niue which bring the total

numbers recorded to 31 and 29, respectively.

These faunas are compared with those of the

Society Islands to the east and with those of

Tonga and Samoa to the west, and the greater

resemblance seems to be with those of the west.

One new genus and species is proposed: Aitu-

takia armata, of the Linyphiidae.
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The Arrival of Aedes (Ochlerotatus) vigilax (Skuse) in Fiji

G. F. Burnett1

The saltmarsh-breeding mosquito, Aedes

( Ochlerotatus ) vigilax (Skuse), is a serious pest

in parts of Australia, New Guinea, and New
Caledonia and is a proved vector of the New
Caledonian strain of nonperiodic bancroftial

filariasis (Iyengar and Menon, 1956; Iyengar,

1954; Backhouse and Woodhill, 1956). It was

reported from Fiji by Lever (1940), but he

subsequently decided that this was an error

(Lever, 1945). In November, 1957, A. vigilax

was discovered near Suva and identified with

certainty. Some work has been done on this

species since its discovery to determine its status

as a potential vector of Fijian filariasis and also

to find out how it entered the colony. In com-

mon with most Pacific territories, Fiji enforces

measures designed to limit the importation of

pests (especially anopheline mosquitos, which

are absent from the group), but A. vigilax had

obviously evaded these measures.

Acknowledgments: I wish to thank Mr. D. J.

Lee, of the University of Sydney, and Mr. P. F.

Mattingley, of the British Museum (Natural

History), for their very prompt identification

of the specimens I sent them. Mr. Lee also sup-

plied most of my information on this mosquito

in its natural haunts. I am indebted to Messrs. S.

Nelson, G. Martin, J. Buckingham, and M. Na-

tuna, all of the Medical Department, Fiji, for

much information. The dissections were largely

carried out by Isimeli M. Rakai. My thanks are

due the Director of Medical Services, Fiji, for

permission to publish this note.

ARRIVAL OF A. vigilax

The Fiji group consists of two large islands

and numerous smaller ones. The southeast as-

1 Formerly of Filariasis Research Unit, Fiji. Present

address: Colonial Pesticides Research Unit, P. O. Box
3024, Arusha, Tanganyika, East Africa. Manuscript

received April 8, 1959-

pects of all the higher islands, including the

two large ones, are wet, receiving 100-300 in.

of rain per year, and in normal years are not

without rain for more than a week or two at a

time. The northwest sides of these islands have

a distinct rainy season from December to May,

the rest of the year being dry. Ports of entry

from overseas are virtually confined to the largest

island of Viti Levu (see Fig. 1). There are two

seaports concerned, the capital, Suva, in the

southwest, and Lautoka in the northwest. On
the east side of the Suva peninsula is the mil-

itary and civil flying-boat base of Lauthala Bay.

The international airport of Nandi is not far

from Lautoka.

On December 20, 1957, mosquito larvae sub-

sequently identified as A. vigilax were dis-

covered by the local mosquito control organiza-

tion in brackish pools at the mouth of a creek

within a mile of the flying-boat base at Lau-

thala Bay. These pools were oiled as soon as the

larvae were found, but on January 13, 1958,

both adults and larvae were discovered in and

near brackish pools about 100 yd. from shore

some 1,000 yd. northeast of the original dis-

covery. On succeeding days the infestation was

traced, principally as sparse adults, as far as the

extensive delta of the Rewa River. During Janu-

ary and February specimens were found at Koro-

tongo, 60 mi. west of Suva, and at Mau, Wai-

niambia, and Nukui (Fig. 1 ) . At all these places

we had made regular surveys at intervals dur-

ing the previous 9 months and it is most un-

likely that A. vigilax would have been over-

looked unless it was present in very small num-

bers indeed. At the end of January and begin-

ning of February unusually high tides, backed

by strong winds, produced many brackish pools

suitable for breeding, and many places in south

and east Viti Levu complained of being attacked

by swarms of the new mosquito, which was

sufficiently distinctive to attract lay comment as

389
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Fig. I. Viti Levu, Fiji Islands.

something unusual. Suva in particular suffered

from prolific breeding in the coastal marshes

some 2 mi. distant. In the Rewa delta, breeding

was intense in the saline pools left actually

within village boundaries by high spring tides.

The infestation extended to the dry zone of Viti

Levu, being confirmed from Nandi in March,

1958, and near Lautoka in May, while an in-

festation of plague intensity was found in the

Mba delta in June, 1958 (Fig. 1). The inhabit-

ants stated that this had started early in 1958.

Thus, shortly after A. vigilax was discovered,

it became a pest all round the island of Viti

Levu, and its initial discovery near the flying-

boat base at Lauthala Bay cannot be considered

of much significance in deciding its point of

introduction. Indeed, although specimens were

not obtained near Nandi until March, 1958,

there are circumstantial accounts of what was

almost certainly A. vigilax in the area in Octo-

ber, 1957, and possibly as early as May, 1957.

The report originates from the Senior Mosquito

Inspector now in charge. He says that when he

arrived at Nandi in October, 1957, there were

many complaints of daytime biting by mosqui-

tos, which local informants alleged had started

in May, 1957. He identified the mosquitos as

Aedes vexans ( Theo. ) ,
with which A. vigilax

is readily confused, especially if the presence of

the latter is not suspected, although A. vexans

rarely bites by day in Fiji. The infestation was

traced to an extensive flooded area IV2 mi. to

the north of the airfield where the outlet of the

Malika Creek (Fig. 1) had been blocked by a

broken floodgate. The water was brackish and

the Inspector was surprised to find great num-

bers of what he took to be A. vexans larvae in

this brackish water. Unfortunately he took no

specimens at the time, but in March, 1958, he

collected A. vigilax larvae in the same place.

When I visited the area in June, 1958, the flood-

gate was repaired and the ground was dry, but

it was very similar in character to the places

where A. vigilax larvae had first been reported

near Suva.

Retrospective reports made subsequent to

the discovery of A. vigilax in Fiji should be

carefully scrutinised before acceptance, but there
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are reasons for accepting this one. There is no

doubt that the species was firmly established in

Fiji in 1958, and the soil of the area which I

was shown in June of that year was saline.

A. vigilax is the only species likely to breed

here in large numbers, except for the easily

distinguishable Culex sitiens Wied, or possibly

C. annulirostris Skuse. The origin of the plague

of mosquitos at the airport buildings was not

likely to have been within a mile of these build-

ings because surface water is kept to a minimum
within this radius by drainage and unavoidable

collections of water are inspected regularly. It

is characteristic of A. vigilax that it may be a

serious pest for up to 5 mi. from its breeding

place. There is in fact only one other mosquito

in Fiji at all likely to be a pest in daylight in

the middle of the large bare expanse of the

airfield, and this is A. aegypti, which could con-

ceivably breed undetected in water collections

near the buildings themselves. It would, how-

ever, be recognised by even the least competent

mosquito inspector. There is no doubt that there

was a mosquito nuisance at Nandi in October,

1957, and it is very likely that this was due to

A . vigilax, but whether it had really been estab-

lished since the previous May is more doubtful,

because reports of a plague at this time are not

supported by any written confirmation. The

year 1957 was unusually dry in Fiji and serious

breeding of any other species would be most

unlikely in this area at this time. In any event

the October, 1957, report from Nandi precedes

by several months reports of A. vigilax from

elsewhere.

STATUS OF A. vigilax IN EARLY 1959

The plague of A. vigilax in the southeast of

Viti Levu early in 1958 was brought to a sud-

den end in April, when over 40 in. of rain

fell and there were extensive floods. Dense

masses of larvae were seen being washed out to

sea by the rising Rewa River. Surprisingly, the

insect has not reappeared as a pest in the wet

southeastern zone although there have been some
unusually high tides which have left brackish

pools above normal high water. A few larvae

were found in the Rewa delta in January, 1959,

but these were washed away by floods. In the

dry zone of the island A. vigilax has persisted,

notably In the Mba delta, in the general vicinity

of Lautoka (in small numbers)
,
and near Nandi,

where it greatly increased in numbers at the

start of the rains in November, 1958 (Fig. 1).

It also Infests the islands to leeward, e.g., Malolo,

where it arrived before May, 1958, when the

island was visited In response to a request for

help from the islanders. In October, A. vigilax

was still on Malolo and had reached the Ma-
manutha Group to the north. It was not found

to the windward of Viti Levu until January,

1959, when it was found breeding on Makongai
(Fig. 1). It may be assumed that the species is

well established and will become a pest again

in the wet zone when a suitable combination of

conditions arises once more. In Fiji the habits

of the insect closely resemble its habits in

Australia.

On August 27, 1958, four adult female A.

vigilax were recovered from an aircraft which

had been sprayed on landing at Nandi airport

after a flight from Tontouta, New Caledonia.

They were fresh and had almost certainly been

alive at the time of spraying.

A. vigilax as A vector of fijian

Wuchereria bancroftii AND
Diroftlaria immitis

A. vigilax from both New Caledonia (Iyen-

gar and Menon, 1956) and Sydney (Backhouse

and Woodhill, 1956) have been shown to be

highly efficient laboratory vectors of the New
Caledonian strain of nonperiodic bancroftial

filariasis, and it was feared that it would be

equally hospitable to the Fijian strain of the

same filaria . The results of various feeding tests

are given in Table 1. The mosquitos, aged 2-6

days, were given a single blood meal on the

infective subject and were at once isolated in

3" X 1
"

glass tubes containing a strip of filter

paper and closed with mosquito gauze. A drop

of sugar solution was placed each morning on
the strip of filter paper and in the afternoon a

drop of distilled water was added. For the last-

three feeds some A, pseudoscutellaris (Theo.),

which is an important vector in Fiji, were in-

cluded as a check. The three Insects dissected

immediately after the first feed had been killed.



392 PACIFIC SCIENCE, Vol. XIV, October I960

TABLE 1

Laboratory Infection of Aedes vigilax with the Fijian Strain of Wuchereria hancroftii

AND WITH Dirofilaria immitis

EXPT.
NO.

MICROFILARIAE
PER 20 CMM.
(MEAN OF 2)

DISSECTED MOSQUITOS

Days after
feed

Total

No.

with

live

larvae

(all

stages)

MICROFILARIAE 1ST STAGE 2nd STAGE
EARLY THIRD

STAGE
MATURE

No.

mosquitos

Total

no.

microfilariae

No.

mosquitos

Total

no.

larvae

No.

mosquitos

Total

no.

larvae

No.

mosquitos

Total

no.

larvae

No.

mosquitos

Total

no.

larvae

123 W . hancroftii 5 0 3 0 0

7-8 4 0 0

9-13 103 2 3 3 (2d* ) 2 2 ( Id)

124 17 2-6 9 0 0

9-11 49 5 8 16(d) 1 1 1 2

125 42 13 20 1 10 I4(13d)
126 241 13-14 35 3 16 102 (65d) 3 - 7 (3d) 1 1 1 1 2 2

128 7 2-12 35 2 4 9 ( 6d

)

1 2

13-18 73 0 4 5(d) 1 1(d)

Dog D. immitis 8-10 19 1 5 83(d) 5 19( I6d)

11 uncountable 15 10 1 1 6

17 5 4 4 11

Simultaneous feedings with A. pseudoscutellaris

125 W . hancroftii 42 13 3 3 3 30
126 241 13 22 18 1 4 1 5 3 11 16 106

128 7 1-10 17 10 1 1 6 14 3 3

11-13 - 19 13 7 11 8 29

* d = dead, frequently disintegrating.

but all mosquitos dissected before the 9th day

in experiments 123 and 124, and before the

13th day in the other experiments, died naturally

and were dissected the same day. In experiment

128 both species suffered the effects of humid-

ities unusually high even for Suva, with con-

sequent high mortality.

The results (Table 1) contrast strongly with

those obtained with a New Caledonian donor

by Iyengar and Menon (1956) and by Back-

house and Woodhill (1956). This man showed

microfilarial counts ranging from 57 to 154 per

20 cmm. of blood, and infected 94 per cent

(Iyengar and Menon, 1956) and 95 per cent

(Backhouse and Woodhill, 1956) of all A.

vigilax fed on him. Backhouse and Woodhill

also quote a mature infection rate of 98 per cent

in those mosquitos dissected from the 12 th day

onwards. We obtained only 2 mature larvae, in

different insects, among 35 mosquitos that fed

on a Fijian with a microfilarial count of 241 per

cmm. (mature infection rate, 5.7 per cent). Only

3 (8.6 per cent) of this batch showed live

filarial larvae, although 82 per cent of A. pseu-

doscutellaris fed at the same time carried live

larvae. Batches of A. vigilax fed on other donors

with microfilarial counts of 5, 17, 42, and

seven showed total live infection rates (no

stage later than the second) of 1.8 per cent,

8.6 per cent, 5 per cent, and 1.8 per cent,

respectively. A, pseudoscutellaris fed on the last

two showed live infections in 100 per cent and

64 per cent. It appears that A. vigilax is a poor

vector of the Fijian strain of W . hancroftii.

One feed has been done on a dog which was

anaesthetised with nembutal ( expt. 11). There

was heavy mortality of the fed mosquitos, only

five surviving 17 days. Of these, four became

infective. This high laboratory mortality of

A, vigilax is most unusual and contrasts with

a complete survival in experiment 126 made

about the same time. It is almost certainly due

to heavy Invasion of the mosquitos
8

excretory

systems as a result of feeding on this very heavy
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infection. One would expect a lower mortality

if they were fed on an animal with fewer micro-

filariae, but probably a high final infection rate.

Few dissections of A. vigilax caught wild have

been made, but in a series of 30 mosquitos

from Raiwai village on the Suva peninsula, one

mature larva of D. immitis was found.

DISCUSSION

It was most unexpected to find that A. vigilax

was refractory to the development of Fijian

filariae. The insects which reached Fiji are al-

most certainly derived from Sydney or from

New Caledonia because transport from other

parts of the range of this species (Iyengar,

1955) is very rare. Since A. vigilax from both

these places is an exceedingly efficient vector

of the New Caledonian strain, it is very prob-

able that difference is not in the strain of mos-

quito but in the strain of parasite, although both

are nonperiodic. This could be confirmed if mos-

quitos of known provenance were fed on a

Fijian donor.

The failure of A. vigilax to develop mature

Fijian filarial larvae readily was a considerable

relief because its habits differ completely from

those of our four native vectors (Symes, 1955,

1956)

. If it were a vector it would be likely to

increase the prevalence of filariasis in places

where it is at present unimportant, while to

control it would require special measures. The

arrival of this pest has been beneficial in one

way, for it has drawn public attention to the

importance of excluding such immigrants and

to the need to reconsider the efficacy of the

measures in force and of their application in

practice.

There is little doubt that this was a new in-

troduction. The only previous report of A. vigi-

lax was Lever’s (1940), afterwards declared to

be an error (Lever, 1945). Since then much
work has been done on Fijian mosquitos (Amos,

1947; Symes, 1955, 1956; Laird, 1956) with-

out the detection of A. vigilax, and our regular

surveys in south and east Viti Levu found none

before the first outbreak. Introduction by ship

appears less probable than by air because A.

vigilax would not be at all likely to breed on a

ship and is a strong-flying and active insect

unlikely to remain on board as an adult for the

several days required for its transport. Ships

coming direct from any part of its range out-

side the malarial zone are not subject to fumi-

gation in Fiji, but the waterfronts of the two

ports appear inhospitable to the insect. Frequent

searches were made along the Suva waterfront

but A. vigilax larvae were found only once,

after the city had been invaded from the other

side of the Suva peninsula. Only a few larvae

were found and there was no recurrence. At
Lautoka, although infestation has persisted on

this side of the island, A. vigilax has not been

found near the harbour.

That the species is capable of being trans-

ported by air was demonstrated by its recovery

in August, 1958, from an aircraft at Nandi. Of
the two air stations, Lauthala Bay normally of-

fers the better facilities for the establishment of

a mosquito with the requirements of A . vigilax.

In addition there is a greater chance that an

insect will escape from a flying boat than from

a landplane before insecticidal treatment, be-

cause it is necessary to open hatches for moor-

ing the former before treatment can be carried

out. However, very few aircraft land at Lauthala

Bay from places within the known range of

A. vigilax, whereas Nandi receives many sched-

uled flights from such places. Opportunities for

arrival at Nandi are not only frequent but the

first reports of mosquitos that were probably

A. vigilax came from the airport area during a

period when conditions there were unusually

suitable for the establishment of this species,

suggesting that this was the place of arrival and

that on this occasion the usual disinsectisation

procedure proved inadequate. The mosquito,

once established, presumably spread round the

island from the edge of one mangrove swamp
to another (see Fig. 1) until unusually favour-

able conditions of tides and weather permitted

simultaneous rapid multiplication to plague pro-

portions over a large area. If this account is

correct it emphasizes the importance of the

unusual feature, the flooding, which provided

a refuge and breeding place on arrival. Intro-

duction of a pest to a new country by man-

operated transport depends on a sequence of

events—the pest must be present near its poten-

tial vehicle, it must be able to enter and remain
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within it, survive the journey, survive any treat-

ment designed to destroy it, and escape on

arrival and find refuge, food, and a breeding

place. It and its offspring must then survive to

breed. It is virtually impossible to ensure that

no insect can survive any particular one of these

stages and efforts should be directed to weak-

ening every link in the chain as much as pos-

sible. In the present case it is probable that the

unusual facilities offered for breeding were de-

cisive in making the introduction of A. vigilax

possible. There is no reason why a similar acci-

dent should not permit the much more serious

establishment of a malaria vector, and all rea-

sonable measures should be taken to prevent it.

SUMMARY

Aedes ( Ochlerotatus ) vigilax (Skuse) is a

serious pest in Australia, New Caledonia, and

elsewhere. In December, 1957, it was found

breeding near Suva and within 3 months it had

been found round much of the coast of Viti

Levu, the largest island of the group, and was

established as the worst pest species on the coast

whenever conditions favoured its breeding. Its

spread is described and its probable mode of

introduction, by air, is discussed.

The species is a very efficient host of the

New Caledonian strain of nonperiodic ban-

croftial filariasis but is a poor host of the Fijian

strain of this parasite. One experiment indicates

that it may be a good vector of the dog filaria

Dirofilaria immitis.
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A New Hawaiian Engraulid Fish

Donald W. Strasburg 1

The oceanic skipjack or aku ( Katsuwonus

pelamis ) is commercially the most important

fish in the Hawaiian Islands. This tuna is cap-

tured by pole and line, using live bait as chum.

Of the several species of small fish employed

as bait, the endemic anchovy known as nehu

(Stolephorus purpureus, family Engraulidae)

forms the major skipjack bait resource. Its im-

portance in this respect has made the nehu the

subject of several studies, resulting in reports

on its food habits (Hiatt, 1951), spawning

(Tester, 1951, 1955), oxygen requirements

(Pritchard, 1955), meristic variation (Tester

and Hiatt, 1952), and taxonomy (Gosline,

1951). Biologically, the nehu is probably the

best-known fish in the Hawaiian Islands.

The nehu is a carnivorous anchovy, living and

breeding in estuaries and bays. It is captured by

seine during the day, and by a combination of

seine and electric light at night. The nehu has

been regarded as neritic except for two puzzling

circumstances: the nehu population in Maalaea

Bay, Maui, is periodically augmented by incur-

sions of fish apparently from the open sea, and

eggs differing only slightly from those of nehu

were once taken in the offshore waters of Oahu
(Tester, personal communication )

.

During the summer of 1958 the research

vessel "Charles H. Gilbert” of the U. S. Fish

and Wildlife Service encountered several large

schools of anchovies 5-30 mi. off Oahu. Samples

were presumed to be nehu and were not pre-

served. Later, conversation with commercial

fishermen revealed that, while not regularly oc-

curring, such schools were not rare, and also that

the fish differed from nehu in both color and

shape. Some fishermen termed these fish "oki-

iwashi,” which is literally translated as "pelagic

sardine-like fish,” while others referred to them

as "roundheads.” The latter name was descrip-

1
U. S. Fish and Wildlife Service, Honolulu, Hawaii.

Manuscript received February 4, 1959.

tive of the short head which caused the fish to

be gilled in seines used for nehu.

Thinking that this offshore anchovy repre-

sented either a different species or an ecological

variant of nehu, we intensified our efforts to

obtain specimens from areas removed from the

inshore nehu grounds. Ultimately, two small col-

lections were obtained, one through the interest

of Captain Noboru Tsue of the M/Y "Buc-

caneer,” the other from biologists of the Terri-

torial Division of Fish and Game (Honolulu).

Examination of these specimens proved them to

be not only distinct from nehu but also new
to science. It is the purpose of this paper to

describe and distinguish this new Hawaiian

anchovy.

In addition to the collectors, thanks are due

also to Drs. Albert L. Tester and William A.

Gosline of the University of Hawaii, the former

for making available meristic data for nehu, the

latter for examining specimens of Anchoviella

mauli. I am also grateful to Mr. John G. Simp-

son of the Inter-American Tropical Tuna Com-
mission for data on Central American Ancho-

viella.

METHODS

All meristic data were enumerated from spec-

imens stained with alizarin. Articulated and

nonarticulated fin rays were not differentiated,

and those rays split to a single base were counted

as single rays. All gill rakers, including rudi-

ments, were counted from the first arch on the

right side. Distinction between the upper and

lower limbs of gill arches was made on the

presence of 1-3 rakers with bases embedded in

connective tissue between the two portions of

the arch. Because most specimens had lost their

scales, the number of scale rows was obtained

by counting the scale pockets. The only meas-

urement needing description is maxillary length,

which was taken as a straight line between the

395
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Fig. 1. Distinguishing features of Hawaiian en-

graulid fishes. Compare head length, maxillary length,

and pectoral—pelvic interspace, a, Stolephorus purpu-

reus; b, Stolephorus buccaneeri.

snout tip and the most posterior portion of the

maxillary.

In a recent paper on the scientific name of

the nehu, Gosline (1951) mentioned several

problems incidental to the use of the term

Stolephorus, and pointed out the need for a

comparison between this genus and the related

Anchoviella. Although both species of Hawaiian

engraulids are referable to Stolephorus (Gos-

line, 1951; Weber and de Beaufort, 1913; Jor-

dan and Seale, 1925, 1926), it is desirable to

define this genus as exclusively as possible,' for

it has not been possible to undertake the needed

study of the several engraulid genera. As it is

here understood, Stolephorus includes those en-

graulid fishes having separate anal and caudal

fins, the dorsal origin anterior to that of the

anal, normal upper pectoral rays, bony scutes on

the mid-ventral line, maxillaries not extending

posterior of the gill opening, and a silvery stripe

lengthwise on the body. The genus lacks canine

teeth and free spines preceding the dorsal fin

(spines are sometimes present in S. tri and S.

haganensis (Hardenberg, 1933^) ). As far as is

known, the species of Stolephorus are Indo-

Pacific in distribution. The Hawaiian forms can

be distinguished from each other by characteris-

tics presented in the following key, Figure 1,

and Table 1. Differences between the new spe-

cies and its congeners are mentioned in the

species diagnosis.

KEY TO THE HAWAIIAN ENGRAULIDAE

1. Pectoral and pelvic fins far apart, distance

between tip of depressed pectoral fin and

pelvic base equal to twice eye diameter;

maxillary short, failing to reach anterior

edge of preopercle by a distance equal to

V:i to % pupil diameter, maxillary length

contained in head length 1.4-1.7 (usually

1.6) times; head short, its length con-

tained 4.1-4.7 (usually 4,1-4 5) times in

standard length Roundhead.

Stolephorus buccaneeri

,

new species

2. Pectoral and pelvic fins dose together, dis-

tance between tip of depressed pectoral

and pelvic base equal to M to 1 eye

diameter; maxillary long, just reaching

anterior edge of preopercle, its length

contained in head length 1.0-1.3 (usually

1.3) times; head long, its length con-

tained 3.4—4.0 (usually 3.5-3.8) times in

standard length .Nehu.

Stolephorus pmpmeus Fowler

Stolephorus buccaneeri

,

new species

Figs. 1, 2

holotype : USNM no. 177742, a male, 53.3

mm. in standard length, taken by seine 200 yd.

west of Lehua Island, Niihau, Hawaiian Islands,

on September 15, 1958, by Captain Noboru Tsue

and crew of M/V "Buccaneer” of Honolulu.

PARATYPES: USNM no. 177743, 19' speci-

mens, males and females, 44.7-58.9 mm. in

standard length, taken with holotype; USNM
no. 177744, 8 specimens, 40.5-51.5 mm. in

standard length, taken from stomach of Eu-

thynnus yaito captured 1 mi. off Makua, Oahu,

Hawaiian Islands, on September 10, 1958, by

Territorial Division of Fish and Game biolo-

gists aboard the M/V "Makua” of Honolulu.

DESCRIPTION: Counts made on S. buccaneeri

are recorded in Table 1, and detailed measure-

ments of the holotype and two paratypes appear

In Table 2. Dorsal rays 13 or 14; anal 14-16,

the last base usually with 2 rays; pectoral 14-17;

pelvic 7; principal caudal rays 9+1 + 9;

branchiostegal rays 11-13; gill rakers 16 or

17 + 2 or 3 + 23 or 24 (total 41-43); scales

in a longitudinal series 41-44, in a transverse

series 9 ( ? ) or 10 (?)

;

scutes on mid-ventral line
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TABLE 1

Counts Made on Hawaiian Species of Stolephoms 1
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1 Most data for purpureus were supplied by Tester. Both pectoral and pelvic fins were counted, except for the pectorals of
some purpureus

.

2-7 (usually 3-5); vertebrae 43 including uro-

style ( 1 specimen )

.

Head 215-257, snout 44-59, bony interorbital

48-58, postorbital head length (horizontal)

100-130, maxillary length 141-168, eye diam-

eter 54-79, snout to dorsal origin 473-534,

snout to anal origin 672-730, snout to pelvic

base 431-504, snout to anterior pectoral base

220-264, longest dorsal ray (2nd or 3rd ray)

119-168, longest pectoral ray 114-145, maxi-

mum depth 152-208, least depth of caudal

peduncle 75-98, maximum width 112-140 (all

measurements as thousandths of the standard

length, based on 22 specimens).

Teeth fine, noncaninoid, uniserial on pre-

maxillary, maxillary, and mandible, in small

patches and rows on palatines and hyoids, re-

duced to asperities on vomer; head naked, skin

rugose in parietal region; opercle and preopercle

without spines; pseudobranchiae well developed;

both surfaces of gill rakers finely denticulate;

mouth relatively small; posterior tip of maxillary
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smoothly rounded dorsally, truncate ventrally,

failing to reach anterior margin of preopercle

by Vl-2A pupil diameter; posterior tip of

mandible bluntly pointed, just reaching an-

terior edge of preopercle; ventral profile slightly

curved, the ventral mid-line moderately com-

pressed; scutes restricted to region between pec-

toral and pelvic fins, each with a posteriorly

projecting spine and a riblike lateral ramus

nearly reaching a pleural rib; caudal forked, the

sixth ray from the top and bottom with a fleshy

alar flap.

Scales deciduous, cycloid, with 11-13 radiat-

ing striae, the anterior 2 or 4 sometimes con-

necting centrally; anterior scale margin not

crenulate; anterior half of scale with fine, paral-

lel, dorsoventral grooves, posterior half with

coarse crescentic grooves; an elongate alar scale

above pectoral base, none (?) at pelvic base.

Ovarian eggs from a 49.3 mm. maturing

female were oval and measured about 0.5 by 0.3

mm. These eggs were whitish and opaque and

showed no signs of an oil globule when stained

with Sudan IV.

Color in formalin straw or white with a sil-

very band lengthwise from eye to caudal base,

band about 36 eye diameter in width at eye and

on caudal peduncle, but as wide as eye beneath

dorsal fin; tips of snout and mandible blackish,

a spray of fine black dots on occipito-parietal

region; dorsalmost scale pockets margined in

black, particularly on caudal peduncle; dorsal

and caudal rays black-spotted, a row of 14 or 15

black spots along anal base.

In life buccaneeri is said to be purplish blue,

in contrast to purpureus which is greenish or

brownish.

AFFINITIES: Comparative material of the

numerous species of Stolephorus was not avail-

FlG. 2. Holotype of Stolephorus buccaneeri, new
species (USNM no. 177742) from Lehua Island,

Niihau, Hawaiian Islands.

TABLE 2

Measurements, Expressed in Thousandths of
the Standard Length, Made on

Stolephorus buccaneeri

HOLO-
TYPE

PARA-
TYPE

PARA-
TYPE

Standard length (mm.).... 53.3 49.8 55.3

Head length 250 215 230
Postorbital length of head. 140 124 121

Eye diameter 67 60 54

Interorbital width 51 52 51

Snout length 46 48 49
Maxillary length 164 147 141

Maximum depth of body.. 187 169 181

Least depth of body 79 76 78
Maximum width of body.. 137 116 132
Snout to dorsal origin 529 488 528
Snout to anal origin 717 701 691
Snout to pectoral base 258 255 241

Snout to pelvic base 492 452 472
Longest dorsal ray 142 147 134
Longest pectoral ray 105 135 127

Sex male female male

able, and the relationships of buccaneeri were

determined almost solely from the literature. All

nominal species referable to the genus (as de-

fined above) were considered insofar as pos-

sible, but some poorly described forms could not

be allocated, nor did descriptions always agree

between authors. The authors cited below pro-

vided the information by which the species were

separated. The order of presentation is not neces-

sarily phylogenetic nor fully dichotomous.

Probably most distantly related to buccaneeri

are those species of Stolephorus having the

maxillary extending to the gill opening or nearly

to it: commersoni, waitei, rex, tri, baganensis,

and insularis (Jordan and Seale, 1926; Weber
and de Beaufort, 1913; Fowler, 1941; Harden-

berg, 1933 b). Another distinctive group in-

cludes evermanni and indicus, both of which

have the pectorals reaching or nearly reaching

the pelvic bases (Jordan and Seale, 1906, 1926).

According to Weber and de Beaufort (1913),

the pectoral fins of indicus do not reach the

pelvic base, but in their material the anal origin

was below the middle of the dorsal base, whereas

in buccaneeri the anal origin is slightly posterior

to the rear of the dorsal base. S. insularum, ex-

tensus, holodon, chinensis, nasuta, and aestuaria

differ from buccaneeri in having 20 or more anal

rays (Jordan and Seale, 1926; Fowler, 1941);
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and heterolobus
,
psendoheterolobus

,
zollingen

,

and purpmeus differ in having the maxillary

length contained 1.0-1 ,4 times in the head

length, as opposed to 1 .4-1.7 times for buc-

caneeri (Hardenberg, 1933#; Fowler, 1941).

5*. celebicus is listed by Hardenberg ( 1933*,

1933^) and Fowler (1941) as lacking scutes,

and would therefore be excluded from this dis-

cussion were it not for the fact that S. com-

mersoni occasionally also lacks these structures

(Hardenberg, 1933*) as does purpmeus (Table

1). The phylogenetic importance of scutes has

been stressed by Jordan and Seale (1925, 1926)

,

but it appears that their variation must be

understood before they can be used to effect

generic separation.

Some mention must also be made of Ancho-

viella munii. Although described as new from

Maui, Hawaiian Islands (Fowler and Bean,

1923), this species has since been synonymized

with Engraulis australis by Fowler ( 1934) ,
who

also pointed out that the specimens were mis-

labeled as to locality.

distribution: S. buccaneeri has been col-

lected only from the waters off the northern

Hawaiian islands of Oahu and Niihau, and its

true distribution is unknown. It also remains to

be demonstrated whether schools of offshore

anchovies are composed of buccaneeri or of pur-

pnreus or of both. Examination of a collection

of anchovies from Maalaea, Maui (where the

population is thought to be augmented from

offshore stocks), revealed only purpmeus. Judg-

ing from the place of capture of one type series

(200 yd. from shore), buccaneeri also may be

neritic.

REMARKS: It is a pleasure to name this new
anchovy buccaneeri after the M/Y "Buccaneer”

of Honolulu. It is suggested that "roundhead”

be used as a common name to distinguish this

fish from nehu.
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Studies on Pacific Ferns, Part II

Humata and Ctenopteris

G. Brownlie 1

The present paper continues the discussion

of problems discovered in nomenclature and

distribution of some groups of South Pacific

ferns. The first section covers several species

of the genus Humata, the second, species of

Ctenopteris, and the third clarifies an apparent

error as to the origin of a particular collection

of ferns from Aneityum Island in the New
Hebrides.
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A. species of the genus Humata

Although Christensen’s monograph on the

Pteridophyta of Samoa did much to clear up the

uncertainty as to the specific limits in the genus

Humata, it appeared that some aspects required

further investigation. The results of this in-

vestigation are given in this section, and the

present author feels that the position is now
clarified for Fiji, Samoa, and Aneityum. Insuf-

ficient material was available to be certain of the

true situation in New Caledonia, and it appears

necessary to await further collections from that

island before giving a definite verdict.

Huma'a sessilifolia (Bl.) Mett.

Davallia aemula Mett. Kuhn Linn. 36: 144,

1869.

Humata aemula (Mett.) Carr. In Seem. FI.

Vit. 335, 1873.

H. aemula was based on a collection by Mac-

Gillivray from Aneityum in the New Hebrides

and was distinguished by the possession of

longer stipes than is usual in H. sessilifolia. Very

' Botany Department, University of Canterbury,

Christchurch, New Zealand. Manuscript received May
12

, 1959 .

little material from the New Hebrides has been

seen, but an examination of Fijian specimens

shows the length of stipe to be extremely vari-

able, even on the same plant. This variability

is not apparent in Malaysia but occurs also in

New Guinea. In the Fijian examples fronds

were noted with stipes varying in length from

less than 1 cm. to 4 cm., sometimes on the same

specimen. In view of this grading of a character

previously thought to be distinctive, it appears

necessary to reduce H. aemula to a synonym of

H. sessilifolia.

SPECIMENS EXAMINED: New Hebrides

—

MacGillivray 64 (Kew), Milne 456 (Kew).

Fiji—Milne 215 (Kew), 251 (Kew), unnum-

bered (BM), Horne 805 (Kew), im Thurn 131

(Kew), Thurston unnumbered (Kew), Gibbs

866 (BM), Smith 742 (Kew, BM), 5406

( Kew )

.

Humata serrata Brack.

Humata serrata Brack. Expl. Exped. 16: 230,

1854; C. Chr. B. P. Bishop Mus. Bull. 177:

38, 1943 (in part)

.

Davallia botrychioides Brack, var. multifda

Carr. Christ Engler Bot. Jb. 23: 339, 1897.

Much of the confusion concerning this species

has been cleared up by Christensen, but he still

gives the distribution as Samoa, Fiji, and New
Caledonia. All Fijian specimens, however, have

the lamina of the fertile frond more reduced

than is the case with the Samoan material, and

they invariably lack the horn projecting beyond

the sorus. In general, specimens from New
Caledonia identified as H. serrata are smaller in

size than the Samoan ones and approach closer

to the local H. pusilla in the extreme serrations

of the sterile frond. In view of this it appears

preferable to restrict the name H. serrata to

Samoan material.

SPECIMENS EXAMINED: All from Samoa

—

U. S. Explor. Exped. 6 (Kew), Powell 136

400
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(Kew), Whitmee 36 (Kew, BM), 43 (Kew),

Christopherson 129 and 177 (BM), McKee
2969 (BM).

Humata botryckioides Brack.

Humata botryckioides Brack. Explor. Exped.

16: 231, 1854.

As pointed out above, this differs from H.

serrata in the extreme reduction of the lamina

of the fertile frond, giving it a more delicate ap-

pearance, and in the consistent absence of the

horn projecting beyond the sorus. Brackenridge’s

collection was made in Fiji and the specimens

seen from those islands match his plate perfectly.

SPECIMENS EXAMINED: All from Fiji—Milne

330 in part (Kew), Thurston unnumbered

(Kew), Graeffe 101 (BM), Smith 453 (BM).

Humata multiftda (Bak.) Carr, ex Brownlie.

Humata multifida Carr. In Seem. FI Vit. 335,

1873 (nomen).

Davallia multifida Bak. Syn. Fil. 467, 1874.

Humata botryckioides Brack, var. multifida

Carr. C. Chr. Ind. Fil. 354, 1906.

Baker originally distinguished this from H.

botryckioides by the larger, more compound

frond, and smaller sori with a horn projecting

beyond them. These distinctions, especially the

possession of a definite projecting horn, hold

good for material from Aneityum. The fertile

fronds are similar in appearance to those of

H. botryckioides with extremely reduced lamina,

but the projecting horn is very obvious, being

even longer than that seen in H . serrata. How-
ever, no specimens from islands other than

Aneityum have this type of frond and it appears

that the species Is restricted to that island or

possibly to the New Hebrides group.

SPECIMENS EXAMINED: All from Aneityum

—MacGillivray 43 (Kew, BM), Milne 294

and 367 (Kew ) ,
Milne ex herb. J. Smith un-

numbered (BM ) ,
Macleay unnumbered ( Kew )

.

B. species of the genus Ctenopteris

The genus Ctenopteris has not previously

been closely examined for the South Pacific area,

apart from Christensen’s clarification of names

for the Samoan species. It was quickly apparent

that several of the species from different islands,

described under different names, are in fact

identical. The following section covers the main
aspects cleared up in this genus, but further work
is required on material from the Society Islands.

Ctenopteris crassifrons (Bak.) Brownlie, comb,

nov.

Polypodium crassifrons Bak. Syn. Fil. 325,

1867.

Polypodium stenopteron Bak. J. Bot. 24: 183,

1886.

Polypodium purpurascens Nad. Copel. B. P.

Bishop Mus. Bull. 59: 100, 1929 (exclud-

ing Society Is.)

.

Copeland wrongly identified Baker’s P. sten-

opteron from Fiji with P. purpurascens. In his

monograph on the ferns of the Society Islands,

however, he states that the latter species has the

surface densely beset with minute black hairs,

whereas Baker’s type at Kew has both sur-

faces of the frond thickly covered with sizeable

reddish-brown hairs. This Is also the case in the

type specimen of P. crassifrons, which in addi-

tion has the soral characters identical with those

of P. stenopteron. Since P. crassifrons is the

earliest description, the name for both the

Fijian and the New Caledonian plants should be

Ctenopteris crassifrons.

SPECIMENS EXAMINED: All at Kew; Fiji

—

Thurston unnumbered (Baker’s type), Parkes

20820, Smith 4986 and 5178, im Thurn F. 26;

New Caledonia—Deplanche no. 2 (Baker’s

type), Herb. Macleay unnumbered.

Ctenopteris seemanni (J. Sm.) Brownlie, comb,

nov.

Polypodium contiguum Brack. Explor. Exped.

16: 6, pi. 2, 1854 (not of others).

Cryptosorns seemanni J. Sm. Bonplandia 9:

262,1861.

Polypodium lepidum Brause Notizbl. Bot.

Gart. Berl.-Dahlem 8: 139, 1922; C. Chr.

B. P. Bishop Mus. Bull. 177: 113, 1943.

Polypodium seemanni (J. Sm.) Copel. B. P.

Bishop Mus. Bull. 93: 69, 1932.

Christensen has already pointed out that the

Fijian P. seemanni and the Samoan P. lepidum

may not be distinct from one another. In fact,

the lengthened fertile segments which are char-
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acteristic of P. lepidum are shown also in

some of the Fijian specimens examined, notably

Horne 728 and Seemann 821. Although the

variability is greater in material from Fiji, I have

no doubt that there is only one good species

represented. The range of the species is extended

to Aneityum by two collections from that island,

previously identified as Polypodium blechnoides,

which have the characteristic elongated fertile

segments of the Samoan form.

SPECIMENS EXAMINED: All at Kew; Fiji

—

Brackenridge 7, Seemann 821, Horne 728, Smith

1898 and 6436; Samoa—Whitmee 128, Powell

unnumbered; Aneityum—Milne 317, Kajewski

886 .

Ctenopteris hornet (Bak.) Brownlie, comb,

nov.

Polypodium hornei Bak. J. Bot. 17: 298,

1879.

This species appears to be closely related to

the preceding one, and in fact may be only a

form of it, but as I have seen no material other

than Bakers type specimen, it is better retained

in the meantime as distinct. It differs in the

rounder sori, distinctly pubescent stipe, and the

more plentiful pubescence on the rachis. The

stipe is also markedly shorter.

SPECIMEN EXAMINED: Fiji—Horne unnum-

bered (Kew, Baker’s type).

C. ON A COLLECTION FROM
ANEITYUM ISLAND

During the course of the above investigations

the present author had reason to refer to Kuhn’s

two papers "Reliquiae Mettenianae” in which

several type specimens from Aneityum were as-

cribed to Cuming during the years 1858-60.

It was realised that these could not possibly have

been collected by Cuming at the time indicated

inasmuch as he had been in the Pacific in the

1830’s. Specimens with the same collection num-

bers as given by Kuhn were found at Kew and

at the British Museum ( Natural History ) ,
those

at Kew having no collector’s name but those at

the British Museum having MacGillivray’s name

added later. Through the kindness of the late

Mr. A. H. G. Alston, photographs of the speci-

mens of Humata aemula from the herbaria of

Mettenius and Kuhn were compared with the

sheets located in England. The example from

Mettenius’ herbarium had a printed label with

the number (64) and "Aneitum, New Hebrides,

Feb. I860” with "Mountain woods on trees”

added in writing in the same manner as on the

English sheets. Other labels had been added by

Mettenius. From the Kuhn herbarium the one

sheet had written labels only, so it appears that

those specimens may have been separated from

an original sheet. Although the numbers were

the same in every case, the dates varied on the

four sheets from December, 1858, to February,

I860, making it appear that the numbers were

given by the collector to everything that ap-

peared to be the same species. Comparison of

other sheets at Kew and the British Museum
showed the same discrepancy in dates.

An account of MacGillivray by Maiden (1909)

showed that he was resident in Sydney at the

time and was known to make trips to the Pacific

islands, so it appeared possible that he was re-

sponsible for the collections. In fact, in the

"Synopsis Filicum” Baker (1874) ascribed the

specimens to MacGillivray without indicating

the reason for his disagreement with Kuhn.

The final solution came with a comparison of

the writing on the original labels (the words

"Mountain woods on trees” appearing on most

of them) with correspondence from MacGil-

livray in the Hooker letters at Kew. This proved

conclusively that they were his collections and

that Kuhn’s ascribing them to Cuming in his

descriptive papers was an error.
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Observations on the

Toxic Sea Anemone, Rbodactis howesii (Coelenterata)

Edgar J. Martin
1

The sea anemone. Rbodactis howesii W. S.

Kent 1893 belongs to the phylum Coelenterata,

order Corallimorpharia, family Actinodiscidae.

This animal occurs on reefs in tropical areas

of the Pacific Ocean (Cutress, 1957). The pres-

ent study was done with specimens from the

reefs of the Samoa Islands. American Samoans

call R. howesii "matamalu” and attribute a

form of fatal poisoning to either suicidal or

inadvertent ingestion of the raw sea anemone.

Such cases have repeatedly been mentioned by

local medical authorities. However, cooking in

water destroys the poison and cooked "mata-

malu” is commonly eaten by the natives.

While on a tour of duty at the Hospital of

American Samoa, the author observed three

cases of this poisoning. Shortly after the alleged

ingestion of the sea anemone the patients went

into stupor which lasted from 8 to 36 hours,

depending on the case. During this period, knee

jerk and pupillary light reflexes were absent but

blood pressure and pulse rate were normal. All

patients finally went into prolonged shock. They

died with pulmonary edema. The clinical history

and course of the poisonings recalled paralytic

shellfish poisoning (Meyer, 1928). The phase

of stupor suggested that the poison had either

a curare-like action or affected primarily the

central nervous system. The long duration of

this phase suggested that the poison was differ-

ent from known paralytic marine poisons and

that it would be worthwhile to investigate it.

The paucity of research facilities on the is-

lands restricted us to a study of general prop-

erties of the poison. We hoped that informa-

tion so obtained would be adequate for both

comparing this poison with other "marine poi-

sons” and studying the conditions of preserva-

1 Formerly with the Department of Medical Services

of the Government of American Samoa, Pago Pago,

American Samoa. Present address : 7 Edmund Avenue,

Toronto, Ontario, Canada. Manuscript received March
17, 1959.

tion under which the highly perishable sea

anemone could be shipped overseas to research

laboratories with its poison intact. A bio-assay

had to be worked out, using what was avail-

able. Various snails and fishes and the toad

Bufo tnarinus L. (Oliver, 1953) 2 were tried.

All showed some response to the poison, but

that of B. marinus was the most suitable for a

bio-assay. When the toads were injected with

homogenates of sea anemone their survival time

showed a definite relation to the injected dose.

METHODS

The toads were captured the evening before

the experiments. From the time of their capture

till the end of the observations they were given

no food and were kept moist in darkness at an

environmental temperature of 25-30° C. Four-

teen to 16 hours after capture the toads were

weighed and injected intraperitoneally with

homogenates, five toads being used at each dose

level. After injection each toad was turned over

on its back at intervals, and its alertness and

ability to return to normal posture were noted.

The toads showed no change in behavior and

reactions for several hours after injection. Then,

suddenly, their responsiveness to change in

posture and their mean frequency of respiration

decreased, and within the following half-hour

to 2 hours they died. In most of the toads the

parotoid glands turned white immediately be-

fore or as death occurred.

For the bio-assay whole sea anemones were

homogenized in an Osterizer with 4 times their

volume of distilled water and then were further

diluted with 0.9 per cent NaCl solution for

easier handling. In assays with "fresh” sea

anemones the time elapsed from the harvesting

of a batch on the reef until the last injection

of its homogenate into the toads was 4-6 hours.

2
Bufo marinus was introduced on Tutuila, Amer-

ican Samoa, by D. H. Butchart in 1951 (Butchart,

1957), and presently abounds on that island.
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During this period the environmental tempera-

ture was 25-30° C The tolerance of toad per-

itoneal cavity to distension by the volume of

injected homogenate was estimated at about

8 ml. of homogenate for 100 g. of toad. This

set the upper limit of the doses at 8 /d. of sea

anemone per gram of toad.

Survival time was measured as the elapsed

time, in hours, from the moment of injection

until death. In recording this, actual survival

time was rounded out from the half-hour mark

to the nearest full hour. Observations were not

extended beyond 48 hours after injection. The

lowest dose which caused death in a high pro-

portion of toads within this period of time was

found to be 1 gl/g.

EXPERIMENTS AND RESULTS

1. Basic experiments showed the following

results
: ( 1 ) Toads of different weights, ranging

from 30 to 100 g., were equally susceptible to

the poison. (2) Various amounts of diluent

added to the homogenate did not affect the dose

effect curve. (3) Toads did not die after in-

jection of any of the following: (a) a clear

fluid which spurts from the sea anemone upon

touch and slight pressure; (b) a jelly-like sub-

stance which the sea anemone secretes upon

exposure to air; (c) sea water. (4) Homoge-

nates which were dialyzed with running chlo-

rinated rain water of pH 6 for 12 hours at

22° C. yielded the same dose effect curves as

the fresh material of the batches from which

they had been taken.3
It was noticed that the

pungent smell of the original material disap-

peared during the dialysis. ( 5 ) Homogenates

which had been heated in a boiling water bath

for 15 minutes caused no mortality among in-

jected toads.

2. For evaluation of "fresh” homogenates,

twelve batches of R. howesii, harvested on nine

irregularly spaced days, were assayed. Figure 1

summarizes the dose effect curves of these

assays.

A total of 225 toads was injected with doses

of 2, 4, and 8 /xl/g. Eight of them, with the

three doses distributed at random, survived for

3 pH was estimated with nitrazine paper.

more than 48 hours. A total of 75 toads was

injected with 1 gl/g, and 20 of these survived

for more than 48 hours. Only the data from

toads which died within less than 48 hours

were used for Figure 1.

The data of Figure 1 are derived from dose

effect curves from batches which were harvested

during all seasons of the year over a period of

14 months. Included were batches from a yellow-

brown and a dark blue variety of R. howesii,

both of which occur on the reefs of American

Samoa; from each of two different colonies of

sea anemones which grew a mile apart from

each other; and from a colony which had been

transplanted from its normal habitat on the

reef to the shore line of the lagoon and kept

there for 6 months. The narrow range of var-

iability of the dose effect curves indicates that

the poison content of R. howesii is not subject

to seasonal variations and that it is the same in

varieties of two different colors, in colonies of

different locations of the area, and in colonies

transplanted under the experimental conditions.

3. Evaluation of effects of preserving proce-

dures: Two portions of a given batch of sea

anemone were assayed to establish dose effect

curves of the fresh material (controls). Two
other portions of the same batch were preserved

under a given condition and assayed after 8-14

days of preservation ( experimental series ) . Dose

effect curves of the experimental series were

compared with those of the controls. The sig-

nificance of differences of mean survival time

at any one dose (Burn et al. , 1950) was esti-

mated by the t test. The 2 per cent level of P

was taken as the limit of significance.

4. Experiments with preserved homogenates:

( 1 ) Sea anemones were mixed with their weight

of sodium chloride. A 5 per cent sodium car-

bonate solution was added until the mixture

showed a pH of about 8. The mixture was kept

at 25-30° C. for 8 days, after which it was

dialyzed and assayed. It was found that the

survival times, as compared with the controls,

were significantly prolonged at doses of 2-8

fxl/g and that there was no mortality at the

dose of 1 /xl/g. (2) The same experiment was

done with a 2 per cent HC1 solution added un-

til the mixture showed a pH of about 5. It gave

the same results as the experiment at alkaline
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DOSE IN fJLl/g

FIG. 1. Relation of dose to survival time of Bufo
marinus injected with "fresh” Rhodactis howesii. At
each dose level, two dots show the highest and lowest

mean obtained in 15 assays. In each assay, five toads

were used at each dose level.

reaction. (3) Sea anemones were mixed with

3 times their volume of ethyl alcohol and kept

at 25-30° C. for 14 days, after which the mix-

ture was dialyzed and assayed. It was found that

mean survival times at doses of 4 and 8 /zl/g

were the same as in the controls, but at doses

of 1 and 2 /xl/g they were significantly prolonged.

(4) Sea anemones, without addition of any sub-

stance, were kept at 3° C. for 14 days, after

which they were assayed. The dose effect curves

were found to be the same as in the controls.

Among the preserving procedures tested,

refrigeration proved to be the only one suit-

able for our purpose.

DISCUSSION

The following discussion is based on the

assumption that the poison which caused death

of the toads is the same as that which caused

death of the humans. Its nature is unknown.

According to one classification, "marine poi-

sons” may be of infectious, allergic, or paralytic

type (Muller, 1935). Neither the symptoms of

our patients nor prevailing environmental con-

ditions suggested banal infectious agents as the

cause of the poisonings. Furthermore, persons

who repeatedly manipulated both the sea anem-

one on the reefs and its homogenates in the

laboratory with their bare fingers did not ex-

perience the sensation of being stung nor did

they manifest any skin lesions at later dates.

Thus it is uncertain whether the discharge of

the nematocysts of R. howesii is capable of in-

juring the human tegument and whether the

poison is contained in the nematocysts or in the

tissues (Phillips, 1956). But it is certain that

for human skin the allergenic potentialities of

R. howesii are negligible as compared with those

of some other sea anemones and of squids ( Son-

derhoff, 1936; Halstead, 1957).

The poison of R. hotvesii seems to be of the

paralytic type and, as is the case with the

paralytic poisons of mussels and clams, it can

be assumed that it is composed of more than

one toxic principle ( Sommer and Meyer, 1937 )

.

However, it differs from these in several

respects. In poisonings with R. howesii the

stage of stupor is long and cannot escape any

observer, while mussel and clam poisonings seem

more rapidly fatal, and a stage of stupor—if it

exists—seems not to be impressive (Meyer,

1928; Medcof et al.
,
1947; Tennant et al., 1955 )

.

The degree of toxicity of mussels and clams

changes with the seasonal variations of the

density of poisonous dinoflagellates in the plank-

ton (Sommer et al., 1937), but R. howesii

showed no seasonal change in toxicity.

Some toxic marine invertebrates have been

found to derive their poison from one or the

other of the following: their own tissue metab-

olism (Erspamer and Benati, 1953), the metab-

olism of a symbiont which lives in the tissue of

the invertebrate (Zahl and McLaughlin, 1957),

and the ingestion of poisonous plankton (Mc-

Farren et al., 1957 ) . By analogy it can be spec-

ulated that one or the other of these modalities

may apply to R. howesii.

Various sea anemones have been found to

contain homologues of amines and ammonium
bases of varying degrees of toxicity ( Ackermann

et al., 1923; Ackermann and Janka, 1953; Welsh,

1955) and high proportions of fatty acids and
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sterols ( Bergmann et al., 1956); and for the

sea anemone Metridium senile it was suggested

that a mucoprotein participates in the poison of

its nematocysts (Phillips, 1956). Substances

of these classes probably occur in R. hoivesii,

but it cannot be said whether they contribute to

its toxicity. Since R. howesii loses its toxicity

when heated, but not when dialyzed, it is sug-

gested that proteins may play an important role

in the composition of its poison.

From the clinical symptoms observed in our

patients we could not determine whether the

poison had a curare-like action or affected pri-

marily the central nervous system. The symp-

toms of poisoning in B. marinus could not be

interpreted, since we had no basis of comparing

them with the effects of pure drugs on the

toad.

The present preliminary study was terminated

when we had established that refrigeration was

suitable to preserve the poison of R. howesii

during shipment.

CONCLUSIONS

1. R. howesii contains a paralytic poison

which differs from other known "marine poi-

sons” of this category. The duration of the phase

of stupor observed in three cases of poisoning

in humans was comparatively very long. The
human skin is not affected by contact with R.

howesii.

2. The poison does not dialyze at pH 6 and

is inactivated within 15 minutes in the boiling

water bath. There is no detectable loss in toxic-

ity when the raw sea anemone is kept at 3° C.

for 2 weeks.

3. The poison content of R. hoivesii does not

depend on the color of the sea anemones and

shows no seasonal variations. The toad B.

marinus L. is suitable for bio-assaying R. howe-

sii.
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Corrections and Additions to the Flora of the Hall Islands

and to the Flora of Ponape

Benjamin C Stone 1

Since the publication of a check list of the

plants collected in Namonuito and the Hall

Islands (Caroline Islands) (Stone, 1959: 88-

104), certain corrections and additions have

come to the author’s attention. Owing to an

oversight, the collection of plants made on Nom-
win Atoll by F. R. Fosberg was not mentioned.

Fosberg visited Nomwin on May 29 and 30,

1946, and collected 52 specimens, including cer-

tain mosses and fungi. A brief report was issued

as carbon copies, but no critical determinations

were included in it. Most of the specimens are

now widely scattered to various institutions and

so were unavailable to the present author. How-
ever, only a few of these specimens have not

been previously mentioned. Since the collections

are currently being examined for the "Catalog

of the Micronesian Flora,” they will not be cited

here in detail.

HALL ISLANDS

DIOSCOREACEAE : Dioscorea sp. The yam,

probably D. bulbifera, was collected on Nomwin
(Fosberg no. 24589).

PIPERACEAE: Piper fragile Bentham. Hook.

J. Bot. 2: 234, 1843. This was first included

(Stone, 1959: 100) as a tentative determination.

It has now been substantiated by T. G. Yuncker

(1959: 92) on the basis of Fosberg’s no. 24580

from Nomwin. This species and P. ponapense

C.DC. are also to be found on Namonuito.

COMBRETACEAE: Terminalia Catappa L. Ob-
served by Fosberg on Nomwin.

The following corrections have been necessi-

tated by further study or in agreement with

recent research:

davalliACEAE : Nephrolepis hirsutula (Forst.

f.) Presl. Tent. 79, 1836. At the suggestion of

Dr. Fosberg, the plant previously cited as N.

1 Department of Botany, University of Hawaii.

Manuscript submitted June 9 , 1959 -

biserrata (Sw.) Schott was re-examined, result-

ing in this change. Even this, however, is per-

haps still doubtful, and the distinctions between

these two species and N. exaltata do not always

seem clearly applicable to certain Micronesian

specimens of this fern.

LEGUMINOSAE: Canavalid microcarpa (DC.)

Piper is listed by Kanehira ( 1935: 328), Glass-

man (1953: 300), Anderson (1951: i), and

Fosberg ( 1955 : 11) from various localities in

Micronesia. Fosberg’s specimen from Nomwin
(no. 24586) tentatively has been called C. mi-

crocarpa. This may represent a second species of

Canavalia in the Hall Islands, but the species

of Micronesia require a broad and careful study

to clarify their status and names. Kanehira ( l.c.

)

lists four species, one of which (C. megalantha

Merr.) is presumably restricted to Guam. Can-

avalia ensiformis (L.) DC. was reported from

Guam, Yap, and Jaluit. C. lineata (Thunb.)

DC. was reported from Guam, and later from

Truk (Hosokawa, 1937: 191). St. John (1951:

282) has recorded C. sericea Gray (the type

from Fiji) from the Marshall Islands. If the

Guam endemic is truly so, there are thus five

taxa to be considered, including C. maritima

(Aublet) Thouars, which is recorded from Po-

nape by Glassman ( 1952 : 74). That the genus

includes a number of Pacific species is not to

be doubted, but until a revision of the group

is initiated, some confusion must exist about

the occurrence and distribution of the Microne-

sian species.

EUPHORBIACEAE: Phyllanth-us amarus Schum.

& Thonn. This name should replace P. niruri

L. (cf. Stone 1959: 102) . G. L. Webster (1956)

has shown that the Pacific plants which gen-

erally have been called P. niruri belong actually

to P. amarus, and that the former is an Amer-
ican species apparently not occurring in the

Pacific. The plants from Ponape which have

been called P. niruri probably also should be P.

amarus.

408
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GOODENIACEAE : Scaevola sericea Vahl should

replace S. frutescens.

VERBENACEAE: Callicarpa candiean s

(Burmi.) Hochr. should replace C. cana.

PONAPE

During the early part of 1957 the writer had

the opportunity to botanize in Ponape. The

following records are intended as supplementary

to Classman’s excellent list of the flora ( 1952 )

.

Several hundred specimens were collected, but

only those of particular interest because of rarity

or which are new records will be cited here.

(S, indicates the author’s collection.)

HYMENOPHYLLACEAE: Cephalomanes borya-

num (Kunze) V.d.B. ( Ponape, Mt. Tolen-kiepw

trail, elev. 1,000 ft., growing on wet rocks, fronds

blackish-green in reflected light, yellow-green

and translucent in transmitted light, common,

23 March 1957, S. 1730.)

Trichomanes intermedium v.d.B. (Same lo-

cality and date, S. 1739.) These two determina-

tions by Dr. K. U. Kramer. A new record for

Ponape.

ASPLENIACEAE: Loxoscaphe sp. (vel aff. L.

joeniculaceum (Hooker) Moore, of Fiji.) (Same

locality and date, at a higher elevation of 1,700

ft., epiphytic, the pinnae stiff, S. 1743.) Not

previously listed for Ponape.

Prosaptia data (Bl.) Christ. (Same locality

and date, S. 1737.) Known previously from

Ponape and Kusaie, but sparsely represented

from Ponape. Det. K. U. Kramer.

Weatherbya accedens (Bl.) Copel. (Mt. To-

len-kiepw trail, elev. 1,700 ft., 24 March 1957,

S. 1745.) A small epiphytic fern (described

from Java) previously collected in Ponape by

Kanehira, Takamatsu, and Glassman.

OXALIDACEAE : Avenhoa Carambola L. The

carambola is planted around the Protestant

Church in Colonia.

NYGTAGINACEAE : Mirabilis Jalapa L. This

ornamental herb, so frequent in atoll villages,

is also to be seen in and around Colonia.

MELASTOMACEAE: Astronidium ponapense

(Kanehira) Markgr. (Mt. Tolen-kiepw, 1,700

ft. elev., 24 March 1957, S. 1749.) This, like

Melastoma, is called by the Ponapeans "kisetiku-

mai.”

leguminosae: Pongamia pinnata (L.) Merr.

Probably introduced by the German or Japanese

administrations, this tree occurs at the Agri-

culture Station and elsewhere. It may be con-

sidered an escape. Another tree which may be

a Dalbergia occurs at Madolenimw. ( P. pinnata

,

Agric. Sta., 25 March 1957, S. 1758.)

Mucuna ponapeana Hosokawa. A vine en-

demic to Ponape, this plant is of interest because

of its large handsome leaves and scarlet, fuzzy,

usually one-seeded pods. It deserves to be cul-

tivated as an ornamental. (Colonia, 500 ft. alt.,

24 March 1957, S. 1751.)

myrsinACEAE: Maesa carolinensis Mez. This

species is called "kahbolus.” (Mt. Nanalaut,

elev. 2,000 ft., 3 June 1957, S. 2004.)

RUBIACEAE: Ixora coccinea L. A yellow-

flowered low ornamental shrub planted around

the Agriculture Station grounds. (Agric. Sta.,

25 March 1957, S. 1752.)

GOODENIACEAE: Here, as in the Hall Islands,

the species commonly cited as S. frutescens

must now be called S. sericea Vahl, as S. frutes-

cens is apparently restricted to the Caribbean

area.

VERBENACEAE: Gmelina asiatica L. Planted,

and tending to escape, at the Agriculture Sta-

tion (S. 1788 )

.

PANDANACEAE: Pandanus patina Martelli.

(Summit of Mt. Nanalaut, 2,500 ft. elev., 5 June

1957, S. 2033.) This beautiful species is one

of the most perplexing of the Ponapean flora if

the question of origin is raised. Its disposition

in the genus sectionally is open to doubt. Mar-

telli placed it in Section Lophostigma, and Ka-

nehira retained this placement. Yet the plant

displays characters which make such a disposi-

tion seem precarious. Along with P. Kanehirae

Martelli and P. syozoi Kanehira of Palau, this

is one of the most interesting species of the

Micronesian flora. P. patina forms localized pure

stands on several summit areas in Ponape. Its

magenta, one-carpellate drupes contain a large

edible seed, comparable in flavor to coconut,

and sometimes important to hunters or travelers
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in Ponape. Seeds of this Ponapean endemic have

been germinated in Honolulu, and it is hoped

that one of these at least will be male, for the

male inflorescence of this species has never

been collected.

Glassman (1952: 111-112) thinks that some

of the coastal species of Pandanus may be forms

of P. dubius Spr., in reference to the numerous

species described by Martelli, Kanehira, and

Hosokawa. Probably the only "form” of P. du-

bius which might be found in Ponape would

be its close relative, P. tetrodon (Gaud.) Balf.

f., which has recently been collected in Kapinga-

marangi Atoll (S. 1940, male; S. 1941, female).

P. dubius

,

though frequent elsewhere in Mi-

cronesia (Palau, Guam, Saipan, Truk, etc.) has

apparently not been found in Ponape, though

it occurs on Nukuoro Atoll to the south (S.

1952). The coastal species found in Ponape are

manifestly of Section Pandanus. while P. dubius

and P. tetrodon are of Section Hombronia. P.

tetrodon is not found in Ponape, either. It is no

doubt true, as Glassman and Fosberg state, that

the great majority of the "species” are horticul-

tural forms; but that they are horticultural forms

of P. tectorius has not yet been shown. Current

research on this problem may eventually fur-

nish a solution.

CYPERACEAE: Scirpodendron ghaeri (Gaertn.)

Merr. This enormous sedge occurs in standing

water or mud near streams. It Is stemless with

erect (but eventually drooping) scabrous leaves

up to 14 ft. long, about 2 in. wide, with serrate

margins of small crowded teeth 0.5 mm. long,

and less than 1 mm. apart. The inflorescence is

a racemose spike of bracteate heads, on a sharply

triangular stalk 60 X 1.8 cm., subtended by a

leaflike bract about 8 ft. long. The nutlets are

1.3 X 1 cm., ellipsoid and strongly ribbed, con-

taining a single globose gray-black seed 0.7 cm.

long. (Net District, banks of Tawensokola

River, 17 April 1957, S. 1817.)
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Hawaiian Helminths, Part III

New Opecoelid Trematodes1

¥. E. Martin 2

The opecoelid trematodes described in this

paper were collected from Hawaiian fishes by

the author during a sabbatical leave spent mainly

at the Hawaii Marine Laboratory of the Uni-

versity of Hawaii. A recent review of the family

Opecoelidae by Skrjabin (1958) includes,

among others, keys to the genera Opecoelus and

Coitocaecum which contain four of the five

species described in the present paper. The fifth

species is assigned to the genus Pseudopecoe-

loides. A sixth species in this family, Dactylos-

tomum caballeroi

,

collected in Hawaii is

described elsewhere (Martin, in press).

The specimens described here were fixed in

Heidenhains’ solution, stained with either

Mayers paracarmine or Celestin Blue B, and

mounted in H-S-R mounting medium.

All measurements are expressed in milli-

meters,

EXPLANATION OF FIGURES

All drawings were made with the aid of a

camera lucida. Abbreviations used: A, acetabu-

lum; C, cecum; Ci
}
cirrus; CS, cirrus sac; E, ex-

cretory vesicle; G, genital pore; M, metraterm;

O, ovary; P, prostate; S

,

seminal vesicle; T,

testis; V

,

viteilaria.

1 These studies were aided by a contract between

the Office of Naval Research, Department of the Navy,

and the University of Southern California, NR 1 65-

252.

The opinions or assertions contained herein are the

private ones of the author and are not to be construed

as official or reflecting the views of the naval service

at large.
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Coitocaecum Nicoll, 1915

Coitocaecum banner

i

n. sp.

Figs. 1, 2

SPECIFIC DIAGNOSIS: Based on seven speci-

mens. Body smooth, oval, length 1.414-1.855,

av. 1.683, greatest width 0.399-1.071, av. 0.858;

oral sucker subterminal, length 0.21—.256, av.

0.241, width 0.196-238, av. 0.217; acetabulum,

length 0.308-392, av. 0.348, width 0.252-.357,

av. 0.329; prepharynx very short; pharynx oval,

muscular, 0.096-112, av. 0.106 long, and 0.088-

.112, av. 0.096 wide; esophagus nearly as long

as pharynx, glandular; ceca united near posterior

end of body; gonads in posterior third of body,

ovary pretesticular, smooth to weakly three-

lobed, immediately to right of midventral line,

0.148-224, av. 0.2 transversely, and 0.084-.126,

av. 0.105 anteroposteriorly; seminal receptacle

lacking; Laurer’s canal present; Mehlis gland

diffuse, lightly staining, immediately anterior to

ovary; proximal uterine coils contain many

sperm, uterine coils mainly intercecal and be-

tween ovary and acetabulum; metraterm short;

eggs operculate, yellow, 0.048-.058, av. 0.056

long, and 0.027—.032, av. 0.03 wide; viteilaria

richly developed, extending from about mid-

esophageal level to posterior end of body, usually

separated anteriorly but joining posteriorly, in-

vading intercecal zone; testes postovarian, tan-

dem to oblique, smooth to indented, posterior

testis usually larger than anterior, anterior testis

0.231-504, av. 0.334 long, and 0.108-252, av.

0.167 wide, posterior testis 0.175-49, av. 0.335

long, and 0.112-291, av. 0.216 wide; seminal

vesicle saccular, terminating shortly anterior to

or slightly overlapping the acetabulum; cirrus

sac short, cirrus weakly developed; genital pore

ventral, on left side of body at postpharyngeal

level; excretory bladder tubular, reaching to

ovary, opening at posterior end of body.

411
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Fig. 1. Coitocaecum banneri, ventral view.

FIG. 2. C. banneri, terminal genital organs.

HOST: Thalassoma duperrey (Quoy and Gai-

mard), a wrasse. Hawaiian name: hinalea

lauwili.

Three of seven fish infected; maximum
number of worms, 4.

location: Gall bladder.

LOCALITY: Kaneohe Bay, Oahu, Hawaii.

TYPE SPECIMEN: Coitocaecum banneri, de-

posited as no. 569, Hancock Parasitology

Collection.

Coitocaecum hawaiensis n. sp.

Figs. 3, 4

specific DIAGNOSIS: Based on four speci-

mens. Body smooth, spindle-shaped, length

0.801-1.435, av. 1.136, maximum width 0.385-

.469, av. 0.418; oral sucker subterminal, 0.107-

.13, av. 0.119 long, and 0.096-.12, av. 0.11 wide;

acetabulum near mid-body, 0.192-.256, av. 0.223

transversely, and 0.166- 192, av. 0.82 antero-

posteriorly; prepharynx short; pharynx oval,

muscular, 0.08-.104, av. 0.089 long, and 0.064-

.072, av. 0.071 wide; esophagus usually shorter

than pharynx; ceca extend laterally and poste-

riorly to unite a short distance posterior to

testes; gonads in posterior third of body, ovary

pretesticular, on right side of body, oval to

triangular, smooth, 0.084-.088, av. 0.086 long,

and 0.056—.08, av. 0.071 wide; Mehlis gland

immediately anterior to ovary; Laurer’s canal

present; seminal receptacle lacking; coils of

uterus confined to intercecal area between

gonads and acetabulum; metraterm about half

the length of the cirrus sac; eggs yellow, opercu-

late 0.048-.051, av. 0.05 long, and 0.024-.027,

av. 0.026 wide; vitellaria richly developed, ex-

tending from pharynx level to near posterior

end of body, invading intercecal zone, uniting

anteriorly and posteriorly; testes immediately

post-ovarian, tandem, smooth to slightly irreg-

ular, anterior testis 0.16 long, and 0.056-064,

av. 0.06 wide; posterior testis 0.128—.137, av.

0.132 long, and 0.08-.112, av. 0.093 wide; sem-

inal vesicle saccular, terminating shortly anterior

to or slightly overlapping acetabulum, sur-

rounded by large cells with large nuclei; cirrus

sac nearly as long as seminal vesicle and twice

as long as metraterm; genital pore ventral, on

left side of body at pharyngeal level, excretory

bladder tubular, reaching to ovarian level, open-

ing at posterior end of body.

HOST: Thalassoma duperrey (Quoy and Gai-

mard), a wrasse. In one of seven fish.

LOCATION: Gall bladder.

LOCALITY: Kaneohe Bay, Oahu, Hawaii.

type specimen: Coitocaecum hawaiensis, de-

posited as no. 5610, Hancock Parasitology

Collection.

Coitocaecum novae n. sp.

Figs. 5, 6

SPECIFIC DIAGNOSIS: Based on one specimen.

Body smooth, oval, 1.05 long and 0.476 wide;

oral sucker 0.144 by 0.128; acetabulum diameter

0.187; prepharynx short; pharynx oval, 0.048

long and 0.04 wide; esophagus approximately

as long as pharynx, glandular, ceca extend lat-
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Fig. 3. Coitocaecum hawaiensis, ventral view.

Fig. 4. C. hawaiensis, terminal genital organs.

erally and posteriorly to unite near posterior

end of body; gonads in posterior half of body,

ovary pretesticular, three-lobed; Laurer’s canal

present; seminal receptacle lacking; Mehlis

gland indistinct; uterine coils few, between

ovarian and acetabular levels; metraterm short,

relatively thick-walled; vitellaria extend from

pharyngeal level to near posterior end of body,

invading intercecal zone; eggs yellow, operculate,

approximately 0.049 long and 0.029 wide; testes

tandem, transversely elongate, lobed; seminal

vesicle extends posteriorly to anterior margin of

acetabulum; cirrus sac about twice as long as

metraterm; cirrus weak, about same length as

metraterm; common genital pore ventral, on left

side of body, at mid-esophageal level; excretory

bladder tubular, reaching to ovary, with thicker-

walled posterior portion, opening terminally.

HOST: Ctenochaetus strigosus (Bennett) . One
of fourteen fish infected.

LOCATION: Gall bladder.

LOCALITY: Kaneohe Bay, Oahu, Hawaii.

TYPE SPECIMEN: Coitocaecum norae, de-

posited as no. 5611, Hancock Parasitology

Collection.

The new species of Coitocaecum described in

this paper are unique in living in the gall blad-

der, all other species of the genus having been

recovered from the digestive tract. C. hannen

seems to be closest to C. orthorchis Ozaki 1929,

found in the stomach and intestine of Triden-

tiger ohscurus Temminck and Schlegel at Hiro-

shima, and Acanthogobius flavimanus T. and S.

from the fish market of Takamatsu City, Japan.

Besides the differences of host and location

within the host, C. banneri has larger suckers,

a longer cirrus sac, and smaller eggs than C.

orthorchis.

Coitocaecum hawaiensis also is close to C.

orthorchis and C. banneri. It differs from both

in having a well-developed cirrus sac and cirrus,

in having the seminal vesicle surrounded by

large cells, and in the union of vitellaria an-

teriorly.

Coitocaecum norae has lobed, transversely

elongate and narrow ( anteroposteriorly ) testes

that distinguish it from all other species of the

genus.

5 .

Fig. 5. Coitocaecum norae, dorsal view.

Fig. 6. C. norae, terminal genital organs.
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Opecoelus lanceolatus n. sp.

Figs. 7, 8, 9

SPECIFIC DIAGNOSIS: Based on four speci-

mens. Body elongate, narrow, smooth, 1.86-3.08,

av. 2.4 long, and 0.364-476, av. 0.394 maximum
width; oral sucker subterminal 0.096-112, av.

0.106 long, and 0.096-112, av. 0.103 wide;

acetabulum with five pairs of dactyls or papillae,

the three median pairs longer than others,

acetabulum 0.1 6-. 172, av. 0.164 long, and 0.16

wide; prepharynx short; pharynx oval, 0.064-

.08, av. 0.078 long, and 0.04-.058, av. 0.049

wide; esophagus approximately as long as phar-

ynx; ceca extend laterally and posteriorly to join

near the posterior end of body, rectum short,

anus ventral, near posterior end of body; gonads

in middle third of body, ovary pretesticular,

oval to slightly indented; Mehlis gland diffuse,

FIG. 7. Opecoelus lanceolatus, dorsal view.

Fig. 8. O. lanceolatus, terminal genital organs.

Fig. 9- O. lanceolatus, side view to show dactyls on
acetabulum.

immediately anterior to ovary; Laurer’s canal

present; seminal receptacle lacking; uterine coils

intercecal, mainly between ovary and acetabu-

lum; metraterm short but slightly longer than

cirrus sac; vitellaria extend from a short distance

posterior to the acetabulum to the posterior end

of body where they unite, mainly extracecal

but slightly invading intercecal zone anterior

to ovary and conspicuously between the testes

and posterior to them; eggs yellow, operculate,

0.042-.048, av. 0.047 long, and 0.029-.032, av.

0.031 wide; testes tandem, one or both with

indentation in posterior margin, anterior testis

0.179-288, av. 0.24 long, and 0.09-238, av.

0.188 wide; posterior testis 0.192-32, av. 0.232

long, and 0.1 12-224, av. 0.184 wide; seminal

vesicle elongate, tubular, usually extending pos-

terior to the acetabulum at least the diameter

of the latter organ; cirrus sac short, enclosing

prostatic cells and a weakly developed cirrus;

common genital pore on left side of body, at or

near posterior pharyngeal level; excretory vesicle

tubular, reaching to or near ovary, opening

terminally.

HOST: Mulloidichthys samoensis (Gunther),

a goatfish. Four of ten fish infected.

LOCATION: Intestine.

LOCALITY: Kaneohe Bay, Oahu, Hawaii.

TYPE SPECIMEN: Opecoelus lanceolatus
, de-

posited as no. 5612, Hancock Parasitology

Collection.

Opecoelus lanceolatus seems to be closest to

0. xenistii Manter, 1940, found in the intestine

of Xenistius californiensis (Steindachner) col-

lected at Tagus Cove, Albemarle Island, Gala-

pagos. It differs from O. xenistii in the follow-

ing ways : the vitellaria do not extend anteriorly

as far as the acetabulum, the metraterm is much

shorter, and the ovary is not trilobed.

Pseudopecoeloides tenuoides n. sp.

Figs. 10, 11

specific DIAGNOSIS: Based on eight speci-

mens. Body elongate, slender, smooth, some-

what constricted at gonad levels, 2.555-5.04, av.

3.47 long, and 0.16—.5, av. 0.3 wide; oral sucker

subterminal 0.22-28, av. 0.243 long, and 0.18-

.23, av. 0.193 wide; acetabulum pedunculate
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Fig. 10. Pseudopecoeloides tenuoides.

Fig. ILF. tenuoides, acetabulum showing pads.

with thick pads, 0.068—.118, av. 0.098 long, and

0.087-40?, av. 0.0?6 wide; prepharynx short;

pharynx 0.087-424, av. 04 long, and 0.65-081,

av. 0.068 wide; esophagus up to two-thirds

length of pharynx; ceca proceed laterally and

posteriorly to unite with excretory bladder near

posterior end of body; gonads in middle third

of body; ovary pretesticular, oval to spindle-

shaped, smooth, 0431-211, av. 048 long, and

0.062-443, av. 0.096 wide; Mehlis gland im-

mediately anterior to ovary; Laurer’s canal pres-

ent; seminal receptacle lacking; uterine coils

mainly between ovary and seminal vesicle; me-

traterm indistinct; eggs oval, operculate, 0.040-

.050, av. 0.044 long, and 0.025-037, av. 0.030

wide; vitellaria well developed beginning a little

posterior to the seminal vesicle and extending

to near the posterior end of body, interrupted

at gonad levels; testes spindle-shaped, smooth,

tandem, anterior testis 0487-336, av. 0.267

long and 0.093-446, av. 0415 wide, posterior

testis 0.218-348, av. 0.292 long, and 0.093-

424, av. 0411 wide; seminal vesicle tubular

with a coiled narrow duct; prostate cells fairly

numerous; cirrus rudimentary, a cirrus sac was

not observed; genital opening ventral, sinistra!,

approximately midway between suckers; excre-

tory vesicle tubular extending to or near ovary,

opening terminally as a cloaca.

HOST: Priacanthus cruentatus (Lacepede).

Four of seven fish infected; maximum num-
ber of worms, four.

LOCATION: Intestine.

LOCALITY: Kaneohe Bay, Oahu, Hawaii.

TYPE SPECIMEN: Pseudopecoeloides tenuo-

ides, deposited as no. 5613, Hancock Par-

asitology Collection.

Pseudopecoeloides tenuoides is closest to P.

tenuis, described by Yamaguti ( 1940) from the

small intestine of Pseudopriacanthus nipponicus

(Cuv. et Valenc), collected at Hamazima, Mie
Prefecture, Japan. P. tenuoides differs from P,

tenuis in having smaller eggs, a smaller oral

sucker, smaller acetabulum, and in having ace-

tabular pads.
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A Comparison of the Ammocoete and Macrophthalmia Stages of

Mordacia mordax and Geotria australis (Petromyzonidae)

R. Strahan 1

Very little is known of the biology of

the lampreys of the Southern Hemisphere. On
the available evidence (Strahan, 1959), there

appears to be only one species of Geotria, G.

australis Gray 1851, extending from Western

Australia eastwards to the Falkland Islands. Al-

most nothing is known of its distribution while

in the marine stage of its life history. The

northern limits of its distribution in estuaries

and rivers appear to be 32° S. on the west coast

of Australia and 37° S. on the east coast of Aus-

tralia and the North Island of New Zealand;

40° S. on the west coast of South America and

35° S. on the east coast. It extends southwards to

Tasmania, the South Island of New Zealand, and

Tierra del Fuego.

Three species of Mordacia have been de-

scribed. M. mordax (Richards) 1846 has a

north-south distribution similar to that of Geo-

tria australis but is restricted to the Pacific

coasts of Australia ( where it extends northwards

to about 34° S.) and of South America. The

other two species, Mordacia lapicida (Gray)

1851 and M. acutidens (Philippi) 1863, are

apparently restricted to the Pacific coast of South

America (Plate, 1902; Lahille, 1915; Holly,

1933; Mann, 1954).

In the course of the past century, Geotria

australis was divided into as many as seven

genera and nine species. This seems to have

been due partly to enthusiastic "splitting,” but

more to ignorance of the life history of the

species, which is now known to comprise well-

marked ammocoete, "macrophthalmia,” "vela-

sia,” and adult stages ( Masked, 1929; Strahan,

1959). In the almost complete absence of in-

formation on the life history of any species of

Mordacia, the possibility arises that a similar

confusion exists here. Mann (1954) has sug-

gested that the Chilean forms described as Mor-

' Department of Zoology, University of Hong Kong,

Hong Kong. Manuscript received April 16, 1959.

dacia are the late developmental stages of

Geotria, but this is unlikely since the dentition

of Mordacia is very characteristic, it being the

only lamprey with two supraoral laminae on the

buccal funnel. Certainly the situation cannot be

clarified until more is known of the development

of Mordacia.

Masked ( 1932 ) stated that the ammocoete

of Mordacia has one intestinal ( exocrine pan-

creatic ) diverticulum on the left side of the

oesophagus, and can thereby be distinguished

from the ammocoete of Geotria, which has both

right and left diverticula, and from the ammo-
coete of Petromyzon, which has no diverticula.

However, the question arises : How did Masked
know that the ammocoetes with only one diver-

ticulum were referable to Mordacia? The only

author to comment upon the external ap-

pearance of Mordacia ammocoetes was Ogilby

(1896), who stated that the dorsal and caudal

fins are continuous in the ammocoete but sepa-

rate in the adult. This is also characteristic of

Geotria. Some of Masked’s Mordacia ammo-
coetes were obtained from the Australian

Museum, Sydney, N.S.W. Since they were dem-

onstrably not Geotria, they could have belonged

only to M. mordax or, rather improbably, to

some undescribed Australian lamprey. Others

were obtained from the British Museum (Nat-

ural History ) ,
London, and their place of col-

lection is not recorded. It is probably fortuitous

that these were correctly identified. Conclusive

proof of identity depends upon establishing a

series of intermediate stages between the am-

mocoete and identifiable postmetamorphic in-

dividuals.

DESCRIPTION OF MACROPHTHALMIA OF

M. mordax

The author had the good fortune recently,

while revising the British Museum collection of

lampreys from the Southern Hemisphere, to find

416
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Fig. 1. A, Macrophthalmia stage; B, Ammocoete of Mordacia mordax.

a jar of ammocoetes labelled, "Geotria, 1925,

from Sydney, N.S.W.” For want of better knowl-

edge, this diagnosis might have been accepted,

had the jar not also contained a macrophthalmia

(a large-eyed, recently-metamorphosed stage)

which was markedly different from the macroph-

thalmia of G. australis. It possessed two tri-

cuspid supraoral laminae which showed it to be

a Mordacia, and three conical teeth anterior to

the supraoral lamina and separating the rows of

lateral tooth plates, which identified it as M.
mordax. This stage in the life history of the

species has not previously been recorded or

described.

The specimen, which is preserved in alcohol,

is of a uniformly pale yellowish-brown colour,

as are the ammocoetes with it. The body is

laterally compressed, much more so than in an

ammocoete of the same length. It is 122 mm.
long, being about 2 cm. shorter than the largest

ammocoete in the sample. The eye is large and

prominent and the iris has a silvery sheen. Meas-

uring from the anterior tip of the head, the

nasal aperture lies at 6 mm. and the centre of

the eye at 7 mm. Eight lateral line pits form

an infraorbital series and no other lateral line

organs are discernible. The branchial region ex-

tends from 12 mm. to 22 mm. The first dorsal fin

arises at 70 mm. and extends to 76.5 mm.; the

second dorsal fin extends from 88 mm. to 108.5

mm. and is contiguous with the caudal fin. All

the fins have distinct fin rays and are rather

triangular in profile, differing from the fins of

the ammocoete, which take the form of a low

quadrilateral. The anterior border of the cloacal

aperture lies 102 mm. from the anterior end

of the body (Fig. 1A).

The mouth aperture is oval in shape, being

longer longitudinally than transversely (Fig. 2).

When opened to its full extent, its diameter is

less than the diameter of the body. The mouth
is surrounded, except posteriorly, by small,

bluntly conical cirri lying just outside the rim

of the buccal funnel. Just within the rim is a

complete series of small, flat, fringed processes

lying closely side by side. Two large supraoral

tooth plates lie just anterior to the centre of the

buccal funnel, separated from each other by a

distance equal to the width of a tooth plate. Each

tooth plate bears three sharp-pointed cusps

which are directed posteriorly. From the shape

of the tooth plates, it appears that each tricuspid

plate may have arisen by the fusion of three

unicuspid elements. Anterior to the supraoral

tooth plates and in the mid-line are three small

unicuspid teeth arranged in a triangle with the

apex pointing anteriorly. On the right and on

the left side of the buccal cavity is a series of

five small bicuspid lateral tooth plates arranged

radially. Posteriorly, external to the infraoral

lamina, is a series of eight bicuspid tooth plates,

also having a radial orientation. The infraoral

lamina bears nine low, pointed cusps, the penul-

timate of these at each end being slightly higher

than the others. The anterior lingual tooth plate

has a finely serrated edge. The two posterior

lingual tooth plates cannot be seen very well in

the specimen.

COMPARISON OF MACROPHTHALMIA STAGES

OF G. australis AND M. mordax

The macrophthalmia of G. australis has been

described by Maskell (1929) and it is unneces-

sary to repeat the description here. Table 1

summarizes the differences between the ma-
crophthalmia stages of the two species.

Apart from the dentition, which alone is suf-

ficient to separate the macrophthalmia stages of
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5mm
Fig. 2. Ventral view of head of macrophthalmia of

Mordacia mordax.

the two species, another striking difference be-

tween them is the more posterior position of

the cloacal aperture in M. mordax. This is ex-

pressible in relation to the total length of the

body, in relation to the anterior border of the

second dorsal fin, or in the number of precloacal

myomeres.

COMPARISON OF AMMOCOETES OF
G. australis AND M. mordax

It was possible that the Mordacia macroph-

thalmia had been accidentally included in a

PACIFIC SCIENCE, Vol. XIV, October I960

sample of Geotria ammocoetes, but examination

of these showed that in the position of the cloaca

they closely resembled the Mordacia specimen

and differed from known ammocoetes of Geotria

(Table 2). Dissection of several of the ammo-
coetes revealed that each possessed only one

intestinal diverticulum, thus confirming Has-
kells original observation. Figure IB shows the

body proportions of an ammocoete 123 mm.
long.

DISCUSSION

It is unfortunate that the sample of Mordacia

ammocoetes contained no smaller specimens

which could be compared with small specimens

of Geotria. However, the great uniformity in

proportions over the length range, 100-160 mm.,

suggests that smaller ammocoetes of Af. mordax
would also be distinguishable by the position of

the cloaca. In adult specimens of Mordacia the

cloaca is found at 83-84 per cent of the length

of the body, there being no difference in this

respect between M. mordax, M. lapicida

,

or M.
acutidens specimens in the British Museum. In

the velasia stage of G. australis the cloaca

occupies almost the same position as in the

macrophthalmia and the ammocoete. Eleven

unpouched specimens had the cloaca at 77 ±
1 per cent of the total length. However, the

resorption of the tail tissues, consequent upon

the cessation of feeding in the adults, causes a

relative backward shift in the position of the

cloaca and the first dorsal fin. In 11 pouched

adults, these occurred at 79 zb 3 per cent of the

total length.

TABLE 1

Comparison of Macrophthalmia Stages of Mordacia mordax and Geotria australis
,
Based on One

Specimen of M. mordax and Six Specimens of G. australis

(Standard deviations calculated for all means)

M. mordax G. australis

Total length (T. L. ) 122 mm.
57% of T. L.

72% of T. L.

83% of T.L.

102

two, each with 3 cusps

absent

absent*

103 ± 5 mm.
58 ± 1% of T.L.

76 ± 1% of T.L.

76 ± 1% of T.L.

93 ± 2

one, with 4 cusps

present

present

Tip of head to origin of first dorsal fin

Tip of head to origin of second dorsal fin

Tip of head to anterior border of cloaca

Number of precloacal myomeres
Supraoral lamina

Pair of enlarged lateral buccal cirri

Coloured dorsal stripes

* The skin of this specimen is very similar to that of an ammocoete, having no metallic lustre. It is possible that the speci-

men is incompletely metamorphosed in this respect or that the specimen became decolourized by preservation.
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TABLE 2

POSITION OF THE Cloaca in Ammocoetes OF Mordacia mordax AND Geotria ausira is

M. mordax G. australis

Total Head to cloaca No. of Total Head to cloaca No. of

length precloacal length precloacal

(mm.) mm. % of T. L. myomeres (mm.

)

mm. % of T. L. myomeres

102 84 82 104 37 29 78 92

111 93 84 103 44 35 80 90

121 101 83 102 52 41 79 91

130 109 84 103
|

55 44 80 90

131 111 85 101 61 50 82 93

132 110 83 101 73 57 78 89

135 113 84 103 83 64 77 91

140 118 84 103 84 64 76 95

145 120 83 102 87 67 77 90

160 135 84 103 89 68 76 92

LI00 103 6 1.0 78 ± 2% 91 ± 1.7

It is noteworthy that the largest ammocoete

of M: mordax in the sample (160 mm. long) is

much longer than the largest ammocoete of

Geotria recorded by Maskell (1929 ) from New
Zealand (104 mm. long), or by the author,

from Western Australia (100 mm. long). This

is the opposite condition to that of the adults.

Fourteen specimens of M . mordax in the Na-

tional Museum of Victoria, Melbourne, ranged

from 21 to 42 cm. in length (average 33 zb 5

cm.), while 22 specimens of G. australis from

the same collection ranged from 34 to 58 cm. in

length ( average 47 zb 7 cm. ) . This condition

of a relatively larger larva and relatively smaller

adult suggests that, compared with Geotria, M.
mordax has a tendency to neoteny.

SUMMARY

A single macrophthalmia stage of Mordacia

mordax is described. Its dentition is very similar

to that of the adult and thus is different from

that of Geotria australis.

Although in general body form the ammo-
coetes and the macrophthalmia stages of the

two species are very similar, the cloaca is more
posterior in Mordacia

,

lying at 84 zb 1 per cent

of the total length of the body, well behind the

origin of the second dorsal fin, and with 103 zb

1 precloacal myomeres. Geotria has the cloaca

at 78 zb 2 per cent of the total length, just below

the origin of the second dorsal fin, and with

91 zb 1.7 precloacal myomeres. This character

serves to distinguish premetamorphic stages of

the two Australian species. It is also relatively

constant in older stages, except in the secondarily

shortened mature adults of Geotria .

The ammocoetes of M . mordax grow to a

greater length than those of G. australis, whereas

the adults are shorter. This suggests a relative

tendency towards neoteny in M. mordax.
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NOTES

Courtship Behavior of the Lined Shore Crab,

Pachygrapsus erassipes Randall

Richard V. Bovbjerg 1

In his definitive monograph on the biology

of the lined shore crab of the Pacific, an im-

portant member of the high intertidal com-

munity and useful to physiologists, Hiatt

( 1948) describes the copulation pattern of this

species from repeated observations. Having seen

little preliminary activity, he precludes exten-

sive prenuptial behavior. On the basis of several

observations of courtship behavior in this

species that I have made, the opportunity to

extend Hiatt’s data prompts this note.

These observations were made on crabs kept

in laboratory bowls in the course of ecological

work to be reported elsewhere. The following

sequence is typical of this courtship behavior.2

The pattern is overtly initiated by the male’s

approaching a female in a threat posture with

chelae extended. However, this is not followed

by the usual strike. The female is instead pushed

—one is tempted to say, gently—with the chelae

flexed horizontally. The female reaction to this

gesture is a deliberate retreat, in which she is

closely followed by the male. Lateral movements

by the female are countered by the male, in a

manner which may best be described as herding.

This initial phase may end in a radical escape

movement by the female, and as such is identical

to a male-to-male herding activity by the more

dominant individual. This first phase may last

from less than a minute to several minutes.

If the female is acceptant, the second phase

is marked by the cessation of herding and a

1 Department of Zoology, State University of Iowa,

Iowa City. Manuscript received November 13, 1958.
2
Dr. Richard A. Boolootian, Department of Zool-

ogy, University of California at Los Angeles, personal

communication, has observed at least some aspects of

this behavior and has recorded these in some of his

motion picture studies.

retreat by the male, closely followed by the fe-

male. The tempo of movement increases as the

activity becomes a courtship dance. The pair

moves in complete synchrony, chelae to chelae

but not grasping. The movements are of two

sorts: a forward and backward as well as lateral

walking, and a lateral swaying movement of

the body without walking. The intensity and

synchrony increase for a period up to a minute

or two. This phase is culminated during a back-

ward movement by the male as he rolls onto

his back with the female walking over him in

the characteristic dorsal copulatory position of

the female described by Hiatt (1948).

Sexual harmony is the striking product of

this behavior; in the courtship activities the

male at no time forcibly holds the female, nor

(in corroboration of Hiatt’s observations) is

there aggressive grasping during copulation.

However, the initial phase is definitely a type

of male aggression and may end in a strike or

a fight. In like manner, the postcopulatory male

behavior may return to the aggressive pattern.

While some pairs separate and proceed inde-

pendently, in others only one partner is re-

leased from the sexual sequence. In one instance

the female escaped following copulation and

the male transferred immediately to a second fe-

male. Conversely, another copulation ended

with the female still in the following sequence

and the male returning to the aggressive role

with a violent strike at the female. This close

relationship between sexual and aggressive be-

havior would seem to be characteristic of many
decapod crustaceans (Andrews, 1895; Chidester,

1911; Crane, 1941; Bovbjerg, 1946) and indeed

of many vertebrates.

No investigation was made of the cues in-

volved, though Hiatt (1948) notes sexual be-
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havior of males with males and with the cast

skin of a female. It is tempting to compare this

crab pattern to the now classical picture of the

stimulus-reaction chain of the three-spined

stickleback (Tinbergen, 1951).

The complexity of the sexual behavior of P.

crassipes seems to have no parallel among the

Crustacea with the exception of the genus Uca,

where Crane (1941) found species differences

in sexual posturing and a complex and variable

pattern of courtship. The behavior cited in the

present report may be equally variable under

natural conditions. The singularity of such com-

plex behavior patterns in crustaceans may be

more apparent than real when the amount of

investigation devoted to them is considered

relative to that given to insects and vertebrates.
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Flora Malesiana: A Review

Benjamin C. Stone 1

Flora Malesiana, "an Illustrated Systematic Account of the Malaysian Flora”; published under

the auspices of the Kebun Raya Indonesia, Bogor, Java, the Botanic Gardens of Indonesia, and the

Rijksherbarium, Leyden, Netherlands; prepared on an international cooperative basis; general editor.

Dr. C. G. G. j. van Steenis, Director of the Flora Malesiana Foundation; published by Noordhoff-

Kolff N.V., Djakarta. Published to date: three volumes of series I, eg., I (1), 1(4), and I (5), as

follows: 1: i-clii, 1-639 (1950); 4: i-ccxix, 1-631 (1948-54); 5: i-ccxlii, 1-595 (1955-58).

Volume I comprises a cyclopaedia of collectors, with introductory chapters on methods and

aims of the work, techniques of plant-collecting in the tropics, phytogeography of Malaysia, his-

tory of collections, desiderata for future collectors, and sources of information for the cyclopedic

part.

Volume 4 contains an introduction and general considerations ( by van Steenis ) ,
a history of

the descriptions of Malaysian plants (by H. C. de Wit), keys (by van Steenis), dates of publica-

tion of source works (by M. J. van Steenis-Kruseman and W. T. Stearn), and a series of taxonomic

revisions of more than 60 families (by various authors )

.

Volume 5 consists of a list of selected bibliography, abbreviations used in citations, a long

part on the philosophy of specific and infraspecific delimitation, and a supplement ( no. I ) to the

cyclopaedia of collectors, and further revisions (of 24 families, by various authors ) ,
with indices.

The series I, Spermatophyta, (and presumably the other series, to include other plant groups

)

contains, besides the various other types of information, the core of the work, which is a revised

modern systematic treatment of the plants of Malaysia, with keys, diagnoses, references, synonyms,

distributional notes, ecological notes, and information pertaining to the uses of both wild and cul-

tivated species.

The undertaking is an enormous one of the greatest importance, and the perseverance of the

editors and the quality of this achievement, in spite of considerable difficulties (not the least of

which has been the split in Dutch-Indonesian relations resulting in a lack of financial support ) has

excited both admiration and awe.

From a botanical point of view, the Flora commands the greatest respect. The editorial policy

is exemplary, resulting in a uniform treatment that makes for clarity; while the numerous scientists,

many working in Holland, but others in other countries, have maintained the highest standards in

their work. Especially valuable is the section in volume 5 on specific and infraspecific delimitation.

Although on occasion verging on redundancy, there is a great deal of wisdom in it, of both the

practical and the philosophical kind, drawn from long experience with tropical plants. This section

ought to be required reading for all botanists, especially those who are working with tropical

plants. At the end of this section 70 precepts are listed, intended both as guides for preparers of

the Flora and to botanists in general. The last two bear repeating here: "Phytography requires be-

sides a love and esteem for the metier, a memory for forms, great patience and care, a never-end-

ing self-criticism, continuous concentrated observation of details, a great tenacity for mastering

facts, as well as a balanced and unprejudiced outlook.” "Be always prepared to solicit disinterested

criticism from experienced colleagues whose work you admire. Try to conquer a natural, human
dislike and inertia to drastic improvements and emendations in agreement with your respon-

sibility.”

1 Department of Botany, University of Hawaii.

Manuscript received January 28, I960.
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Other significant points brought out are the need for monographic studies, rather than hap-

hazard or localized floristic articles; the utilization of all sources of information; the synthesis, as

well as the analysis, of data; brevity and clarity; conservative and meaningful taxonomy.

An interesting aspect of the work is the fact that at present it is printed entirely in English,

even though begun primarily by Dutch scientists. Equally valuable is the area encompassed by the

contents, including Java, Borneo, Sumatra, Celebes, the Malayan peninsula, the Philippines, New
Guinea, and the myriad lesser islands in this vast area. That political boundaries have been over-

looked in the favor of natural biogeographical areas is further evidence of the wise and broad per-

spective of the editor and his staff.

In the revisions, very full keys are presented, often two or three for each genus, in order to

make as easy as possible the identification of spec mens, whether sterile, in flower, or in fruit. The
completeness of the documentation is beyond r proach. Synonymy is included. Illustrations are

numerous; photographs and line drawings, both of very high quality, add a great deal to the value

of the revisions. A few new species are described in the revisions.

To date, mainly the smaller families have been treated, but several moderately large groups

—

the Burseraceae, Flacourtiaceae, and Rhizophoraceae—have been completed. They are published as

they are completed, rather than in any particular order. This procedure allows for the completion

of volumes of comparable size in serial order, rather than bringing out innumerable small un-

bound parts belonging to widely scattered volumes. The binding is in handsome green leatherette

and seems to be durable. The paper is of a high quality off-white nonglossy rag stock.

The only serious drawback to the work lies in its high cost, which in the United States amounts

to between $20 and $30 per volume. Because of the withdrawal of government support by the

Indonesian government, the price was raised beyond early expectations. Nonetheless, the intrinsic

value of the work, together with the fact that payment for future volumes will be extended over a

period of years, somewhat mollifies even the private buyer. For universities, museums, libraries,

and most taxonomists or other botanists interested in the Malaysian flora, the acquisition of the

series is almost mandatory. The series, when completed, undoubtedly will be the standard reference

work of its type for the area for centuries to come.
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pseudotunbridgense, 242—243

pumilio, 243

subdimidiatum, 243

Hymenosoma lacustris, 78

lassis zonaria, 108, 115

Ihlea magalhanica, 110, 117-118

Ipomoea pes-caprae subsp. brasiliense, 331—332
purpurea, 332
tuba, 332

Ischnothyreus lanutoo, 385

Janthoenas godmanae, 76

Lacertilia spp., 78

Lactuca sativa, 334
ILagenaria siceraria, 334
Lepturus repens, 322

var. occidentalis, 323

Leucauge tuberculata, 387
Linyphia tuasivia, 386
Lophopanopeus bellus diegen-sis, 3—17

leucomanus leucomanus, 3—17

Lord Howe Island, 75-85

Lycosa tongatabooensis, 385
Lygosoma lickenigernm, 78

Malvastmm coromandelianum, 330
Menemerus bivittatus, 386
Messerschmidia argentea, 332
Metabetaeus lohena, n. sp., 299-303

minutus, 299-303
Metridium senile,- 406
Microlepia speluncae, 244-245
Microsorium Scolopendria, 320
Mirabilis jalapa, 326

Mollicia microphthalmia, 386
Mordacia mordax, 416-420
Morinda citrifolia, 333

Mucuna mens, 328

Mulloidichthys samoensis, 414
Mycorrhiza, 248-250
Mysmena phyllicola, 386

Naso literatus, 277

rigoletto, 276-277

unicornis, 277
Nephila prolixa, 388

Nesozosterops strenua, 76

new genus:

Aitutakia, 38

6

Charadracams, 156—172

News Notes:

A Handbook of Hawaiian Fishes, 188-189

Pacific Insects, 189
new species:

Acanthurus chronixis, 267—269
Aitutakia armata, 386-387
Anthessius fitchi, 364-371

lighti, 351-356
nortoni, 357-364

Athanas rhothionastes, 142—146

verrucosus, 147—149
Candacia guggenheimi

,

285-288
280-285

Cottocaecum banneri, 411-412

hawaiiensis, 412
norae, 412-413

Epizoanthus gabrieli, 98-99
indmatum, 95—98
leptoderma, 93—95

Hymenophyllum howense, 244

Metabetaeus lohena, 299—303
Opecoelus lanceolatus, 4 14

Pandanus ( Australibrassia ) cochleatus, 236—239
conicus, 234-236

(.Lateriobtutus ) biakensis, 231-234

{Maysops) Zea, 239-241
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Parazoanthus lucijicum, 90-93

Pinnixa darwini, 39—42

Prionalpheus triarticulatus

,

293-296
Pseudopecoeloides tenuoides, 414-415

Stolephorus buccaneeri, 395—399
Suttonia lineata, 28-38
Thysanozoon hawaiiensis, 308—309

new subfamily:

Charadracinae, 156—157

New Zealand, pelagic tunicates from, 101-121

Nicotiana glauca, 332

Ninox boobooc, 77

Notes:

Courtship Behavior of the Lined Shore Crab,

Pachygrapsus crassipes Randall, 421—422

Fatal Shark Attack, Oahu, Hawaii, December 13,

1958, 181-184

Flora Malesiana: A Review, 423—424

Introduction of the Marquesan Sardine, Harengula

vittata, to Hawaiian waters, 185-187

Nothofagus solandri var. cliffortioides, 248-250

Notornis albus, 75—76

Ochrosia oppositifolia, 331

Ocydromus ( Nesolimnas ) sylvestris, 76

Oikopleura dioica, 102-103, 113

fusiformis, 102, 110-112

Oleandra neriiformis, 245

Oonopinus oceanicus, 385

Opecoelus lanceolatus, n. sp., 414

Pachygrapsus crassipes, 3; 421-422

Pandanus, revision of the genus, 22 4—24

1

sections of the genus:

subgenus Lophostigma:

Aerostigma, 226
Asterostigma, 226
Cristata, 226

Lophostigma, 225, 226, 227, 228

Maysops, 227, 239
Microstigma, 227

Pulvinistigma, 227-228

Rykia, 228
Rykiella, 228

subgenus Pandanus:

Acanthostyla, 228
Australibrassia, 228, 234

Coronata, 228
Dauphinensia, 228
Poullioya, 22 6

Homhronia, 228—229
Intraobtutus

,

229
Lateriobtutus, 229, 231

Mamillarisia, 229
Martillidendron, 229
Multispina, 229
Pandanus, 228-230
Stephanostigma, 230
Vinsonia, 230

Pandanus ( Australibrassia ) cochleatus, n. sp., 236-

239
conicus, n. sp., 234-236

( Lateriobtutus ) biakensis, n. sp., 231-234
{Maysops) Zea, n. sp., 239—241

Pandanus brachypodus, 320
enchabiensis, 320
korrorensis, 320
odoratissimus var. novocaledonicus, 321

var. novoguineensis, 321

pulposus, 321

rectangulatus, 321

rhombocarpus, 321

Utiyamai, 321

Paraplanocera oligoglena, 308

Peasia reticulata, 308

tentaculata, 309
Phaseolus vulgaris, 328

Pholcomma soloa, 38

6

Pholcus ancoralis, 385
Phyllanthus amarus, 329-330
Phymatodes Scolopendria, 320
Physalis angulata var. angulata, 333
Physocyclus globosus, 385

Pinnixa darwini, n. sp. 39—42

faxoni, 41, 42

transversalis, 39-42

Pisonia grandis, 32

6

Pluchea indica, 334
odorata, 334

Poicilochroa rollini, 385

Polydora nuchalis, 122-128

Polynesian native dog, 193—223

Polypodium Phymatodes, 320

Ponape, flora of, 408-410

Ponera caledonica, 178—180

leae, 178-180

norfolkensis, 178-180
tenuis, 178-180

Porphyrio albus, 7y—l6
Portulaca lutea, 326—327

oleracea, 327

Priacanthus cruentatus, 415
Prionalpheus, n. gen., 292—293

samoensis, 327
triarticulatus, n. sp., 293—296

Pseudoceros affinis, 309
Pseudogramma brederi, 29

guineensis, 28, 29

polyacantha, 29

Pseudopecoeloides tenuoides, n. sp., 414-415

Pyrosoma atlanticum, 103—104, 113-114

spinosum, 104, 113-114

radioactivity at Eniwetok, 18-27

Raphanus sativus, 328

Rhegma bermudensis, 29

gregoryi, 28, 29

thaumasium, 29
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Rhipidura flabellifera cervina, 77

Rhizophora Mangle, 331

Rhodactis, howesit, 403—407
Rhynchelytrum repens, 323
Ricinus communis, 330

Salpa fusiformis f. aspera, 109—110, 117
Sapindus Saponaria, 330
Scaevola frutescens var. frutescens, 334

var. sericea, 334
Scotophilus morio, 75

Scytodes marmorata, 385
striatipes, 385

sea bird distribution in the northwest Pacific

55-67

Setaria verticillata, 323
Sida fallax, 330-331
Smeringopus elongatus, 385
Snyderidia canina, 373—381
Solanum Lycopersicum, 333
Sorghum bicolor var. technicum, 323
Stolephorus buccaneeri, n. sp., 395—399

purpureus, 395—399
Suriana maritima, 329
Suttonia lineata, n. sp., 28-38

suttoni, 28, 29

Syrorisa mumfordi, 383

Tacca Leontopetaloides, 324—325
Terminalia samoensis, 331
Tetragnatha macilenta, 387

panopea, 387
Thalassoma duperrey, 412
Thalia democratica, 108-109, 115-116

Theridion albostriatum, 38

6

aleipata, 386
Thorellia ensifera, 386
Thuarea involuta, 323
Thysanozoon hawaiiensis, n. sp., 308-309
Tribulus cistoides, 329
Tricachne insularis, 323

Tricholaena repens, 323

Triumfetta procumbens, 330
TUrdus xanthropus vinitinctus, 76—77

Typhlothrombium, status of, 156-172
histricinum, 156

Ocean,
Uloborus geniculatus, 383

Verononia cinerea, 334—335

Vespadelus pumilus, 75

Vigna marina, 328-329

Wedelia biflora, 335

Wucheraria bancrofti in Fiji, 391—393

Xanthidae, of California, 3-17

Xenophyes cascus, 81

Ximenia americana, 325

Zea Mays, 323

Zebrasoma flavescens, 21

6

rostratum, 276
scopas, 276
velliferum, 272

Zinnia elegans, 335

Zosterops lateralis, 77
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