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Editorial Note. Professor Emerita Ruth Dixon

Turner died on 30 April 2000 and was for the last

several months of her life severely disabled; in fact,

her active work as a researcher was considerably fore-

shortened by medical problems beginning in about

1995. Among her Nachgelassene Werke was an im-

portant manuscript on the systematics of the deep-

sea pholadid bivalve genera Xylophaga, Xyloredo, and

Xylopholas, a manuscript that she had been preparing

for a number of years and one that had the active

support of the U.S. Department of Defense's, then.

Office of Naval Research (ONR). Professor Turner

was unquestionably a leading world authority on

these taxa and had posted this document, in its pre-

liminary draft form, on a Web site; after her retire-

ment and the beginning of the illnesses that plagued

her, the manuscript was removed from the Web site

witli tlie mtent of readying it for formal publication. Two
outside authorities. Dr. Jorgen Knudsen of the Zool-

ogisk Museum, K0benhavns Universitet, K0benhavn,

Denmark, and Dr. K. Elaine Hoagland, then at the

Association for Systematic Collections, Washington,

D.C., were solicited to make criticisms, and these,

along with my own, were incoi-porated into a more

advanced revision of the text prepared by Ms. Helene

Ferranti, a long time coworker and associate of Pro-

fessor Turner. Ms. Ferranti agreed to revise this

Nachlass in accordance with the comments of the re-

viewers and to update its content and organization.

Having collaborated with Professor Turner on the

subject of deep-sea bivalves, Ms. Ferranti is credited

herein as the person responsible for the final com-

pletion and revision of this valuable text. The new
species described, for which specimens are available

for study in the Museum of Comparative Zoology

(MCZ), and the taxonomic suggestions incorporated

into the text are to be credited to Professor Turner.

Kenneth
J.

Boss

Editor

Abstract. The provisional grouping of the species

of the bivalve genus Xylophaga suggested by Turner

and Culliney is further elaborated, with 37 species

assigned to six groups depending on characteristics of
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the mesoplax, siphons, muscle scars, and method of

reproduction. Three cases of variation in species of

Xylophaga are discussed: variation in response to dif-

ferent substrates, variation that possibly is genetic,

and variation in a normal growth series. Some obser-

vations are made regarding the ecology of deep-sea

wood borers based on experiments carried out with

wood panels; these support the hypothesis that wood
contributes to the growth and diversity of deep-sea

organisms and that the Xylophagainae contribute sig-

nificandy to the food chain by converting wood to a

usable form. A section on systematics considers 19

species of Xylophaga, of which 7 are new, as well as

the monospecific genus Xylopholas and three species

of Xyloredo. Detailed descriptions are given of new
species.

INTRODUCTION

The Xylophagainae, a subfamily of the

Pholadidae, is composed of the genera Xy-
lophaga Turton, 1822, Xyloredo Turner,

1972, and Xylopholas Turner, 1972. Species

in the genus Xijlophaga range in depth
from just below low tide (X dorsalis Tur-

ton) to depths of 7,000 m (X grevei Knud-
son), whereas species in Xyloredo and Xy-
lopholas are restricted to the deep sea

(depths of 239 to more than 2,000 m).

Species in Xyloredo range in depth from
1,737 to more than 2,000 m (X nooi Turn-
er, 1972) and species in Xylopholas range

from 239 to 366 m (X altenai Turner,

1972), with one lot dredged in 2,550 moff

Port Victoria, Sao Tome, Gulf of Guinea.
However, the Sao Tome specimens were
boring in coconut shells and may not have
been living at that depth.

The Xylophagainae are marine, cosmo-
politan, and range from moderate to abys-

sal depths. All of the Xylophagainae, so far

as known, are wood borers, and all are

sublittoral. Only in high latitudes do they

compete with shipworms (Teredinidae) in

cold boreal waters. So far as known, the

Xylophagainae do not occur intertidally, or

in floating wood. Wood containing speci-

mens of the Xylophagainae usually has

been obtained by dredging. Occasionally,

specimens may be obtained from water-

logged wood that has been brought up and
thrown ashore during a storm after being
on the bottom for some time.

Until recently, the Xylophagainae were
considered to be deep-sea organisms of lit:

tie or no economic importance. They were
rare curiosities, of interest mostly in their"

role of recycling wood on the continental

shelf and slope and in the abyss, largely

beyond the depth range of the teredinids.

The Xylophagainae often were referred to

as shipworms and because of the ephem-
eral, patchy distribution of wood in the

deep sea were thought to have little im-

pact on ecological processes. With the ex-

tension of human activities into the deep
sea for fishing (especially trap fishing for

lobsters and crabs), as well as for archae-

ology, mining, monitoring currents, and
other activities, these borers are now gen-

erally considered to be pests.

Species in the genus Xylophaga (Xylo =

wood, phaga = eating) are restricted to

wood, woody plants, and structures made
of wood found in the deep sea. In com-
mon with the teredinids (shipworms), they

have symbiotic bacteria in their gills (Wa-
terbuiy et al., 1983). These bacteria are be-

lieved to have the ability to digest cellulose

and probably to fix nitrogen. Collaborative

work with Dr. Waterbury, microbiologist at

Woods Hole Oceanographic Institute, was
unable to culture cellulose-digesting bac-

teria from the gills of X atlantica, but ev-

idence was found of cellulose enzymes in

the gill tissue.

The three genera of Xylophagainae may
be briefly characterized as follows:

Genus Xylophaga Turton. Siphons rela-

tively short, of equal length or with the

excurrent siphon truncated, and often

capable of retraction between the

valves. Burrow seldom more than five

times the length of the valves and often

with a chimney of fecal pellets lining the
,

posterior end of the burrow.
|

Genus Xylopholas Turner. Shell typical

but with the animal extended and with

lateral plates on the siphons.

Genus Xyloredo Turner. Shell typical but

animal elongated and producing a tere-
j

dinidlike burrow that is lined with a cal-
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careous tube marked with distinct

growth rings and margined anteriorly

with a periostracal band.

The Xylophagainae are often confused

with teredinids, but the gills and digestive

and reproductive organs in the Xylopha-

gainae do not extend posteriorly beyond

the valves. In addition, the Xylophagainae

do not have pallets to close the entrance

to their burrows or apophyses for the at-

tachment of the foot muscles. In common
with the teredinids, but unlike species in

the pholadid genera Martesia and Ligno-

pholas, the only other genera of wood-bor-

ing pholadids, the Xylophagainae have a

large wood-storing cecum and probably

utilize the wood in which they bore as

food. For details of anatomy, see Purchon

(1941) for Xijlophaga dorsalis Turton, and

Turner (1955) for X atlantica.

SPECIES GROUPSIN THE
GENUSXYLOPHAGA

Genus Xijlophaga Turton. Xylophaga Turton, 1822,

Conchylia Insularum Britanicarum, p. 253 (type

species, Teredo dorsalis Turton, 1819).

Species in this genus are characterized

by teredolike shells that lack apophyses

and have a divided mesoplax that is vari-

able in shape and size. A chrondrophore

and internal ligament are present. The si-

phons are variable, united for part or all of

their length, with the excurrent siphon of-

ten truncated. The visceral mass and gills

do not extend beyond the valves posteri-

orly. The wood-storing cecum is large.

In his discussion of the taxonomy of Xy-

lophaga, Knudsen (1961) believed that the

use of subgenera was not feasible and
would only lead to the creation of a large

number of monotypic subgenera that

would be of limited value. This is still par-

tially true but new species described in

this report and the additional material now
available concerning other species have

made possible a provisional grouping of

the species, as suggested by Turner and
Culliney (1971). See also Hoagland and

Turner (1981) and Hoagland (1983). This

grouping is helpful when discussing rela-

tionships and geographic distribution. The
characters used for grouping the species

are those mainly of the mesoplax and si-

phons in conjunction with the muscle scars

and methods of reproduction (see Text-

Fig. 1). The mesoplax is a transverse plate,

usually wider than long, that straddles the

valves at the umbos and partially or com-
pletely covers the posterior end of the an-

terior adductor muscle. The mesoplax may
be composed of one or two parts. The im-

portant character of the mesoplax is the

presence or absence of a ventral portion

and tubes; the more detailed characters,

such as the presence of lobes, seem to be

of specific value only. Siphonal characters

include the relative length of the two si-

phons, the presence or absence of cirri at

the apertures, and the type of siphonal

folds, which may or may not have lappets

or fringes.

Not all characters are known for all spe-

cies and a few species seem to be transi-

tional between groups. There is no ques-

tion that more material is needed before

definite statements can be made concern-

ing the formal use of subgenera. However,

the grouping of species as presented here

does offer an opportunity to speculate on

the possible origin and evolution of the ge-

nus and to focus attention on the types of

information that should be considered in

future studies. Comparative anatomical

and molecular studies are greatly needed

but it probably will be some time before

these can be completed because well-pre-

served specimens of deep-sea Xylophaga

are rare and difficult to obtain.

If we consider species with simple si-

phons of equal length and a mesoplax of

two simple flat to slightly curved plates to

be the basic type, it is possible to group

the species in what appears to be a devel-

opmental series of six groups. This list

does not include all nominal Xylophaga.

The groups may be characterized as fol-

lows:
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siphonal retractor

pedal retractor

posterior adductor

umbonal reflection

anterior adductor

ventral adductor

1 bona! -ventral ridg

Text-Figure 1 . Nomenclature of parts of Xylophaga. (1) Internal view of left valve showing relative position of muscle scars. (2)

External view of left valve. (3) Dorsal view of animal with siphons retracted. (4) Lateral view of entire animal with siphons

extended.

Group 1. Mesoplax composed of two
simple flat or slightly cuived plates lo-

cated posterior to the anterior adductor

muscle and standing erect. Siphons of

equal length or with the excurrent si-

phon slightly shorter, cirri on one or

both siphons present or absent. Group
1 includes X. erecta Knudsen, X. con-

cava Knudsen, and X. gerda Turner n.

sp.

Group 2. Mesoplax composed of two
plates that may be curved, flat, sculp-

tured, or smooth, set at an acute angle

to each other, lack dorsal tubes and a

ventral portion, but cover the anterior

adductor muscle dorsally. Siphons of the

same length or with the excurrent si-

phon slightly shorter and with large cirri

on the sides of the excurrent siphon and
small cirri at the incurrent siphon.

Group 2 includes X. grevei Knudsen, X.

wolffi Knudsen, X. hadalis Knudsen, X.

galatheae Knudsen, X. murraiji Knud-
sen, X. africana Knudsen, X. pananien-

.sis Knudsen, and X. clenchi Turner and
Culliney.

Group 3. Mesoplax composed of two
nearly flat plates set at an acute angle to

each other forming an inverted V, with

tubes extending from the posterior dor-

sal surface or longitudinally folded with

anterior lobes or pores. Mesoplax lack-

ing a ventral portion and set in a tentlike

fashion over the anterior adductor mus-
cle. Siphons nearly the same length and I

usually with small cirri on both open-

ings. Group 3 includes X. supplicata

Taki and Habe, X. lohata Knudsen, X.

tuhidata Knudsen, X. bniuni Knudsen,

X. obtusata Knudsen, X. whoi Turner n.

sp., and X. profunda Turner n. sp.

Group 4. Mesoplax composed of two
plates that have a small to large ventral

portion, the dorsal portion being

smooth, folded, or lobed. Siphons of the

same length or with the excurrent si-

phon slightly shorter and with cirri or

papillae at one or both openings. Group
4 includes X. abyssorum Dall, X. dupli-

cata Knudsen, X muraokai Turner n.

sp., X. foliata Knudsen, and X. atlantica

Richards.
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Group 5. Mesoplax composed of two
plates that are more or less triangular in

outline, with a ventral portion ranging

froin very narrow to more than one half

the width of the dorsal portion. The ex-

current siphon may vary in length from
one half to three quarters that of the

incurrent siphon and have cirri, or it

may be truncated just posterior to the

valves and have dorsal lobes or folds ex-

tending from the truncation along the

dorsal surface of the incurrent siphon

for part or all of its length. Group 5 in-

cludes X. washingtona Bartsch, X ri-

kuzenica Taki and Habe, X. aurita

Knudsen, X. turnerae Knudsen, and X.

praestans E. A. Smith.

Group 6. Mesoplax composed of two
more or less ear-shaped plates some-
what coiled posteriorly. Excurrent si-

phon truncated near the posterior end
of the valves, continuing as lateral lobes

extending from the truncation along the

dorsal surface of the incurrent siphon.

These lobes may vary in width but are

always fringed. Group 6 includes X. dor-

salis Turton, X. depahnai Turner n. sp.,

X. guineensis Knudsen, X. mexicana
Dall, X. tipperi Turner n. sp., X. baijeri

Turner n. sp., X. globosa Sowerby, X.ja-

ponica Taki and Habe, and X. indica

Smith.

Most species are known only from the type

series and these have all been studied by
the author except X. indica, and the spe-

cies described by Taki and Habe. Howev-
er, paratype specimens received through
the kindness of Dr. Habe are in the col-

lection of the MCZ. They include X. ja-

ponica, X. rikuzenica, X. teramachi, and X.

supplicata, although unfortunately all lack

the mesoplax except the last. Two species,

X. teramachi Taki and Habe (Taki and
Habe, 1950) and X. tomlini Prashad (Pras-

had, 1932); are known only from the valves

and remain unassigned. A map showing
the distribution of species of Xylophaga is

provided in Text-Figure 2.

Nineteen of the 37 species oi Xylophaga

listed in the groups above as well as the

monospecific genus Xylopholas and the

three species of Xyloredo are considered
in the section on systematics. Some spe-

cies are discussed more fully than others

but the distinctive characters have been
given for all. For example, Xylophaga mex-
icana Dall and Xijlophaga abyssorum Dall

are fully described because these names
were based on valves only and were vir-

tually nomina dubia. By matching the

valves of the holotypes with complete
specimens, it has been possible to fix the

names of these species. If additional char-

acters or records are given for a well-de-

scribed species, a reference is made to the

original description. Detailed descriptions

are given for new species.

VARIATION

Knudsen (1961) aptly stated that very

little was known about variation in species

of Xylophaga. Unfortunately, large series

of any one species seldom have been avail-

able for study because inaterial usually is

obtained from small pieces of wood or oth-

er plant material that has been dredged or

occasionally thrown ashore as driftwood.

Of the 30 species listed by Knudsen and
the 7 species described as new in this pa-

per, 24 are known from fewer than 10

specimens; only 7 species are known from
series of more than 100 specimens. Most
are known from only one or two localities

and often all specimens are froin a single

piece of wood, and may all be of the same
set, that is, have settled at the same time.

Consequently, it is not surprising that all

specimens in any one lot are quite similar.

Only since the beginning of deep-sea test-

ing and the use of the submersible DSV
Alvin to place experimental wood islands

at great depths has it been possible to ob-

tain sufficient material to study intraspe-

cific variation in this subfamily.

The earliest work of this sort was done
by the U.S. Naval Civil Engineering Lab-
oratory (USNCEL) and the Navy Ocean-
ographic Office (NOO). Three cases of

variation based on this material are re-
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Text-Figure 2. Distribution map of species of Xylophaga.

ported here. The first case involves varia-

tion in response to different substrata, the

second case exliibits variation that possibly

is genetic because the substrate and all

other parameters were as nearly uniforin

as possible, and the third case illustrates

variation in a normal growth series.

Variation Due to Different Substrates.

Variation in Xylophaga mashingtona in re-

sponse to the substrate can be deinonstrat-

ed with material from the USNCELtests.

A series of 10 panels of different types of

wood were attached to a submersible test

unit (STU) that was submerged from April

1965 to May 1966 off San Miguel Island,

California (34°06'N, 120°42'W) at 2,370 ft

(730 m) (see Table 1 and Text- Figs. 3-9).

The 2 X 6 X 0.5-in (50.8 X 152.4 X 12.7-

min) wood panels were all attached to the

same rack on the STU so that they would
be resting just above the mudline. Con-
sequently, all factors affecting the borers

were as nearly identical as possible except

the substrate (i.e., the species of wood) on i

which the borer larvae settled and into
j

which they would bore. Text-Figures 3—8

illustrate typical specimens from each of

the wood panels; Text-Figure 9 shows
specimens from a phenolic laminated rod.

It is interesting to note that the dorsal

plates in all specimens are remarkably uni-

form, varying only slightly in length/width

proportions. Even the specimens taken

from the phenolic laminated rod could be
identified by the dorsal plates.

The general shape of the valves with the

high posterior slope also remained rather

constant except in the extremely steno-

morphic (stunted) specimens from Afam-
beaii and the phenolic laminated rod. It is

difficult to explain the proportionate size

of the larval valves on specimens boring

into harder materials except that these

speciinens had not greatly increased in di-
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Table 1. Variation of Xylophaga washingtona burrows in different types of wood.

Wood

No.
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Ash

5 mm
Text-Figure 4. Typical specimens of Xylophaga washingtona collected from submerged ash (top) and maple (bottom).

Oak

5 mm

Fir

5 mm

Text-Figure 5. Typical specimens of Xylophaga washingtona collected from submerged oak (top) and fir (bottom).
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Redwood

Greenheart

Text-Figure 6. Typical specimens of Xylophaga washingtona collected from submerged redwood (top) and greenheart (bottom).

Afambeau

0.1 mm

Text-Figure 7. Typical specimens of Xylophaga washingtona collected from a submerged panel of Afambeau.
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Antidesma pulvinatum

Text-Figure 8. Typical specimens of Xylophaga washingtona collected from a submerged panel of Antidesma pulvinatum.

ameter as they bored so that the lai"val

valves were not inturned with the growth
of the umbos. Evidently little or no attri-

tion had occurred at the umbonal area or

the embryonic valves would have been
worn away.

The most variable characters in this se-

ries are the size of the valves and the num-
ber of denticulated ridges on the anterior

slope in relation to the length of the valves.

Specimens from cedar, pine, ash, maple,

oak, and fir (Text-Figs. 3-5) all were drawn
to the same scale, as shown by the 5-miTi

scale bar, and are arranged in order of de-

creasing size. The nuiTiber of denticulated

ridges on the anterior slope of these spec-

iiTiens varies from 12 to 20. Specimens
froin redwood, greenheart, Afambeau, and
Antidesma pulvinatum (Text-Figs. 6—8)
"were drawii to their own scales and, al-

though these speciinens are much siTialler,

they have as many or more ridges on the

anterior slope. The specimen removed

from the phenolic laminated rod (Text-Fig.

9) has 44 denticulated ridges. Correlated

with the increased hardness of the sub-

strate and the additional denticulated ridg-

es is a proportional increase in the size of

the posterior adductor muscle and its scar.

This suggests the enlargement of the pos-

terior adductor inuscle in response to in-

creased activity of boring. The general

shape and sculpturing of the inuscle scar

was similar in all specimens. No noticeable

variation was found in the siphons, except

size, regardless of the substrate. However,
specimens that were able to bore deeply

into the wood usually formed a chimney
composed of compacted fecal inaterial lin-

ing the posterior end of the burrow.

Two periods of settlement apparently

occurred on some of the panels, because

specimens of two age groups could be
found. However, it is impossible to say

whether the specimens removed from the

Antidesma were of the second set or if
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1 mm

Phenolic Laminated Rod

Text-Figure 9. Typical specimens of Xylophaga washingtona collected from a submerged phenolic rod.

they had simply been unable to increase

in size because of the hardness, chemical

composition, or both of the wood. Because

the specimens apparently were alive at the

time the wood was reinoved from the wa-

ter and because only a few rows of dentic-

ulated ridges were present, the inference

was made that these specimens probably

belonged to a second set. Certainly the lar-

val shells shown in Text- Figure 8 must be
from a second set. The number of speci-

mens examined and the maximum length

and diameter of the burrows for each type

of wood are given in Table 1

.

Variation in the Mesoplax o/ Xylophaga
depalmai Turner n. sp. Approximately 300
specimens of X. depalmai n. sp. were ob-

tained from tests conducted by the NOO
about 2—3 miles east of Fort Lauderdale,

Florida (26°04'N, 80°04'W) in depths
from 100 to 500 ft (30.5 to 152.5 m) (see

Table 14 under the description of X de-

palmai n. sp. for information giving panel

numbers, depth, and dates of exposure).

In this species, the general shape of the

valves, the siphons, and the muscle scars

show little variation but the mesoplax is

extremely variable. The mesoplax is typi-

cally bilaterally symmetrical, ear-shaped,

longer than wide, with the two halves

coiled inward at the posterior end, and

with a long medial line where the two

halves meet (Plate 24, Figs. 16, 17). In nu-

merous specimens, the mesoplax was not

bilaterally symmetrical, but one half was

considerably shorter than the other and of-

ten appeared malformed (Plate 24, Figs.

11—15). In several specimens, the ventral

surface of the two halves of the mesoplax

was fused by the periostracal covering, al-

though the dorsal surface still appeared di-

vided. In other specimens, the mesoplax

was elongated, the coiled posterior ends,

instead of curling inward toward each oth-

er, remained nearly straight or curled

slightly outward, with the ventral surface

being completely fused (Plate 24, Figs. 1-

5). In two specimens, the two halves of the

mesoplax had completely fused dorsally

and ventrally, although the lines of fusion

remained clearly visible. The tapered pos-

terior end of this cornucopialike mesoplax

coiled slightly ventral and to the left.

Such variation is in marked contrast to

the uniformity seen in the mesoplax of X.

washingtona Bartsch. It is impossible to

say whether this variation is genetic or eco-

logic but we are able to say that all types

of the mesoplax of X. depalmai were found

in a single panel retrieved from a depth of

approximately 300 ft (91.44 m). Variation

in the mesoplax is a factor that must be
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taken into consideration when evaluating

species in this genus.

Variation Exhibited in Growth Series.

In most species of Xylophaga, the dorsal

plate is quite simple and the mesoplax of

the young is similar to that of the adult, as

seen for X. washingtona. Dons (1929a,b)

described briefly and illustrated a similar

situation in X praestans Smith and X. dor-

salis Turton.

Some species have more elaborate dor-

sal plates and for some of these (i.e., X.

muraokai Turner n. sp., X. hayeri Turner

n. sp., and X. abyssorum Dall), it is pos-

sible to build up what appears to be
growth series. All begin with a simple pos-

terior covering to the anterior adductor

muscle that is difficult to differentiate

among the species in the young stage. As

calcification of the periostrascal covering

progresses, the adult form gradually ap-

pears. In the three species mentioned, the

characters of the valves and the siphons of

the young agree with those of the adult

specimens. Therefore, although living ma-
terial has not been available and develop-

mental studies have not been possible, it

seems reasonable to consider these as

growth series. Xylophaga muraokai (Plate

19, Fig. 3) is relatively simple, with the

dorsal portion becoming thickened and
joining laterally with the basal portion

while the ventral flanges enlarge. In X.

hayeri (Plate 31, Fig. 3), the broad trans-

verse dorsal portion becomes very con-

spicuous and in X. abyssorum (Plate 15,

Figs. 4, 5), the dorsal incurving of the lat-

eral arms produce an elaborately lobed

mesoplax. Nothing is known of the allo-

metric changes that take place during

growth of the peculiar dorsal plates of X.

tiibulata Knudsen, X. bruuni Knudsen, X.

obtusata Knudsen, and X. whoi Turner n.

sp.

Detailed studies of these growth series

will have to await improved techniques for

handling living material under deep-sea

conditions, and the ability to rear deep-sea

species in the laboratoiy. In the meantime,
it seems best to consider these forms as

members of growth series rather than dif-

ferent species, particularly because the se-

ries in each case was built up from mate-

rial taken from a single piece of wood.

PRELIMINARY REPORTONTHE
RESULTSOF EXPERIMENTSONTHE
ECOLOGYOF DEEP-SEAWOOD
BORERSANDTHE ROLEOF WOODIN

THE DEEPSEA

The results of the first exposures of

wood panels at the Woods Hole Oceano-
graphic Institution (WHOI)-AZuin per-

manent bottom station south of Woods
Hole (39°46'N, 70°41'W, in 1,830 m) were
reported in 1973 (Turner, 1973). At that

time, the Xylophagainae were postulated

!

to be the most important deep-sea organ-

isms involved in converting woody plant

material to an available food source for

other organisms.

Pursuing this theory and to continue the

studies of the ecology and life history of

the Xylophagainae, wood panels were ex-

posed at the Alvin permanent station in

the Tongue of the Ocean, Bahama Islands,

on 19-22 January 1974 {Alvin dives 492,

493, 494, and 495) at a depth of 2,032 m.

The first of these panels was picked up on

7 March 1974, frozen immediately, and re-

turned to Woods Hole where it was ex-

amined. Newly settled larvae and meta-

moi^phosing Xylophaga with one to two

rows of denticulated ridges were removed
from the panel. The specimens were ap-

proximately 300 |JLm in length and the

greatest penetration was about twice the

depth of the shell. The debris rings sur-

rounding the burrows were much coarser

than those made by teredinids. The distri-

bution of the entrance holes was some-

what patchy and varied from 5 to 20 cm^.

The specimens were too young to identify

because none of the dorsal plates had been

formed but examination with scanning

electron microscopy showed a well-devel-

oped distinctive sculpture on the larval

shell.

This first panel from the Tongue of the

Ocean established that Xylophaga were
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just beginning to settle on the wood a max-

imum of 48 days after it was implanted in

the bottom and that settlement of larvae

could occur in early March, at least at this

site.

Three more panels were removed from
the Tongue of the Ocean station (Tower
1—west arm) on 19 April 1975 during Al-

vin dive 552. I was an observer on this dive

and as we approached the panels I noticed

an increase in the number of shrimp and
galatheid crabs. The panels had numerous
crabs crawling all over them. Some of the

crabs had crawled under the plastic mesh
bags covering the panels and had grown so

large they could not escape. (Note: After

the near loss of the panels at the northern

station because of the heavy attack of bor-

ers, the decision was made to put the pan-

els in plastic mesh bags so that the pieces

could be retrieved if they began to disin-

tegrate.) The specimens inside the bag
were carried to the surface v^dth the pan-

els. When the panel was disturbed, the

specimens on the outside of the mesh fell

off. The largest of the 12 crabs was 43 mm
in length. The diamond-shaped opening of

the mesh was 5 X 10 mm. The smallest

crab ineasured 8 mm in length; others

measured 40, 33, 32, 30, and 24 mm. It is

obvious that the crabs were finding suffi-

cient food either in or on the wood to grow
at a fairly rapid rate.

The first young crabs to find the wood
may have fed on the newly settled Xijlo-

phaga laiA^ae and this might explain the

patchy distribution of the borers in the

panels. However, the larger crabs would
not have stayed on the wood unless there

was something for them to eat. The crabs

had to be under 10 mmin leng-th to gret

under the mesh and if the larvae were not

settling until early March it would be at

least early May before the borers had
grown sufficiently to be a good food source
for the crabs. Therefore, I think we can
postulate that the largest crab measured
grew at least 33 mmin a period of 10

months.

Examination of the panels showed a

rather heavy attack of three species of Xy-
lophagainae. These included Xyloredo
nooi Turner and two Xylophaga species,

Xylophaga clenchi Turner and Culliney

and X profunda Turner n. sp. The X nooi

were typical with valves that reached 5

mmin length and burrows that were 18—

22 mmin length. The calcareous lining of

the burrow of the largest specimen was 13

mmlong and 2.5 mmin diameter at its

anterior end. The smaller species of Xy-
lophaga, X. clenchi Turner and Culliney,

also had been obtained previously from
wood exposed in the Tongue of the Ocean
by John DePalma of the NOO. This is a

fairly small species. The valves were 8—10
mmin length and several of the specimens
were canying lai"vae on the umbonal area

of the valves. The laivae measured 0.2 mm
in length. The large species o{ Xylophaga,

X. profunda Turner n. sp., had not been
seen before. The valves were 14 mmin

length, and one specimen measured 40
mmto the tip of the siphons. The burrows
were 45—50 mmin length. Both X clenchi

and X profunda lined the posterior end of

their burrows with consolidated fecal pel-

lets and the burrows of all dead specimens
contained one or more specimens of cap-

itellid worms that were feeding on the pel-

lets as well as the remains of the Xylopha-

ga. Often the spaces between the valves of

the borers were filled with the smaller fe-

cal pellets of the worms. Breaking these

balls of pellets apart, I always found one
or two capitellid worms. In the Xylophaga
burrows and on the surface of the wood,
I also found two other polychaete worms.
One belonged to the family Chiysopetali-

dae and the other to a family of polynoid

wonns.
A preliminaiy examination of the stom-

ach contents of a broken specimen of a

galatheid showed that the crab had ingest-

ed some fine chips of wood because iden-

tifiable cells remained in the material.

Consequently, we can postulate that the

crabs were feeding on the Xylophaga,
probably dead ones. The tissues of the Xy-
lophaga are so soft that they are unrec-
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ognizable in such a preliminary examina-
tion. The crab's stomach also contained se-

tae of the chrysopetalid worms, a small

nematode, and some sponge spicules. The
chrysopetalids probably were feeding on
the capitellid worms.

I think five points are worthy of notice:

1) Xijlophaga in the Tongue of the Ocean
as well as at the northern Alvin station are

growing much faster than one would ex-

pect. 2) The lai-vae of X profunda n. sp.

were settling in early March. 3) Xijlophaga

clenchi broods its young and was carrying

young in mid-April. 4) Probably the crabs

and worms were also growing faster than

normal for the deep sea. 5) A food chain

based on wood and Xijlophaga was being
developed.

This lends support to myhypothesis that

wood is an important source of enrich-

ment in the deep sea, that it contributes

to both the diversity of organisms in a giv-

en area and to their rate of growth, and
that the Xylophagainae are the most im-

portant organisms involved in converting

the wood to a usable form. To my knowl-
edge, this is the first documented food
chain for invertebrates in the deep sea. On
the basis of these simple experiments, it

now seems conceivable that the slow
growth rates usually attributed to deep-sea

animals may be due to lack of food, at least

for epifaunal forms, rather than being an
inherent characteristic of the species in-

volved.

SYSTEMATICACCOUNT

GENUSXYLOPHAGATURTON1822

Xytophaga concava Knudsen
Plate 1

Xijlophaga concava Knudsen, 1961, Galathea Report,

5: 167-169, figs. 4, 5 {Galathea, station 726, Gulf
of Panama [5°49'N, 78°52'W] in 3,270-3,672 m).

Holotype, Zoological Museum, University of Co-
penhagen; paratyjae, MCZ235796.

Distinctive Characters. Posterior slope

of valves concave when viewed dorsally

Mesoplax composed of two rather wide,
erect, curved plates that extend above the

umbos. Siphons nearly the saine length,

excurrent slightly shorter with a few large

cirri, incurrent siphon with many small cir-

ri (Plate 1, Figs. 2, 3). Chimney apparently

lacking, not mentioned by Knudsen and
not found with the single specimen re-

ported here.

Remarks. At the time Knudsen de-

scribed this species he had 4 specimens
from Galathea station 726 and 25 speci-

mens from Galathea station 739. Both of

these stations were given as in Gulf of Pan-
ama. However, station 726 is about 95
miles west of the Gulf of Tibuga, Golom-
bia, whereas station 739 is about 90 miles

west of Ensenada Guayabo, Panama. A
single specimen of X. concava was taken

by the RA^ Pillshury at station 526. This

locality is about midway between the two
Galathea stations.

The PiUsbury specimen agrees closely

with the description and figures given by
Knudsen (1961) except that the incurrent

siphon has a double row of about 25 small

cirri around the aperture and the excur-

rent siphon has 6 large cirri (Plate 1, figs.

2, 3). Concerning the siphons, Knudsen
stated that "both openings are at the distal

end, close together, and around theiu 15-

16 small cirri are present." In Knudsen's
illustration, the distal ends of the siphons

appear to be contracted; neither the two
openings nor the cirri are apparent. The
contracted condition of Knudsen's speci-

mens probably accounts for the differenc-

es noted here.

Xijlophaga concava is closely related to

Xijlophaga gerda Turner n. sp. but differs

;

in the size of the mesoplax, the type of

siphonal openings, and the chimney. (See

Remarks under x. gerda.) Xijlophaga con-

vava also is related to X. erecta Knudsen
(1961) from the Sulu Sea. Knudsen (1961) i

reported that no cirri were visible on the!

siphons of X. erecta, that the posterior ad-

ductor scar was much broader in X. con-

cava, and that the posterior slope of the

valve viewed dorsally was convex in X. er-

ecta rather than concave. Knudsen's de-

scription of X. erecta was based on 20
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specimens and unfortunately no further

records have been obtained.

Range. From off Ensenada Guayabo,

Panama, south to off the Gulf of Tibuga,

Colombia, in depths from about 915 to

3,670 m.

Specimens Examined. COLOMBIA: Galathea, sta-

tion 739, Gulf of Panama, about 90 miles Wof En-

senada Guayabo (7°22'N, 79°32'W) in 915-975 m
(dried specimens); Pillsbunj, station 526, about 110

miles Wof Cabo Marzo (6°53'N, 79°27'W) in 3,193-

3,211 m; Galathea, station 726, Gulf of Panama
(5°49'N, 7S°52'W) in 3,270-3,670 m.

Xylophaga gerda^ Turner new species

Plates 2, 3

Holofijpe. MCZ 328378. Paratypes,

MCZ316741, 316742.

Type Locality. Gerda, station 499, about

3 miles off Southwest Point, Great Baha-

ma Island, Bahama Islands (26°37'N,

78°56'W) in 155 fathoms (283.96 m).

Distinctive Characters. Posterior slope

of valves concave when viewed dorsally.

Mesoplax composed of two narrow, erect

cui-ved plates at the posterior end of the

anterior adductor muscle. Siphons of

equal length, with a periostracal sheath

and four or five cirri surrounding the ap-

ertures. Chimney composed of fecal ma-
terial agglutinized to a periostracal base

(Plate 2, Fig. 7).

Description. Shell globose, fragile,

reaching 3.0 mmin length and 2.8 mmin

height, umbos inflated. Pedal angle 110—
115°. Anterior slope with up to 45 rather

evenly spaced denticulated ridges. Umbo-
nal—ventral sulcus narrow and only slightly

depressed. Disc and posterior slope sculp-

tured with fine, incised growth lines. Pos-

terior slope high, flaring, and somewhat
ear-shaped.

Inner surface of valves smooth and glis-

tening. Umbonal—ventral ridge low and in-

distinct except near the wide, low ventral

condyle. Chondrophore and internal liga-

Table 2. Measurements of Xylophaga gerda.

Length
(mm)
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(none of the 19 specimens reached 4 mm
in length, whereas Knudsen gives 8.6 mm
for X concava) and in having a narrow me-
soplax that does not extend above the um-
bos. In addition, the excurrent and incur-

rent siphons of X. gerda are the same
length, are separate at the tip, and the ap-

ertures of both siphons have four or five

relatively large cirri. In X. concava, the si-

phons are joined for their entire length

and the excurrent siphon is slightly shorter.

The type of chimney produced by X gerda

is unlike any other known to date in this

genus.

Unfortunately, all the specimens of X
gerda are small, extremely fragile, and
rather poorly preserved. Consequently, it

has been impossible to do anatomical work
beyond that mentioned in the description.

One specimen from which the valves were
removed appeared to have an accessory

genital organ similar to that described by
Purchon (1941).

Range. Probably throughout the Carib-

bean in depths from about 283 to 2,072 m.

Specimens Examined. BAHAMAISLANDS; Ger-

da, station 499, about 3 miles off Southwest Point,

Great Bahama Island (26°37'N, 78°56'W) in 155 fath-

oms (283 m). UNITED STATES, FLORIDA: Gerda,

station 266, off Fowey Rocks, Florida Keys (25°39'N,

79°58'W) in 185-187 fathoms (338-342 m). LESSER
ANTILLES: Pillsbunj, station 944, 45 miles N of

Port Louis, Guadeloupe Island (I6°32,2'N,

61°36.8'W) in 364-421 m. PANAMA: Pillsbunj, sta-

tion 328, about 25 miles N of Punta San Bias, Gulf

of San Bias (9°55.8'N, 78°59.8'W) in 2,069-2,072 m.

Xylophaga grevei Knudsen
Plate 4

Xylophaga grevei Knudsen, 1961, Galathea Report,

5: 176, figs. 16-18 (Galathea, station 495, Banda
Trench, south of Geram [5°26'S, 130°58'E] in

7,250-7,290 m). Holotype, Zoological Museum,
University of Copenhagen.

Distinctive Characters. Mesoplax com-
posed of two triangular plates that are flat

dorsally, in contact the length of their iTie-

dian edge, bent downward on their outer

edge to meet the umbonal reflection, and
lack a ventral portion. Posterior adductor
muscle scar with oblique radiating impres-

Table 3. Measurements of Xylophaga grevei.

Length
(mm)

Height
(mm)

1,9 1.6 Galathea. station 444
12.5 11.0 holotype

sions. Siphons nearly the same length, the

aperture of the excurrent siphon much
smaller in diameter than the incurrent si-

phon and with about 6 cirri; incurrent si-

phon with about 35 small cirri. Young car-

ried on the uinbonal area of the adult.

Measurements. See Table 3.

Remarks. Through the kindness of Jor-

gen Knudsen, it was possible to borrow the

preserved dredged wood from the Zoolog-

ical Museum, University of Copenhagen.
In a small piece taken by the Galathea at

station 444, I found several additional

speciiTiens of X. grevei. They are much i

smaller than that figured by Knudsen, the

anterior slope is much narrower, and the

denticulated ridges are more widely
spaced. However, they appear to be young
but sexually mature specimens of that spe-

cies. From one to five rather large young
were attached posterior to the umbos on
the dorsal surface of the parent shells.

Xylophaga wolffi Knudsen, based on i

only two specimens, also was fro in Gala-

thea, station 444. It has valves, muscle

scars, and siphons similar to those of X.

grevei. The outstanding difference be-

tween these species is the flat plates of the

mesoplax of X. wolffi, which are set in

tentlike fashion at an acute angle to each

other. It has not been possible to compare
the type of X. wolffi with this new material

from Galathea, station 444, but it appears

that these two forms (i.e., X. grevei and X.

wolffi) may be equivalent to the condition

found in X. clenchi Turner and Culliney,

where occasional specimens have a bent,

flat-topped mesoplax (Plate 4, Figs. 5, 6).

Further collecting may show X. grevei and

X. wolffi to be forms of a single species.

The denticles on the ventral edge of the

mesoplax of X. wolffi described by Knud-
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sen may be an age factor but more mate-

rial is needed to prove this.

Range. Mindanao Sea south to the Ban-

da Trench, Banda Sea in depths from

about 545 to 7,290 m.

Specimens Examined. PHILIPPINE ISLANDS:
Galathea, station 444, Sulu Sea, Wof Basilan Island

(7°54'N, 121°30'E) in 5,050 m.

Xylophaga clench P Turner and Culliney

Plates 5-8

Xylophaga clenclii Turner and Culliney, 1971, Amer-
ican Malacological Union Annual Report for 1970,

p. 66 (U.S. NOOtest site. Tongue of the Ocean,

about 4 miles off northeastern tip of Andros Island,

Bahama Islands [24°54'N, 77°49'W] in 1,737 m).

Holotype, MCZ316743; paratypes, MCZ316744,

316745.

Distinctive Characters. Mesoplax small,

composed of triangular, nearly flat plates

lacking a basal portion; the two plates usu-

ally meeting at an acute angle in frontal

view. Burrow lined with a chimney of

coarse, loosely consolidated fecal pellets.

Young held on posterior dorsal surface of

the adult. Excurrent siphon shorter than

incurrent siphon and with two large papil-

lae on either side.

Description. Shell globose, reaching 14

mmin length and 13.5 mmin height, thin,

fragile, with a thin, light brown periostrac-

um that is thickened along the dorsal and
posterior margin of the valves. Umbos
prominent and strongly incurved. Pedal

gape angle about 108°. Beaked portion of

the anterior slope sculptured with numer-
ous denticulated ridges that are widely

spaced in the young, becoming increasing-

ly compacted toward the ventral margin in

older specimens. Specimens 5 mm in

length have up to 25 ridges. Posterior por-

tion of the anterior slope rather narrow.

Umbonal—ventral sulcus moderately to

deeply impressed becoming shallower
with age and bounded posteriorly by a

broad, low, rounded ridge. Disc and pos-

^ Named for Dr. William
J.

Clench, Curator of

Mollusks, 1926—1966, Museum of Comparative Zo-

ology, Harvard University.

terior slope sculptured with uniform, rath-

er pronounced growth ridges that are par-

ticularly prominent in young specimens.

Inner surface of valves smooth and glis-

tening. Umbonal-ventral ridge prominent,

distinctly segmented, and with a large ven-

tral condyle. Chondrophore and internal

ligament well developed. Posterior adduc-

tor muscle scar kidney-shaped in outline

and with irregular transverse, often anas-

tomosing impressions that become more
numerous with age. Pedal retractor scar

more or less oval in outline and located

just anterior to the embayment in the pos-

terior adductor scar. Siphonal retractor

scars small, not impressed, located just

posterior to the umbonal-ventral ridge

about midway between the umbo and the

ventral condyle.

Mesoplax small, composed of two flat to

slightly arched triangular plates lacking a

ventral portion, set in a tentlike fashion

and held in place by the periostracum and
the anterior adductor muscle. Plates usu-

ally meet dorsally at 90° (Plate 5, Fig. 3),

occasionally at an obtuse angle. They are

rarely bent longitudinally (Plate 8, Fig. 3).

Outer surface of plates sculptured with

ridges paralleling the anterior margin and
lining up with the denticulated ridges of

the valves w^here they come in contact.

Siphons short, extending only about one
third the length of the valves. Excurrent

siphon about one half the diameter of and
slightly shorter than the incurrent siphon,

with a well-developed sphincter muscle

surrounding the aperture and two large

papillae on each side (Plate 7, Fig. 3). In-

current siphon has minute cirri surround-

ing the aperture and a second set of larger

cirri anterior to them within the siphon

(Plate 6, Fig. 4).

Posterior end of burrow lined with

coarse, loosely compacted fecal pellets.

Young held by byssus threads on the pos-

terior dorsal surface of the adult shell

(Plate 7, Figs. 1, 2).

Measurements. See Table 4.

Remarks. This species is most closely re-

lated to X africana Knudsen from the
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Table 4. Measurements of Xylophaga clenchi.

Length
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species of Xylophaga can survive in a firm

muddy bottom if wood is not available. So

far as known, these are the only living

specimens of Xylophaga not taken from

wood or other plant material, except those

that were boring in plastic at the navy test

site off California and possibly those spec-

imens of Xylophaga foliata Knudsen that

came from a station in Macassar Strait

from which it was reported that no wood
was taken. The specimens from off Iceland

were removed from wood dredged by the

Ingolf Expedition in 1896. All specimens

were small, the largest being 2.5 mmin

length. Many had from 1 to 10 large young
attached to the valves in the umbonal area

(Plate 7, Fig. 2). This record extends the

range of the species far to the north but it

has been impossible to find any characters

to distinguish these specimens from those

occurring to the south.

The difference in the size of the young
attached to the dorsal surface of the spec-

imens figured in Plate 5, Figures 1 and 2,

and Plate 7, Figures 1 and 2, reflects the

age of the lan^ae, with those in the latter

plate having well-developed umbos and
appearing fully mature. It is interesting to

note the position of the larvae on the two
adults and to speculate that perhaps the

larvae move gradually toward the umbos
as they mature.

Range. From off Iceland south to Ve-

nezuela in depths ranging from 35 to

4,862 m.

Specimens Examined. ICELAND: Ingolf, station

67, S of Eyrabakki (61°30'N, 22°30'W) in 1,836 m.

UNITED STATES, NEWJERSEY: Albatross, station

2550, about 160 miles E of Barnegat Bay (39°44'N,

70°30'W) in 1,977 m. VIRGINIA: Albatross, station

2731, off Cape Henry (36°45'N, 74°28'W) in 1,428

m. NORTHCAROLINA: Atlantis II, station 131,

about 420 miles E of Currituck Sound (36°28.9'N,

67°58.2'W) in 2,178 ni; off Cape Hatteras (35°44'N,

75°15'W) in 35 m. GEORGIA: Pillsburij, station 104,

about 80 miles SE of Brunswdck (3r00'N, 79°50'W)

in 247 m. BAHAMAISLANDS: Tongue of the

Ocean, about 4 miles off NE tip of Andros Island

(24°54'N, 77°49'W) in 1,737 m; Tongue of die Ocean
(24°53.2'N, 77°40.2'W) in 2,066 m. BERMUDA:At-

lantis II, station 124, about 750 miles E of Cape
Charles (due N of Bermuda) (37°26'N, 63°59'W) in

Table 5. Measurements of
Xylophaga supplicata.

Length Height
(mm) (mm)

8.5 8.8 parat>pe MCZ194820

4,862 m; Atlantis II, station 119, just S of Bermuda
(32°15'N, 64°32'W) in 2,095-2,223 m. PANAMA:
Pillsbunj, station 328, about 25 miles off Punta San

Bias, Gulfo San Bias (9°55.8'N, 78°59.8'W) in 420-

640 m. VENEZUELA: Pillsbunj, station 719, about

100 miles N of Pertigalete Bay (11°35'N, 64°35.4'W)

in 770-890 m.

Xylophaga supplicata Taki and Habe
Plate 9

Metaxi/lophaga supplicata Taki and Habe, 1950, Il-

lustrated Catalogue of Japanese Shells No. 7, p. 47,

text-figs. 1, 2 (Tosa Bay, Shikoku, Japan, in 100

fathoms). Holotype, T Habe Collection; paratype,

MCZ194820; Knudsen 1961, Galathea Report, 5:

188.

Distinctive Characters. Mesoplax com-
posed of two flat triangular plates set at a

sharp angle to each other, dorsal margin

more than one half the total length, and

with minute tubules at the posterior end.

The tubules sit deep within the cavity

formed by the umbos and cannot be seen

when the shell is viewed anteriorly. Chon-
drophore of left valve with a large tooth

(Plate 9, Figs. 5, 6).

Measurements. See Table 5.

Remarks. Taki and Habe (1950) de-

scribed the dorsal plate of X supplicata

simply as a "small triangular protoplax

[
= mesoplax]" that is attached vertically. A

paratype received from Dr. Habe has small

tubes on the dorsal posterior end of the

mesoj^lax.

Xylophaga bniuni Knudsen, 1961, from

the Mindanao Sea is very close to if not

synonymous with X supplicata. Unfortu-

nately, Taki and Habe did not mention the

tubes in their original description and
Knudsen did not see the types. Also, un-

fortunately, Knudsen had only a single

specimen; hence, it will be necessaiy to

obtain more material before a definite

statement can be made concerning the sta-
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tus of X bniuni. (See also Remarks under
Xylophaga ivhoi Turner n. sp.)

Specimens Examined. JAPAN: Tosa Bay, Shikoku,

in 100 fathoms (183 m).
"

Xylophaga whoh Turner new species

Plates 10, 11

Holotijpe. MCZ275015.

Type Locality. R/V Atlantis, station

3471, off Cardenas, Matanzas Province,

Cuba (23°21'N, 80°56'W) in 500 fathoms

(914 m).

Distinctive Characters. Mesoplax com-
posed of two flat triangular plates with a

short median line, set at a shai-p angle to

each other and with a large hollow tube

extending outward from the posterior dor-

sal surface of each plate.

Description. Shell globose, reaching 7

mmin length and 6.2 mmin height, thin,

fragile, and with a veiy thin, light tan per-

iostracum. Pedal gape angle about 95°.

Beaked portion of the anterior slope sculp-

tured with numerous low denticulated

ridges; the posterior portion with fine in-

distinct ridges. Umbonal-ventral sulcus

only slightly impressed and irregularly

sculptured. Sculpture on the disc and pos-

terior slope consisting of pronounced
growth ridges. Umbonal reflection narrow,

closely impressed near the umbos, free

and vertical anteriorly.

Inner surface of valves smooth and shin-

ing. Umbonal-ventral ridge becoming ev-

ident only near the ventral margin but rap-

idly increasing in size to a large ventral

condyle. Chondrophore and internal liga-

ment well developed; chondrophore of the

left valve with a small tooth on the poste-

rior upper margin. Posterior adductor
muscle scar large, elongate, oval in outline,

irregularly sculptured, set high on the pos-

terior slope and well in from the posterior

margin. Pedal retractor scar rather large,

elongate, somewhat irregular, and located

Table 6. Measurements of Xylophaga whoi.

Leiiytli

(mil.)
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tionately shorter dorsal margin and larger

tubes. In addition, the posterior adductor

muscle scar is set well in from the poste-

rior margin and the umbonal-ventral ridge

is evident only near the ventral margin of

tlie shell but increases rapidly to a large

condyle. Xtjlophaga whoi Turner n. sp. dif-

fers from X. obtusata Knudsen in the po-

sition of the posterior adductor scar, the

shape of the mesoplax, the larger tubes on
the mesoplax, the narrower anterior slope,

and smaller umbonal reflection. The third

tubulate species described by Knudsen, X.

tubulata froni Macassar Strait, differs from
X. whoi in having very large tubules that

extend to the anterior margin of the me-
soplax and in having the plates bent lon-

gitudinally at a right angle so they are flat

dorsally rather than meeting at an acute

angle. Examination of a paratype specimen
of X. supplicata Taki and Habe, 1950, from

Japan shows that this species has minute
tubes on the mesoplax similiar to those in

X. briiiini and it may be synonymous with

that species. (See also under X supplicata

Taki and Habe.)

The specimen of X. whoi Turner n. sp.

taken by the RA^ Pillsbiinj from off Punta
Piedras, Colombia, had 13 young attached

to the umbonal area (Plate 11, Fig. 2).

Among the other species in this group
(Group 3), Knudsen (1961) reported that

the type of X obtusata had two young and
the type of X. bruuni had four young on
the dorsal surface of the adult shell,

whereas X. tubulata had five young at the

ventral base of the siphons in a depression

of the mantle tissue. The young at the base

of the siphons of X. tubulata were very

small, about one half the size of those on
X. bixiuni. They possibly had only recently

been extruded from the excurrent siphon

of the adult and had not yet crawled to the

dorsal surface of the adult. It has not been
proven that the juveniles clinging to the

mantle and shells of adult Xylophaga are

definitely the young of the specimen to

which they are attached, and this has been
questioned by some workers. However,
until the species concerned are cultured in

the laboratory, it is the only assumption

that can be made safely. The only way the

young of another specimen or species

could get into the burrow would be via the

incurrent siphon. For the veliger lai'vae of

another specimen to get to the umbonal
area, they either would have to pass

through the gills into the epibranchial

chamber and then out the excurrent si-

phon, or go through the digestive tract to

the excurrent siphon. Neither of these al-

ternatives seems likely. It is, of course, pos-

sible that the young of X. tubulata com-
plete their development at the base of the

siphons of the parent.

Range. From off southern Florida to

Colombia in depths from about 336 to

910 m.

Specimens Examined. UNITED STATES, ELOR-
IDA; Gerda, station 266, off Eowey Rocks (25°39'N,

79°58'W) in 185-187 fathoms (338-345 m). CUBA:
Atlantis, station 3471, off Cardenas, Matanzas Prov-

ince (23°21'N, 80°56'W) in 500 fathoms (914 m).

LESSERANTILLES: PiUsbunj, station 944, 45 miles

N of Port Louis, Guadeloupe Island (16°32.2'N,

61°36.8'W) in 364-421 m. COLOMBIA: PiUsbunj,

station 394, off Punta Piedras (9°28'N, 76°26'W) in

230-350 fathoms (419-640 m).

Xylophaga profunda Turner new species

Plates 12, 13

Holotijpe. MCZ316751.

Type Locality. Tongue of the Ocean, off

NE tip of Andros Island, Bahama Islands

(25°54'N, 77°49'W) in 1,722 m. From test

panel submerged from 26 July 1962 to 17

February 1965.

Distinctive Characters. Valves with a

well-impressed umbonal-ventral sulcus,

bounded posteriorly by a low broadly

rounded ridge. Posterior slope sculptured

with narrow, concentric grooves. Mesoplax
of two triangular plates, lacking a basal

portion, set at an acute angle to each other,

folded longitudinally with the anterior

margin bent inward and with a small pore

in each anteriorly. Umbonal-ventral ridge

on inner surface of valves narrow, high,

and strongly segiTiented.

Description. Shell globose, reaching
about 11 mmin length, thin, fragile, and
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Table 7. Measurements of
Xylophaga profunda.

Lengtli Height
(mm) (mm)

5.9 5.6 holotype

Tongue of the Ocean, off NE tip of

8.0 7.9 Andros Island, Bahama Islands

Tongue of the Ocean, off NE tip of

9.5 8.8 Andros Island, Bahama Islands

Tongue of the Ocean, off NE tip of

10.0 9.8 Andros Island, Bahama Islands

Tongue of the Ocean, off NE tip of

10.9 10.8 Andros Island, Bahama Islands

with a relatively heavy, light brown perios-

tracum. Pedal gape angle about 95°.

Beaked portion of anterior slope sculp-

tured with numerous strong, denticulated

ridges that are more closely spaced toward

the ventral margin in adults. Umbonal—
ventral sulcus narrow, deep, bounded pos-

teriorly by a low, broad, rounded ridge.

Posterior slope sculptured with widely

spaced, incised grooves. Umbonal i^eflec-

tion narrow, high, and strongly segmented.

Incised grooves of posterior slope ex-

pressed internally as faint ridges just pos-

terior to the umbonal—ventral ridge gi\^ng

a "back bone and ribs effect." Posterior ad-

ductor muscle scar broadly oval, set high

on the posterior slope, and lightly marked
with irregularly anastomosing depressions.

Pedal retractor scar lightly impressed,
dumbell-shaped, and located just anterior

to the midportion of the posterior adduc-

tor. Siphonal retractor scar large, elongate,

lightly impressed, and located about mid-

way between the posterior adductor and
the umbonal—ventral ridge. Chondrophore
large, that of the left valve with two small

teeth on the posterior edge.

Mesoplax composed of two triangular

plates lacking a basal portion, set at an

acute angle to each other, folded longitu-

dinally with the anterior margin bent in-

ward and with a small pore in each ante-

riorly at the outer edge of the fold.

Measurements. See Table 7.

Remarks. This species is superficially

similar to X abijssonini Dall but differs in

having a low, broad, rounded ridge poste-

rior to the umbonal—ventral sulcus, in lack-

ing the deep groove posterior to the um-
bonal— ventral ridge on the inner surface,

in having a pronounced sculpture on the

posterior slope, and in being larger. In ad-

dition, the inesoplax of X. profunda lacks

a ventral portion, has only a single pore in

each plate, does not produce tubes, and
appears narrow when viewed anteriorly.

Xylophaga profunda Turner n. sp. is

probably most closely related to X lohata

Knudsen from the Sulu Sea. Xijlophaga

profunda differs in having a mesoplax that

is much longer than wide, whereas in X
lobata the structure is wider than long.

Both species have a strongly segmented
umbonal—ventral ridge and a similarly

marked posterior adductor scar, although

in X. profunda the markings are more ex-

tensive and elaborate. Knudsen (1961)

compared his X. galatheae from the Tas-

man Sea with X lobata, noting differences

in the mesoplax and muscle scars. Unfor-

tunately, he had only a single complete

specimen of X. galatheae, so he could not

determine range of variation. Xylophaga
galatheae possibly is a young X. lobata but

more material from inteivening areas is

needed to ascertain this.

On the basis of the general shape and
attachment of the dorsal plates, X. profun-

da, along with X. lobata and X. galatheae,

appear to belong in species Group 3, al-

though X. profunda is not closely related

to any species in the group and is placed

here tentatively. The major differences in-

clude the sculpturing of the posterior ad-

ductor muscle scar, the presence of ante-

rior pores, and the lack of posterior tubes

on the mesoplax. The chondrophore of the

left valve of X. profunda has two small

teeth, a character that relates it to X. ivhoi

and X. supplicata, both of which have a

single large tooth. Unfortunately, Knudsen
did not mention the presence of teeth in

the three tubulate species he described.

Consequently, it cannot be stated definite-

ly that this is characteristic of the group.

The siphons of X. profunda are short.
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probably of the same length and capable

of complete retraction within the valves.

Unfortunately, none of the specimens was
sufficiently well preserved for anatomical

work. Four specimens carried young on

the umbonal area, the smallest had 5 and
the largest had 75. The young have pro-

nounced umbos, distinct concentric sculp-

ture, and measure about 0.30 mm in

length.

Xylophaga profunda Turner n. sp. is

known from five specimens taken from
one panel submerged in the Tongue of the

Ocean at 25°54'N, 77°49'W, and from 14

specimens taken from an asbestos-backed

panel submerged at 24°53.2'N, 77°40.2'W.

Specimens Examined. BAHAMA ISLANDS:
Tongue of the Ocean, off NE tip of Andros Island

(25°54'N, 77°49'W) in 1,722 ni; Tongue of the Ocean,

Tower 3 (24°53.2'N, 77°40.2'W) in 2,066 m.

Xylophaga abyssorum Dall

Plates 14-16

Xylophaga abyssorum Dall, 1886, Bulletin Museum
of Comparative Zoology, 12: 317, pi. 9, fig. 7, 7a

{Blake, station 215, off St. Lucia, Lesser Antilles

[13°51'N, 61°03'W] in 226 fathoms). Holotype,

MCZ8135; Turner, 1955, Johnsonia, 3(34): 156, pi.

93.

Distinctive Characters. Valves with a

proiTiinent ridge just posterior to the um-
bonal— ventral sulcus and with a slightly to

strongly concave profile posterior to the

ridge when viewed dorsally Umbonal—
ventral ridge on the inner surface devel-

oped only near the ventral condyle and
bounded posteriorly by a deep groove.

Mesoplax composed of two more or less

triangular plates having a ventral portion

and a variously lobed dorsal portion; lobes

varying with age and coalescing to form
pores or tubes (Plate 15, Figs. 4, 5).

Description. Shell globose but appear-

ing constricted posteriorly when viewed
dorsally, reaching 5.5 mmin length, thin,

fragile, and with a thin, light brown per-

iostracum. Pedal gape angle about 95°.

Beaked portion of the anterior slope sculp-

tured with fine, denticulated ridges, widely

spaced in young specimens but compacted

toward the ventral margin in older speci-

mens. Umbonal—ventral sulcus narrow,

rather shallow, and with a narrow promi-

nent ridge just posterior to it. Profile of

valves concave posterior to the ridge when
viewed dorsally. Posterior slope sculptured

with faint concentric growth lines, umbo-
nal reflection erect, the ventral margin of

the mesoplax meeting it and attached by a

periostracal fold. Umbos inflated, particu-

larly in young specimens.

Inner surface of valves white and glazed.

Muscle scars well marked. Posterior ad-

ductor scars somewhat pear-shaped, set

well in from the posterior margin, and
marked with irregular, elongate depres-

sions extending inward from the posterior

margin. Anterior adductor scar covering

most of the umbonal reflection. Pedal re-

tractor scar nearly circular and located just

anterior to the widest position of the pos-

terior adductor scar. Siphonal retractor

scar small, elongate, lightly impressed, and
located anterior and ventral to the pedal

retractor. Umbonal—ventral ridge not well

developed except near the ventral condyle

but bounded posteriorly by a deep groove

that is a reflection of the external ridge.

Chondrophore well developed, internal

ligament strong.

Mesoplax variable, with a well-devel-

oped, more or less triangular basal portion,

occasionally with lateral notches in young
speciniens. Dorsal portion developing and
vaiying with age; in young specimens, con-

sisting of lobes extending anteriorly from
the posterior ends of the plates (Plate 14,

Fig. 2) followed by lobed lateral folds

(Plate 14, Figs. 3-5, 7), which grow and
eventually coalesce to form pores or short

tubes (Plate 15, Figs. 4, 5, and Plate 16,

Figs. 4, 5). Aperture of the tubes in living

specimens covered by a periostracal mem-
brane.

Siphons short, about equal in length,

and capable of complete retraction within

the valves. Diameter of the incurrent si-

phonal aperture about twice that of the ex-

current siphon. The margins of both ap-

pear to have cirri.
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Table 8. Measurements of
Xylophaga abyssorum.

Length Height
(mm) (mm)

3.0 2.6 Pillsbury, station 944

3.0 2.9 Tongue of the Ocean, off NE tip of

Andros Island, Bahama Islands

3.3 3.0 Pillsbunj, station 944

3.9 3.2 Pillsbunj, station 944
4.0 3.5 holotype

4.0 3.6 Gerda, station 266
5.4 4.5 PiUsbun/, station 944

Measurements. See Table 8.

Retnarks. Dall based his description of

X abyssorum on two isolated valves of a

dead specimen, with the main distinguish-

ing character being the pronounced ridge

posterior to the umbonal—ventral sulcus.

All specimens that have been assigned to

this species since that time have been so

named on the basis of this ridge. Among
the specimens taken from boards sub-

merged in the Tongue of the Ocean off

Andros Island, Bahama Islands, by the

U.S. NOO(DePalma, 1969), was a single

specimen the valves of which coincided

with those of the holotype. Two specimens
were taken from wood dredged off Gua-
deloupe Island, Lesser Antilles. All of

these specimens have a pronounced ridge,

concave posterior slope, and lobed meso-
plax. With this new material, it has been
possible to redescribe X abyssonnn giving

the characters of the mesoplax and a range

of variation. Plate 14, Figure 6, illustrates

the dorsal view of the right valve of the

holotype of X. abyssorum; Figure 3 illus-

trates the dorsal view of the right valve of

the specimen from the Tongue of the

Ocean. These two valves so closely resem-
ble each other that, except for a slight dif-

ference in size, they could be from the

same specimen. Variations in the valves

and dorsal plates of specimens from Flor-

ida and Guadeloupe Island are illustrated

on Plates 14-16. Plate 15, Figure 5, illus-

trates the position in which the young are

carried on the adult. The largest number
of young on any one specimen was five;

the average measurement of the young
was 0.3 mmin length.

Xylophaga abijssorum has a small shell

but is a distinctive species, particularly in

the adult stage. It is probably most closely

related to X. lobata Knudsen from the

Sulu Sea but differs in having a sharp ridge

posterior to the umbonal—ventral sulcus

and a far more elaborately lobed mesoplax

in the adult. From X. profunda Turner n.

sp., the only other species with lobes on
the dorsal portion of the mesoplax, X
abyssorum differs in having broad dorsal

plates with two or more pores or tubes in

each. In addition, X. profunda is a much
larger species, the umbonal—ventral ridge

on the outer surface of the valves is broad

and rounded, and the deep groove on the

inner surface is lacking. The posterior ad-

ductor muscle scars of X. profunda are

lightly and irregularly marked, whereas the

inuscle scars of X. abyssorum are well

marked. In the young stage, the ixiesoplax

of X abyssorum is similar to that of X. baij-

eri Turner n. sp. and X. profunda, but the

valves of these species do not have a pro-

nounced ridge. The shape of the valves of

X. abyssorum somewhat resembles those

of X. japonica Taki and Habe but the me-
soplax of that species is ear-shaped and not

lobed. (See under X. japonica.)

Range. Based on the valves of dead
specimens lacking a mesoplax, the range of

this species extends from off Atlantic City,

NewJersey, south to St. Lucia, Lesser An-
tilles (Turner, 1955: 157). Living speci-

mens are known only from Florida, the

Bahamas, and Guadeloupe Island, Lesser

Antilles, in depths ranging from 342 to

1,722 m.

Specimens Examined. UNITED STATES, FLOR-
IDA: Gerda, station 266, off Fowey Rocks (25°38'N,

79°58'W) in 185-187 fathoms (338.3-342 m). BA-
HAMAISLANDS: Tongue of the Ocean, about 4

miles off NE tip of Andros Island (24°54'N, 77°47'W)

in 1,722 m. LESSERANTILLES: Pillsbunj, station

944, 4.5 miles N of Port Louis, Guadeloupe Island

(16°32.2'N, 61°36.8'W) in 360-420 m.



XylOPHAGAINAE • Turner 247

Table 9. Measurements of
Xylophaga duplicata.

Length
(mm)

Height
(mm)

3.7 3.5 holoty].ie

5.2 5.0 Gulf of Tehuantepec, Me.\ico

5.5 5.0 Gulf of Tehuantepec, Mexico

Xylophaga duplicata Knudsen
Plate 17

Xylophaga duplicata Knudsen, 1961, Galathea Re-

port, 5: 175, figs. 14, 15 {Galathea, station 745,

Gulf of Panama [7°15'N, 79°25'W] in 915 m). Ho-
lotype. Zoological Museum, University of Copen-
hagen.

Distinctive Characters. Plates of the

mesoplax elongate oval, with a large ven-

tral portion, somewhat inflated, diverging

anteriorly, and standing off from the sur-

face of the valves. Anterior adductor mus-
cle extending into the cavity of the meso-
plax. Anterior slope scLilptured with nu-

merous exceedingly fine, closely set den-

ticulated ridges. Umbonal reflection

narrow and erect. Umbonal—ventral sulcus

narrow, slightly impressed, and bounded
posteriorly by a faint, rounded ridge. Pos-

terior adductor muscle scar oval and
smooth. Umbonal—ventral ridge narrow,

high, and segmented; ventral condyle
small. Siphons of equal length, united ex-

cept at the tip, the posterior three-fourths

covered with a brown periostracal sheath;

siphonal openings (apertures set on two
short tubes) each with six to eight cirri.

Measurements. See Table 9.

Remarks. At the time Knudsen de-

scribed this species he had only two spec-

imens from the Gulf of Panama. Two ad-

ditional specimens received from D. Shas-

ky were taken by the San Juan Expedition

at station N-12 from a sunken log dredged
in 60 fathoms (109 m) in the Grflf of Te-

huantepec, Mexico (15°08'N, 93°28'W).

Although the specimens were in rather

poor condition, the valves and siphons

agree with those described by Knudsen.
The mesoplax stands off from the surface

of the shell and, as stated by Knudsen, is

double, that is, has a basal portion, and the

anterior muscle extends into the cavity of

the mesoplax. The siphons are the same
length, combined in a common sheath ex-

cept at the tip, and are covered with a thin,

brown periostracum. The white spots

mentioned by Knudsen are not evident,

but the few cirri surrounding the siphonal

openings are similar.

Range. This record extends the geo-

graphic range of the species about 500

miles to the north. The depth range is

from 109 to 915 m.

Xylophaga muraokai^ Turner new species

Plates 18, 19

Holotype. MCZ 316746; paratypes,

MCZ316747, 316748, 316749, 316750.

Type Locality. U.S. Naval Civil Engi-

neering Laboratory Test Site I, about 81

miles SWof Port Hueneme, California,

or about 25 miles S of San Miguel Is-

land, Santa Barbara Islands (33°44'N,

120°45'W) in 5,640 ft (1,720 m). The ho-

lotype was taken from a panel exposed on
STU 1-2 from October 1963 to October

1965.

Distinctive Characters. Plates of the

mesoplax wedge-shaped, the basal portion

large and the small dorsal portion covering

only the posterior part of the muscle. Si-

phons smooth, of rmequal length, the ex-

current slightly shorter and with 8-10

proininent cirri.

Description. Shell globose, valves reach-

ing 14 mmin length and 13 mmin height;

the width of apposed valves about 12 mm.
Valves thin but strong, white, with a thin

clear, transparent to bright yellow perios-

tracum. Angle of the pedal gape about
115°. Anterior slope sctilptured with nar-

row, finely denticulated ridges that are

widely spaced during early growth, becom-
ing more closely spaced toward the ventral

margin in older specimens. Holotype with

17 ridges on the anterior slope. Umbonal—
ventral sulcus rather narrow, only slightly

' Named for James Muraoka, Biologist, U.S. Naval

Engineering Laboratory, Port Hueneme, California.
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depressed and sculptured widi fine growth

lines. Disc and posterior slope sculptured

with growth lines only.

Inner surface of valves smooth and shin-

ing. Unibonal— ventral ridge narrow and
marked with distinct transverse ridges that

appear knobby in some specimens. Chon-
drophore and internal ligament well de-

veloped. Posterior adductor muscle scar

large, elliptical, covering most of the pos-

terior slope, and marked with irregular,

faint depressions that generally cross the

short axis of the scar. Pedal retractor mus-
cle scar broadly oval in outline and located

just anterior to and about midway on the

posterior adductor scar. In some speci-

mens, the two scars appear to be adjacent.

Siphonal retractor muscle scars not clearly

defined but located just posterior to the

umbonal—ventral ridge about midway dor-

soventrally. Ventral adductor muscle scar

long, narrow, and traversing the ventral

end of the umbonal—ventral ridge. Ante-

rior adductor muscle scar covering the

umbonal reflection and the ventral flange

of the mesoplax.

Mesoplax small and divided. The ventral

portion is a large, cuived, wedge-shaped
shield, fitting closely against the surface of

the valves. Posteriorly, the mesoplax curves

upw^ard and foi"Avard covering the posterior

portion of the anterior adductor muscle
(Plate 18, Figs. 3-6).

Siphons smooth, united, and capable of

extending over three times the length of

the valves. Excurrent siphon only slightly

shorter than the incurrent siphon. Aper-

ture of the incurrent siphon bordered by
18—22 long, slender cirri that, in preserved

specimens, curl inward and are not easily

seen. At the base of these are numerous
small cirri and, anterior to them on the

inner wall of the siphon, 8—10 broad,

branched cirri. Distal margin of excurrent

siphon with two broad, short cirri on each
side adjacent to the incurrent siphon, and
8—10 long, slender cirri, the longest locat-

ed middorsally, with those on either side

becoming progressively shorter.

The anterior adductor muscle inserts

Table 10. Measurements of
XYLOPHAGAMURAOKAl.

Length
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the anterior slope, whereas a specimen of

the same size in white pine had only 7

ridges. Although it is impossible to tell the

exact age of these specimens, we know
that the greenheart panel was exposed for

35 months and the white pine panels were
exposed for 24 months. Other specimens

in a white pine panel (exposed on the

same rack for the same length of time as

the greenheart panel) reached 12 mmin

length and had only 24 ridges.

Large numbers of X. muraokai were
taken from panels submerged for 2 years

at 5,640 ft (1,720 m). The openings of the

burrows averaged about 1 mmin diameter

and increased rapidly. When specimens
were uncrowded, the anterior end of bur-

rows that had reached 15 mmin length

averaged 12 mmin diameter; burrows 55
mmlong averaged about 15 mmin diam-

eter anteriorly. The tunnels often ran to-

gether and frequently two to six specimens
occupied a large irregular cavity. Appar-

ently, several specimens occasionally used
a single opening to the surface.

Xylophaga muraokai Turner n. sp. is

known only from the USNCELTest Site

I. It has never been taken from panels sub-

merged at Test Site II, which is just north

of San Miguel Island in about 2,370 ft (722

m). Differences in temperature, dissolved

oxygen content of the water, and hydro-

static pressure between the two sites are

probably the responsible factors. It is im-

possible to say whether or not they are all

of equal importance.

Xylophaga washingtona Bartsch, a spe-

cies of wide geographic and depth range,

has been taken from wood exposed at Test

Site I. It is the only species found at Test

Site II, where it is abundant. For a com-
parison of the test sites, see Table 11. For
a description of the test sites, see Muraoka
(1964, 1965, 1966a, 1966b, 1966c, 1967).

Range. Known only from USNCELTest

Site I.

Specimens Examined. UNITED STATES, CALI-
FORNIA: USNCELTest Site I (33°44'N, 120°45'W)
about 81 nautical miles SWof Port Hueneme (about

25 miles S of San Miguel Island, Santa Barbara Is-

Table II. Comparison of the U.S. Naval Civil

Engineering Laboratory test sites (average
values taken from muraoka, 1967).

Locality

Deptli

(fi)

TeinpeiE
ture

(°C)

Dissolved Hydrostatic
Ox\'gen Pressure
(ml/L) (psi)

Test Site I

Test Site II

5,640

2,370

2.5

5.0

1.26

.30

2,482

1,043

lands); STU I-l at 5,300 ft (1615.4 m) e.xposed March
1962-February 1965; STU 1-2 at 5,640 ft (1,720 m)
exposed October 1963-October 1965; STU 1-4 at

6,800 ft (2,072.6 m) exposed June 1964-7 July 1965;

STU 1-5 at 6,000 ft (1,828.8 m) exposed 25 August
1965-12 Febi-uaiy 1966.

Xylophaga atlantica Richards

Plate 20

Xylophaga atlantica Richards, 1942, Nautilus, 56: 68,

pi. 6, fig. 4 (east coast of the United States). Ho-
lotype. Academy of Natural Sciences Philadelphia

178741; Turner 1955, Johnsonia, 3(34): 152-154,

pi. 91, figs. 1—6 (type locality. Mount Desert Island,

Maine). (See Turner, 1955: 153.) [Not Turner,

1954, Johnsonia, 3(33): 5-6, pi. 4 = X. clenchi

Turner and Culliney; see below.]

Distinctive Characters. Mesoplax small,

anterior to and between the umbos, com-
posed of two triangular plates that are in

contact the length of the dorsal inargin

and meet at a broadly obtuse angle. Ven-
tral jDortion of the mesoplax narrow, form-

ing a small posterior cavity into which the

posterior end of the anterior adductor

muscle extends. Umbonal—ventral sulcus

shallow with a median threadlike groove.

Posterior adductor muscle scar elongate

and irregularly marked. Excrn-rent siphon

slightly shorter than the incurrent, the ex-

current aperture with 15—20 large papillae,

incurrent aperture with a double row of

nrmierous minute papillae (Plate 20, Fig.

3).

Remarks. Between 16 June 1964 and 16

July 16 1965, the U.S. NOOsubmerged
test panels off Mark Island, Penobscot
Bay, Maine, in water 200 ft in depth. The
panels were set in a vertical array at depths

of 50, 100, 150, and 195 ft. Dissection of

these panels showed that the bottoin one
had 85 specimens of X atlantica, the one
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at 150 ft had six specimens, and the one

at 100 ft had only one specimen. This sug-

gests that, hke X. washingtona Bartsch, X
muraokai Turner n. sp., X. depalmai Turn-

er n. sp., and probably all Xijlophaga, the

larvae of this species do not rise very high

in the water column and that the greatest

decrease in attack occurs within a few feet

of the bottom. Probably a panel touching

or partially submerged in the substrate at

this locality would have been heavily at-

tacked. These tests also showed that the

valves of X. atlantica may reach a length

of at least 10.5 mmin a year. Several spec-

imens removed from wood dredged off

Ipswich, Massachusetts, in about 80 mav-

eraged 14 mmin length. The maximum
length for X. atlantica appears to be
15 mm.

The Ipswich specimens were well pre-

served and allow a more detailed descrip-

tion of the siphons than that given in the

paper by Turner (1955) cited above. The
siphons can be extended 1.5—2 times the

length of the valves. The excurrent siphon

is slightly shorter than the incurrent si-

phon and is combined with it for most of

its length. The excurrent aperture is sur-

rounded by 15—20 relatively large papillae

that on the dorsal surface appear to be
grouped in two lobes. The incurrent si-

phon is surrounded by an outer rim of

small papillae and an inner one of slightly

larger, stouter papillae (Plate 20, Figs. 1,

2).

Xylophaga atlantica is oviparous and
does not brood its young. The reproduc-

tion and lai'val development of X. atlantica

are fully discussed by Culliney and Turner

(1976); they detail inethods of laboratory

culture and illustrate the various lai"val and
growth stages. A reexamination of the

specimen reported by Turner (1954: 5—6,

pi. 4) has shown it to be X. clenchi Turner
and Culliney, a species that usually is

found with young attached to the parent.

The adult of X. clenchi differs from that of

X. atlantica in having a mesoplax that lacks

a ventral portion, in the shape and type of

marking on the posterior adductor muscle

scar, in having a broad, rounded ridge pos-

terior to the umbonal—ventral sulcus, and
in the arrangement of the papillae on the

siphons.

On the basis of the material then avail-

able, I formerly considered this species

most closely related to X. washingtona
Bartsch (Turner, 1956). It is now evident

that these species belong to two different

species groups. In X. atlantica, the excur-

rent siphon is only slightly shorter than the

incurrent siphon and cirri surround the

aperture of both siphons (Plate 20, Figs.

1—3). In addition, the posterior adductor

scar is irregularly marked, whereas that of

X. washingtona has regular herringbone

markings.

Range. From Newfoundland south to

Cape Heniy, Virginia, in depths ranging

from about 15 to 1,242 m.

Specimens Examined (New Records Since Turner,

1955). CANADA, NEWFOUNDLAND:Vi miles off

Argentia in 18.3 m (test panel). NOVA SCOTIA:
North Bay, Cape Breton Island (46°20'N, 61°50'W)

in 128 m. UNITED STATES, MAINE: off Mark Is-

land, Penobscot Bay, in 15.2 m, 30.5 m, 45.7 m, and
59.5 m (test panels). MASSACHUSETTS:15 miles

off Ipswich in 73 m; NE of Cape Cod Light off Truro

in 40 m; E of Nantucket Island (41°23'N, 68°46'W).

Xylophaga washingtona Bartsch

Plate 21

Xylophaga washingtona Bartsch, 1921, Proceedings

of the Biological Society of Washington, 34: 32 (San

Juan Island, Washington). Holotype, U.S. National

Museum (USNM) 334478; Turner, 1955, Johnson-

ia, 3(34): 154, pi. 92; Turner, 1956, Nautilus, 70:

10; Tipper, 1968, Ecological Aspects of Two Wood-
Boring Molluscs from the Continental Terrace Off

Oregon, Thesis, Department of Oceanography,

Oregon State University, pp. 8-13, 64-118.

Distinctive Characters. Mesoplax small,

anterior to and between the umbos, com-
posed of two triangular plates that are in

contact for the length of the dorsal margin

and are set at a moderately obtuse angle

to each other. Ventral portion of the me-
soplax usually greater than one half the

width of the dorsal portion and keeled.

Umbonal-ventral sulcus broad and shal-

low. Posterior adductor muscle scar elon-

gate oval in outline with regular herring-
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Table 12. Penetration into wood of Xylophaga washingtona at various depths
and exposure times.

LocalitN' Exposure

3 miles off Oceanside, California

STU* II (1 and 2), California

STU* I (1-1), California

19 miles off Depoe Bay, Oregon
25 miles off Depoe Bay, Oregon
40 miles off Depoe Bay, Oregon

109
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very close to the sea—sediment interface,

the attack progressed upward with increas-

ing time of exposure. Analyses of these

data suggest that 1) the free-swimming lar-

vae of X. washingtona probably do not rise

more than 10-25 ft above the sea floor; 2)

as the attack increases, competition occurs

for space; and 3) the second crop of larvae,

prevented from settling on the lower levels

because of the activity of the siphons of

specimens already in the wood, are kept

swimming and eventually settle on surfac-

es higher up in the water column.
Tipper (1968) also pointed out that the

depth of penetration decreased with in-

creased density of the wood. Cedar, pine,

fir, and oak panels exposed for 50 days at

a depth of 200 m showed an average pen-
etration of 3.8 mmin cedar, 3 mmin pine,

1.5 mmin fir, and 0.5 mmin oak. De-
crease in depth of penetration also is re-

lated to increase in depth of exposure.

This, he postulated, may be correlated

with lower temperatures resulting in slow-

er growth rates or with the increased den-
sity of the wood from compression at great

depth.

These obseivations agree with those ob-

tained from the tests off southern Califor-

nia (see section on Variation in the Intro-

duction). From the STU samples we found
that the softer the wood (except balsa), the

deeper the Xylophaga penetrated and the

greater was the development of the chim-
ney of fecal pellets. In a cedar panel ex-

posed on STU 1-5 for 6 months, two sets

of X washingtona were found; the earlier

set had tunnels averaging 10—12 mmin

length, and the second set had tunnels av-

eraging 5 mmin length. Another panel on
STU I-l exposed for 35 months had spec-

imens with tunnels reaching 35 mmin

length. These tunnels averaged 10 mmin

diameter at the anterior end; a chimney of

rather coarse fecal pellets lined the pos-

terior 15 mmof the burrow. Considering
the greater depth of the STU panels and
realizing that the rate of growth decreases
with age, these growth rates agree with
those reported by Tipper (1968).

Based on data gathered to date from
test panels, it would appear that X. wash-
ingtona probably breeds throughout the

year and that the entire larval life is spent

in the sea. Young specimens have never
been found attached to the shells of the

hundreds of adults examined.
Range. From Vancouver Island, British

Columbia, south to the Santa Barbara Is-

lands, California, in depths ranging from
20 to 2,000 m.

Specimens Examined (New Records Since Turner,

1955). CANADA, BRITISH COLOMBIA: Satellite

Channel, between Saltspring and Vancouver Islands

in 93 m (C. Carl). UNITED STATES, OREGON:
about 30 miles Wof Seaside (46°00'N, 124°48'W) in I

464.5 m; about 50 miles W of Tillamookhead
(45°54'N, 125°09'W) in 1,554.4 m; about 40 miles W
of Silver Point (45°52'N, 124°54'W) in 822.9 m (all

Oregon State University); 19 miles Wof Depoe Bay
(44°52'N, 124°54'W) in 200 m; 25 miles Wof Depoe
Bay (44°52'N, 124°36'W) in 500 m; 40 miles Wof

Depoe Bay (44°52'N, 125°01'W) in 1,000 m (all R.

Tipper). CALIFORNIA: Hermosa Reef, Vi mile off
'

Hermosa Beach in 18.3 m
(J.

Fitch); 3 miles off

:

CampPendleton pier, Oceanside, in 100 m (F. Snod- .

grass); USNCELSTU II (1 and 2), 75 miles Wof:

Port Hueneme or about 5 mi NWof San Miguel I.,

Santa Barbara Islands (34°06'N, 120°42'W) in 722 ni;

USNCELSTU I (1, 4, and 5), 81 miles SWof Port

Hueneme or 25 miles SWof San Miguel Island, San-

ta Barbara Islands (33°44'N, 120°45'W) in 1,524-

2,066 m (both
J.

Muraoka); Allan Hancock station

1372—41, about % mile E of Empire Landing, Santa

Catalina Island, Santa Barbara Islands (.3.3°25'50"N,

118°24'50'^V) in 84 m (Allan Hancock Foundation);

2 miles off Eel Point, San Clemente Island, Santa

Barbara Islands in 72.2 m (F. Snodgrass).

Xylophaga rikuzenica Taki and Habe
Plate 22

Xylophaga rikuzenica Taki and Habe, 1945, Japanese

Journal of Malacology (Venus), 14: 112 (off Riku-

zen, Honshu, Japan). Holotype, T Habe Collec-

tion; paratype, MCZ 194821. Neoxylophaga riku-

zenica (Taki and Habe) 1950, Illustrated Catalogue

of Japanese Shells, no. 7, p. 46, text-figs. 4, 5.

Distinctive Characters. Mesoplax com-
posed of two inflated triangular plates with

a large basal portion and ventral keel;

plates in contact both dorsally and ven-

trally for the length of the medial margin
(Plate 22, Figs. 5-7). Posterior adductor

muscle scar elongate oval, tapering dorsal-
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ly, and with regular herringbone markings.

Valves and dorsal plates covered with a

heavy, brown periostracum. Umbonal-
ventral sulcus wide and deep (Plate 22,

Figs. 2, 4).

Remarks. Taki and Habe (1945) briefly

described this species in Japanese but in-

cluded no figures. In 1950, they created

the genus Neoxylophaga with rikuzenica as

the type species, mentioning the small, tri-

angular mesoplax and thick, brown perios-

tracum as generic characters. Turner

(1956) related X rikuzenica to X. wash-

ingtona Bartsch on the basis of the dorsal

plates. A paratype specimen, received

through the kindness of Dr. Habe, shows

that the posterior adductor muscle scar is

similar to that of X washingtona Bartsch,

X praestans Smith, and X. aiirita Knud-
sen, the other species in this group with

simple, unfringed lappets extending from

the truncation of the excurrent siphon. Xy-

lophaga rikuzenica is closely related to but

differs from X washingtona mainly in hav-

ing a heavy, brown periostracum covering

the valves and mesoplax as well as in hav-

ing a much wider, deeper umbonal—ventral

sulcus. Unfortunately, the siphons of X ri-

kuzenica are unknown so comparisons

cannot be made on that basis. However,
all species with regular herringbone mark-
ings on the posterior adductor scar known
to date have similar siphons so X. rikuzen-

ica can be assumed to belong to the same
group. No Xylophaga have been taken

north of Vancouver, British Columbia, but

continuous collecting across the north Pa-

cific may show that X. rikuzenica merges
with X. washingtona. Until this is done,

the two species are being maintained be-

cause they are recognizable and may not

merge.

Range. Known only from off Rikuzen
and Toyama Bay, Honshu, Japan, in depths

ranging from 100 to 700 fathoms (183 to

1,270 m) (Taki and Habe, 1950).

Specimens Examined. JAPAN: off Rikuzen, Hon-
shu in 183 m.

Xylophaga depalmai*^ Turner new species

Plates 23, 24

Holotype. MCZ316735.

Type Locality. 3.2 miles off Fort Lau-
derdale, Florida (26°04'N, 80°04'W) in

152.4 m (500 ft) in a test panel.

Distinctive Characters. Shell globose,

anterior slope with fine, closely set, den-

ticulated ridges; umbonal—ventral sulcus

shallow and bounded posteriorly by an in-

distinct ridge; posterior slope smooth.
Umbonal—ventral ridge narrow and high.

Muscle scars barely impressed and
smooth. Mesoplax composed of two inflat-

ed, elongate plates that are coiled poste-

riorly, vary in shape, and are occasionally

fused. Excurrent siphon truncate; lappets

on dorsal surface of incurrent siphon with

exceedingly fine serrations.

Description. Shell globose, valves reach-

ing 9.8 mmin length and 9 mmin height,

thin, fragile, and with a thin transparent

periostracum. Pedal gape angle about 95-
105°. Anterior slope sculptured with ex-

ceedingly fine, closely set, denticulated

ridges; specimens 8 mmlong had 40—66
ridges. Posterior portion of the anterior

slope rather wide and the ridges extending

to the umbonal—ventral sulcus more
coarsely denticulate. Umbonal—ventral sul-

cus barely impressed, nearly smooth, and
bounded posteriorly by a fine, indistinct

ridge. Disc and posterior slope faintly

marked with growth lines. Posterior slope

with a low, smoothly cui"ved dorsal margin

that is not reflected.

Inner surface of valves smooth and glis-

tening. Umbonal-ventral ridge narrow,

high, and not enlarging at the ventral mar-

gin to form a knoblike condyle. Posterior

adductor muscle scar barely impressed,

rather small, oval, smooth, and set high on
the posterior slope. Pedal retractor scar

dumbbell-shaped or as two adjacent cir-

'^ Named for Jolin DePalma, U.S. Naval Oceano-
grapliic Office, wlio was responsible for the tests off

Fort Lauderdale, Florida; in the Tongue of the

Ocean, Bahama Islands; and in Penobscot Bay,

Maine.
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Table 14. Data for all of the specimens of Xylophaga depalmai n. sp. found in the collecting
panels off fort lauderdale, florida.
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miles Wof Tampa, OTECstation 3089 in 126 ni; and
OTEC station 3086 in 96 m. RHODEISLAND:
From rosewood panels tied to lobster pot set at

39°57'N, 69°19'W in 45.7 m (Knutton, from Al Ea-

gles ship Reliance). MASSACHUSETTS:Delaware
II, station 369 (42°37'N, 66°27'W) from wood
dredged from 174 m.

Xylophaga guineensis Knudsen
Plates 25, 26

Xylopliaga guineensis Knudsen, 1961, Galathea Re-

port, 5: 195-196, fig. 38 (Galathea, Station 52, off

West Africa, 01°42'N, 07°51'E in 2,550 m). Holo-

type. Zoological Museum, University of Copenha-
gen.

Distinctive Characters. Valves globose,

with exceedingly fine, closely spaced, den-

ticulated ridges; umbonal—ventral sulcus

barely impressed, bounded by a weak an-

terior ridge and a well-marked, narrow
posterior ridge. Mesoplax composed of

two inflated cornucopialike plates.

Description. Valves globose, reaching

2.2 mmin length, thin, and fragile. Pedal

gape angle about 90°. Anterior slope sculp-

tured with exceedingly fine, evenly spaced,

denticulated ridges, there being about 45
in a specimen 2 inm long. Umbonal—ven-

tral sulcus only slightly impressed, bound-
ed anteriorly by a low, inconspicuous,

rounded ridge and posteriorly by a narrow,

well-defined ridge, occasionally almost
bladelike. Disc and posterior slope

smooth.

Inner surface of valves smooth and glis-

tening. Muscle scars barely visible. Poste-

rior adductor scar smooth, lobed anteriorly

with the small pedal retractor just anterior

to it in the upper embayment. Umbonal—
ventral ridge and condyle prominent, with

a parallel groove posterior to the ridge.

This groove is the internal expression of

the ridge bounding the sulcus on the outer

surface.

Mesoplax composed of two smooth, in-

flated, cornucopialike plates, the horns of
which curl toward each other (Plate 25,

Figs. 3, 6, 8, 9); the two halves usually

equal and mirror images but occasionally

unequal and varying in size and shape.

Siphons about equal to the length of the



Xyloph AGAINAE • Turner 257

Although stenomorphs are commonly
found in Xijlophaga (see section on Vari-

ation), the specimens dissected from the

wood dredged by the Atlantique Sud Ex-

pedition and the Fillsbunj did not appear

to be stunted or malformed in any way
They were not crowded and the wood was
not particularly hard. Consequently, on the

basis of the large number of evenly spaced
ridges on the anterior slope, the well-de-

veloped inesoplax, the strength of the

ridge bounding the umbonal—ventral sul-

cus posteriorly, and the small size of the

specimens, I consider this to be a small

species.

All the major characters of the siphons

mentioned in the description could be
seen with a dissection scope at 250 X.

However, the fringe on the lappets could
only be detected under a compound mi-

croscope at 430 X. It was impossible to de-

termine whether or not the fringe extend-

ed the entire length of the lappet on the

two specimens that had extended siphons.

The siphons appear similar to those of X
depalmai.

Xylophaga guineensis is most closely re-

lated to X. depalmai taken from waters off

Florida and the Bahamas. Xijlophaga gui-

neensis differs in being smaller; in having
a smooth mesoplax composed of inflated,

tubular, cornucopialike plates; in having
more numerous and closely spaced, den-
ticulated ridges on the anterior slope when
comparing specimens of equal size; and in

having a larger, more prominent, strongly

sculptured prodissoconch. (See also Re-
marks under X. depalmai. )

The specimens that Knudsen described
were taken from wood dredged in 2,550 m
but the three lots of new material were
from 147, 145, and 46 m. Although X. gui-

neensis may extend into deep water, it is

probably a fairly shallow water species,

and this would agree with the known
depth range of X depalmai, the species to

which it is most closely related. The fact

that Knudsen's specimens were all dead
and fragmented further substantiates the
possibility that the wood was carried into

deeper water after it was invaded by X.

guineensis. The continental shelf in this

area is narrow and such a movement of

wood on the bottom could easily take

place.

Range. Gulf of Guinea, West Africa, in

depths ranging from 46 to 147 m (living

material) and in 2,550 m (dead).

Specimens Examined. CAMEROONS:Pilhhitrtj,

station 260, off Santa Isabel Island (3°45'N, 9°05'E)

in 46 m. GABON:Atlantique Sud, station 146, about

46 miles NNEof Port Gentil (0°0.3'S, 9°07'E) in 147

m; Atlantique Sud, station 33, 35 miles Wof Ambri-
zette (7°16'S, 12°17'E) in 145 m.

Xylophaga mexicana Dal I

Plates 27, 28

Xylophaga mexicana Dall, 1908, Bulletin Museum of

Comparative Zoology, 43(6): 425 {Albatross, station

3422, off Acapulco, Mexico [16°47'N, 99°59'W] in

141 fathoms [257.9 m]). Holotype USNM122947;

Turner, 1955, Johnsonia, 3(34): 150, pi. 90.

Distinctive Characters. Umbonal—ven-

tral sulcus bounded posteriorly by a nar-

row, shaij) ridge. Mesoplax ear-shaped, in-

flated, the two halves not meeting medially

except at the posterior end. Excurrent si-

phon truncated; lappets extending along

the dorsal surface of the incurrent siphon

finely fringed. Siphons with a single row of

opaque white granules imbedded along

the sides. Posterior quarter of the incur-

rent siphon papillose.

Description. Shell globose, valves reach-

ing 10.5 mmin length and 9.5 mmin

height, thin, fragile, and with a thin, light

straw-colored periostracum on the poste-

rior slope. Pedal gape angle about 110°.

Anterior slope with exceedingly fine, close-

ly set, denticulated ridges. Umbonal-ven-
tral sulcus rather narrow, moderately deep,

and bounded posteriorly by a narrow,

sharp ridge. Disc and posterior slope

sculptured with fine growth lines. Poste-

rior margin broadly rounded. Posterior

slope becoming proportionately more
elongate with increased size and age, as

indicated in the measurements. Umbonal
reflection free and recui-ved anteriorly, ap-
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pressed posteriorly, and covering the an-

terior portion of the umbonal area.

Inner surface of the valves white,

smooth, and glazed. Umbonal-ventral
ridge narrow, slightly segmented, and
broadening only slightly toward the ventral

margin to form the condyle. Posterior ad-

ductor muscle scar well impressed,

smooth, broadly oval in outline, set high

on the posterior slope and at the posterior

margin of the valve. Pedal retractor scars

nearly circular, double, and adjacent to the

embayment on the anterior margin of the

posterior adductor scar. Ventral adductor

scar large, irregularly oval in outline, and
well posterior to the umbonal-ventral
ridge. Siphonal retractor scar small, bi-

lobed, and located posterior to the um-
bonal-ventral ridge at a level correspond-

ing to the pedal retractor scars. Anterior

adductor scar covering the umbonal re-

flection. Chondrophore and internal liga-

ment well developed.

Mesoplax somewhat variable but usually

slightly longer than wide, with the medial

margin of the two halves diverging. Plates

ear-shaped, inflated, coiled posteriorly, and
covering the umbos.

Siphons capable of complete retraction

within the valves and of extension to at

least 1.5 times the length of the valves. Ex-

current siphon truncated, about one third

the length of the incurrent siphon, and
lacking cirri. Lappets extending from the

truncation of the excurrent siphon finely

fringed. Posterior portion of the incurrent

siphon papillose; inner edge of siphonal

opening margined with numerous minute
cirri. Siphons with thin periostracal sheath

posteriorly and with a single row of white,

opaque, irregular granules embedded
along the sides.

Measurements. See Table 16.

Remarks. Xylophaga mexicana Dall was
described on the basis of two right valves

that were in rather poor condition and
lacked a mesoplax. Consequently, it has

been impossible up to now to relate it to

other species. Valves of living specimens
taken off California agree with those of the

Table 16. Measurements of
Xylophaga mexicana.

Length
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what resemble those of X rnexicana; how-
ever, the siphons of these two species

place them in different groups. (See also

Remarks under X. tipperi Turner n. sp.

and X japonica, the species to which X.

rnexicana is most closely related.)

Through the kindness of John Fitch and
Charles Turner of the California State

Fisheries Laboratory, Terminal Island,

California, I received 55 specimens of X.

rnexicana taken from test panels exposed

on the "replication reef experiments" con-

ducted by that laboratory. Old streetcars,

automobile bodies, concrete shelters, and
rocks were dumped offshore in several lo-

calities to sei've as settling areas for marine
organisms and to make the area more at-

tractive to fish. Within a short time, the

test panels and wooden portions of the

streetcars were attacked by teredinids and
Xijlophaga. Because all the specimens had
been dissected from the wood, it is im-

possible to say whether or not they pro-

duced a chimney
Range. Living specimens known only

from Santa Monica Bay, California, in

about 35 m.

Specimens Examined. MEXICO: Bocochibampo,
Sinaloa (dead). UNITED STATES, CALIFORNIA:
All from "replication reefs" off Hermosa, Malibu, Re-
dondo, and Santa Monica (about 33°50'N, 118°30'W)
in about 35 m.

Xylophaga tipperi Turnev new species

Plate 29

Holotijpe. MCZ316736; paratype, MCZ
316737.

Type Locality. 3.2 miles off Fort Lau-
derdale, Florida (26°04'N, 80°04'W) in

152.4 m (500 ft) in a U.S. NOOtest panel,

submerged from October 1965 to October
1966.

Distinctive Characters. Umbonal—ven-
tral sulcus bounded by low rounded ridg-

es. Mesoplax ear-shaped, slightly longer
than wide, compressed, and with a sharp

peripheral keel. Excurrent siphon truncat-

ed; lappets on dorsal surface of incurrent

siphon with a coarse fringe. Siphons with
a single row of minute glasslike plaques

embedded along the side and with knobby
pustules at the posterior end.

Description. Shell globose, reaching 9

miTi in length and 8.5 mmin height, thin,

fragile, with prominent umbos and a dull,

light brown periostracum. Pedal gape an-

gle about 110°. Anterior slope sculptured

with numerous close-set, denticulated

ridges, there being 25 on the holotype.

Umbonal—ventral sulcus slightly de-

pressed, bounded by a threadlike rounded
ridge anteriorly and a somewhat heavier

one posteriorly. Posterior slope low and
sculptured with distinct growth lines. Um-
bonal reflection free for most of its length,

the ventral edge of the mesoplax fitting be-

neath it anteriorly.

Inner surface of the valves smooth and
glistening. Umbonal—ventral ridge very

prominent, nearly sinooth, and not greatly

enlarged ventrally at the condyle. Chon-
drophore and internal ligament well de-

veloped. Posterior adductor muscle scar

oval, tapering dorsally, only slightly im-

pressed, and smooth. Pedal retractor scar

kidney-shaped and located adjacent to the

anterior margin of the posterior adductor

scar, about midway dorsoventrally. Siphon-

al retractor scar lightly impressed, located

just posterior to the umbonal—ventral ridge

at the level of the ventral margin of the

beak. Ventral adductor scar usually not vis-

ible but located near the ventral margin
posterior to the umbonal—ventral ridge.

Mesoplax large, ear-shaped, covering

the umbos, longer than wide, compressed
dorsoventrally, with a shaq? peripheral

keel, and a coiled early portion.

Siphons united, excurrent siphon trun-

cated, about one third the length of the

incurrent siphon. Lappets extending from
the truncation along the dorsal surface of

the incurrent siphon with a coarse fringe.

Incurrent siphon papillose posteriorly,

with a single row of glasslike plaques im-

bedded along the side at the juncture of

the lappets and the excurrent siphon and
with numerous small, broad papillae sur-

rounding the inner rim of the aperture.
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Table 17. Measurements of Xylophaga tipperi.

Lens;tli
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Table 18. Measurements of Xylophaga bayeri.
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Table 19. Measurements of
Xylophaga japonic a.

Lengtli Height
(mm) (mm)

13.2 10.8 holotype (from Tald and
Raise, 1950)

5.8 5.0 paratype Tosa Bay, Shikoku,

Japan

3.8 3.0 off Clara Island, South Burma
2.0 1.8 off Java

large, covering the upper one half of the

anterior area, extending over the umbos,

ear-shaped, moderately inflated, with a

narrowly rounded peripheiy and distinct

concentric sculpture (Plate 32, Figs. 2-5).

Siphons capable of extending two to three

times the length of the shell. Excurrent si-

phon about one third the length of the in-

current, lappets extending along the dorsal

surface of the incurrent siphon finely

fringed, opaque white granules imbedded
along the sides of the siphons. Chimney of

coarse fecal pellets lining the burrow.

Measurements. See Table 19.

Remarks. At the time Taki and Habe
(1950) described this species, they did not

have the soft parts and therefore could not

describe the siphons. However, it is clear

from their description and figures that the

species belongs to the dorsalis group
(Group 6). Taki and Habe related their

species to X indica Smith, but noted its

more elongate posterior area. It further

differs from X indica in its broad meso-
plax for, according to Knudsen (1961), the

mesoplax of X. indica is "oblong pear-

shaped" and his figure [of it] shows it to

be nearly three times as long as wide. Xy-

lophaga indica is probably more closely re-

lated to X. guineensis and X. depalmai n.

sp., but because the siphons are unknown,
this cannot be stated definitely.

Xylophaga japonica appears to be most

closely related to X. mexicana Dall but dif-

fers in having a larger, more highly sculp-

tured mesoplax that extends over the um-
bos; in having the posterior slope more
elongate; and in having the ridge bounding

the umbonal—ventral sulcus inore pro-

nounced.
Unfortunately, the material from off

Java and South Burma noted in the re-

cords below was poorly presei'ved, but it

was possible to ascertain the basic char-

acters of the siphons. The specimens from

Java had been kept in alcohol since they

were collected by Mortensen in 1929. The
specimens from South Burma, dredged by
the Anton Bniun and taken from a small

piece of wood and the husk of a nut, had
been allowed to dry.

Range. From Tosa Bay, Japan, south and

west to Burma and Java, in depths ranging

from 183 to 384 m."

Specimens Examined. JAPAN: Tosa Bay, Shikoku,
p

in 183 m. JAVA: Danish Java-South African Expedi-

tion, station 10, off SE tip of Java (08°36'S, 114°34'E)

in 300 m. BURMA: Anton Bniun, station 23, about

77 miles Wof Clara Island, South Burma (10°30'N,

96°35'E) in 3S4 m. I

GENUSXYLOPHOLASTURNER1972

XylopJiolas Turner, 1972, Basteria, 36(2): 97-99.

Tijpe Species. Xylopholas altenai Turner,

original designation. I

Distinctive Characters. Valves and me- f

soplax typical for the genus Xylophaga. \

Animal long, not capable of retraction

within the valves, with a periostracal si-

phonal sheath posterior to the valves and
|

a pair of lateral, chitonlike, siphonal plates

at the posterior end. Siphons short, ex- i

tending between the plates, the siphonal

retractor muscles inserted on their inner
|

surface. Gills and visceral mass contained

between the valves as in typical Xylophaga.
j

Wood-storing cecum large. i

Remarks. This genus differs from Xylo-

phaga in having extended excurrent and

incurrent canals contained in a common
j

sheath with siphonal plates at the posterior

extremity. These plates probably arose in-

dependently but may be homologous with i

the siphonoplax of other pholads (i.e., Pho-
j

ladidea), which was carried posteriorly as i

the animal elongated. However, the si-
I

phonal retractor muscles of these species

insert on the valves rather than on the si-
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phonoplax. The siphonal plates of Xylo-

pholas probably function as do the pallets

of the Teredinidae and the siphonoplax of

other pholadids to close the end of the

burrow. Embiyological studies are needed
to prove the affinities of the plates.

From Xijloredo, Xijlopholas differs in

having siphonal plates, a periostracal

sheath on the animal posterior to the

valves, and in not lining the burrow with

a chitonlike or calcareous tube.

Range. To date the genus is known only

from the type species found off the Lower
Florida Keys in the western Atlantic and
in the Gulf of Guinea in the eastern At-

lantic in depths from 239 to 366 m. (Two
specimens were dredged in 2,550 m but

these may have been advectitious.)

Xylopholas a/tena/ Turner 1972
Plates 33, 34

Xylopholas altouii Turner, 1972, Basteria, 36(2): 99-

103, figs. 1-12 (Gerda, station 66, about 13 miles

SE of Fowey Rocks, Florida [25°25'N, 79°59'] in

366 m). Holotype, MCZ279315.

Distinctive Characters. Aniinal elon-

gate, not capable of retraction within the

valves, and with lateral, paddlelike siphon-

al plates at the posterior end. Shell similar

to that of Xijlopliaga. Mesoplax composed
of two flat, elongate plates that are held in

place by the periostracum extending be-

tween the beaks dorsally. Posterior adduc-
tor muscle scar large and with transverse

forking impressions. Young carried on the

ventral surface just posterior to the valves.

Description. Shell globose, reaching 2.5

mmin length, thin, fragile, and with a rel-

atively heavy, golden-brown periostracum

covering the valves and mesoplax. Pedal

gape angle about 90°. Beaked portion of

the anterior slope recurved dorsally and
sculptured with numerous strong, dentic-

ulated ridges. Umbonal reflection narrow.

Umbonal—ventral sulcus narrow and only

slightly impressed. Disc and posterior
slope sculptured with fine growth lines

only.

Inner surface of valves smooth and glis-

tening. Umbonal-ventral ridge low, indis-

tinct except near the ventral margin,
slightly segmented, and with a small ven-

tral condyle. Chondrophore and internal

ligament well developed. Posterior adduc-

tor muscle scar large, covering most of the

posterior slope, elongate oval in outline

and marked with transverse, forking im-

pressions. Pedal retractor scar irregularly

and broadly oval and located about mid-
way on the anterior margin of the poste-

rior adductor scar. Siphonal retractor mus-
cles inserted on the siphonal plates and
collar.

Mesoplax small, not filling the gape be-

tween the beaks, composed of two flat,

elongate, subrectangular plates, somewhat
pointed posteriorly, sculptured with fine

transverse ridges, covering the dorsal sur-

face of the anterior adductor muscle and
held in place by the periostracum.

Animal long, with a periostracal sheath

covering the portion posterior to the valves

and with a pair of lateral, paddle-shaped,

chitonlike plates at the posterior end
(Plate 33, Fig. 4). The siphons extend be-

tween the plates, and the siphonal retrac-

tor muscles insert on the inner surface of

them. Siphons separate, excurrent siphon

longer than the incurrent siphon, the ap-

ertures of both with fine cirri.

Gills and visceral mass contained entire-

ly between the valves, the portion of the

animal extending beyond the valves com-
posed of a dorsal excurrent and a ventral

incurrent canal combined in a common
muscular and periostracal sheath, with a

chitinous collar and two lateral, paddle-

shaped plates posteriorly.

Measurements. See Table 20.

Remarks. Isolated valves of this species

would be difficult if not impossible to dis-

tinguish from several species of Xylopha-

ga; however, its reduced, flat mesoplax,

elongate soft parts, and siphonal plates

readily distinguish it from all other species

in the Xylophagainae. Nothing is known of

the biology of the species except that it has

a large wood-storing cecum and, therefore,

probably utilizes wood as food. The young
are held within the burrow to the late ve-
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Table 20. Measurements of
Xylopholas altenai.

Length
(mm)

Height

1.8
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er with the chimney of rock-boring pho-

lads, as in Parapholas Conrad (Turner,

1955: 123).

The discovery of this teredohke genus

in the Pholadidae requires a reexamination

of the fossil teredinids, especially those re-

corded as having ringed tubes. On the ba-

sis of our present knowledge, it may be

impossible to distinguish Xyloredo from

teredinids in fossilized wood. However, if

tubes are present, a microscopic analysis

of their structure may aid in distinguishing

between them because teredinid tubes are

amorphous, whereas tubes of Xyloredo

have a definite structure with growth rings

and periostracum. Certainly Xyloredo
should be considered when examining

drilled wood thought to have come from a

deep water fossilized deposit.

Although Xyloredo superficially resem-

ble the Teredinidae, this is entirely con-

vergent and does not in any way indicate

relationship, nor does it suggest the evo-

lution of the Teredinidae from the Xylo-

phagainae. The latter lack apophyses and
pallets, and have a mesoplax. In addition,

none of the visceral mass or gills of the

Xylophagainae extend beyond the valves

posteriorly as they do in the Teredinidae.

Range. To date three species of Xylo-

redo are known, two in the western Atlan-

tic and the other in the eastern Pacific. All

occur at depths greater than 1,500 m.

Xyloredo noo/ Turner

Plate 35

Xyloredo nooi Turner, 1972, Breviora, 397: 5—7, pis.

1, 2 (Tongue of the Ocean, about 4 miles off north-

east tip of Andros Island, Bahama Islands [25°.54'N,

77°49'W] in 1,737 m). Holotype, MCZ 279631;

paratypes from the same and other panels exposed
at the same locality, MCZ279632, 279633, 279634,

and 279635, and the Zoological Museum, Univer-

sity of Copenhagen; Turner, 1973, Science, 180:

1377-1379.

Distinctive Characters. Burrow long,

teredinidlike, lined with a thin calcareous

tube marked with growth rings and cov-

ered with periostracum. Shell similar to

Xylophaga, anterior slope narrow, umbo-
nal—ventral sulcus lightly impressed, pos-

terior slope high and reflected dorsally

Posterior adductor muscle scar subellipti-

cal, set high on the posterior slope, and
divided into two distinct areas. Disc sep-

arated from the posterior slope by a

groove on the inner surface of the valves.

Mesoplax small, the two flat triangular

plates composed almost entirely of perios-

tracuiTi. Periostracal sheath between the

valves and the tube smooth.

Description. Shell globose, valves reach-

ing 10 mm in length and 10.5 mm in

height, thin, fragile; umbos prominent.

Periostracum relatively thick, golden-

brown, glistening, and covering entire

valve. Pedal gape angle about 110°. Ante-

rior slope sculptured with numerous den-

ticulated ridges, there being 24 on the ho-

lotype. UiTibonal— ventral sulcus narrow,

slightly impressed, and sculptured with

fine, irregular growth lines. Posterior slope

high, reflected near the dorsal margin, and
sculptured with fine growth lines. Umbo-
nal reflection rather wide, thin, adhering

to the valves in the umbonal area, free an-

teriorly.

Inner surface of valves smooth and glis-

tening. Umbonal—ventral ridge narrow,

high, and segmented. Chondrophore and
internal ligament prominent. Disc separat-

ed from the posterior slope by a pro-

nounced narrow groove extending from
the umbo to the posterior ventral margin.

Posterior adductor muscle scar large, ellip-

tical, and divided into two areas, the upper

part marked with irregular impressions,

the lower with regular chevron-shaped im-

pressions. Anterior adductor scar covering

most of the umbonal reflection. Pedal re-

tractor scars elongate, the ixiuscles insert-

ing in the groove separating the disc from

the posterior slope.

Mesoplax small, flat, the two broadly tri-

angular plates composed almost entirely of

periostracum and located anterior to the

umbos.
Burrow long, teredinidlike, and lined

with a thin calcareous tube that is sculp-

tured with distinct growth rings and cov-

ered with periostracum that extends as a
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Table 21. Measurements of Xyloredonooi.

Length
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Table 22. Measurements of
Xyloredo ingolfia.

Range. Known only from the type loeal-

Lrimtll
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Table 23. Measurements of Xyloredo naceli.

Length
(mm)

1.1

1.0

1.2

1.5
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2 mm
Plate 1 . Xylophaga concava Knudsen from Pillsbury, station 526.

1 mm

Figure 1 . Dorsal view of apposed valves showing the concave posterior slope and erect mesoplax. Figure 2. Posterior end of

valve and siphons. Figure 3. Enlargement of the siphonal openings to show the six large cirri on the excurrent siphon and the

double row of small cirri on the incurrent siphon.
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Plate 2. Xylophaga gerda Turner n. sp. from Gerda, station 499.

Figure 1 . Lateral view of holotype showing the attachment of the posterior adductor muscle through the thin valve, the mesoplax
that does not extend above the umbos, and the fecal cylinder in the excurrent canal. Figure 2. Dorsal view of the holotype

showing the mesoplax. Figure 3. Enlargement of the posterior end of the siphons. Figure 4. Diagrammatic cross-section

through the siphons and the fecal cylinder. Figure 5. Three-quarter view of holotype showing the inflated umbos and the simple

curved plates of the mesoplax. Figure 6. A relatively smooth chimney composed largely of periostracum, with a thin coating of

fecal material. Figure 7. A thick chimney, built in sections with "leaves" of periostracum extending at the anterior end of each
section.
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1 mm

Plate 3. Xylophaga gerda Turner n. sp. from Pillsbury, station 944.

0.5 mm

Figure 1 . Outer view of right valve. Figure 2. Inner view of left valve, showing posterior adductor muscle scar and low umbonal-
ventral ridge. Figure 3. Enlargement of the hinge area of left valve to show the chondrophore and anterior adductor muscle

scar. Figure 4. Outer view of right valve of a young specimen. Figure 5. Inner view of left valve of young specimen showing

the prodissoconch, chondrophore, and muscle scars.
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Plate 4. Xylophaga grevei Knudsen (Figs. 1-6 from Knudsen, 1961: 176-177).

Figures 1-4. Holotype. Figure 1 . Right side of entire specimen showing siphons and mesoplax. Figure 2. Dorsal view. Figure

3. Enlargement of the siphons showing the cirri around the incurrent aperture (35) and the excurrent aperture (6). Figure 4.

Internal view of left valve of the holotype showing the broadly oval posterior adductor muscle scar set high on the posterior

slope. Figures 5, 6. Ventral and dorsal view of the mesoplax. Figure 7. Small specimen carrying two young from Galathea,

station 444.
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Plate 5. Xylophaga clenchi Turner and Culliney.

Figures 1-3. Side, dorsal, and anterior views of the holotype, showing the widely space ridges on the anterior slope of specimens'
boring in soft wood and the position of young and the dorsal surface. Figures 4, 5. Inner and outer views of left valve of a
specimen from Atlantis II, station 124, showing the muscle scar and large number of ridges on the anterior slope of a specimen
from hard wood.
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5 mm

Plate 6. Xylophaga clenchi Turner and Culliney.

Figures 1, 2. Outer and inner views of the right valve of a large specimen with mesoplax in place, dredged by the Pillsbury,

station 394. Figure 3. Lateral view of an entire specimen from the Tongue of the Ocean showing relative size of si-

phons. Figure 4. Enlargement of the siphons, posterodorsal view, to show the incurrent and excurrent apertures and the cirri

around them.
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Plate 7. Xylophaga clenchi Turner and Culliney from /ngo/f Expedition, station 67.

Figure 1. Lateral view of right valve with mesoplax in place and young attached to dorsal surface. Figure 2. Dorsal view of:

same specimen showing the prodissoconch. Figure 3. Lateral view of specimen with extended siphon.
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Plate 8. Xylophaga clenchi Turner and Culliney.

Figures 1 , 2. From Pillsbury, station 238. Figure 1 . Lateral view of right valve. Figure 2. Dorsal view of opposed valves showing

prodissoconch, four young attached posterior to the umbos, and an atypical elongate, longitudinally folded mesoplax. Figures

3, 4. Specimen from Atlantis II, station 124. Figure 3. Anterior view of specimen with mesoplax bent at a right angle. Figure

4. Dorsal view of same specimen showing prodissoconch and mesoplax.
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Plate 9. Xylophaga supplicata Taki and Habe from Tosa Bay, Shikoku, Japan.

Figure 1. Anterior view of opposed valves with mesoplax in place. Figure 2. Lateral view of entire specimen from the right with

mesoplax in place. Figure 3. Dorsal view of opposed valves tipped slightly forward to show the minute tubes at the posterior

end of the mesoplax. Figure 4. Enlargement of mesoplax and umbonal area, looking down into the cavity formed by the

incurving of the umbos. Figure 5. Inner view of left valve showing chondrophore with large tooth. Figure 6. Enlargement

showing chondrophore with large tooth.
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Plate 10. Xylophaga whoi Turner n. sp.

Figures 1-4. Specimen from Pillsbury, station 944. Figures 1, 2. Outer and inner views of the left valve. Figure 3. Frontal

view of mesoplax with smallest tubes seen. Figure 4. Side view of left plate of mesoplax. Figures 5-12. Holotype. Figure

5. Outer view of right valve. Figure 6. Inner view of left valve. Figure 7. Dorsal view of left plate of mesoplax. Figure 8.

Frontal view of mesoplax. Figures 9, 10. Outer surface of left and right plates of mesoplax with average-size tubes. Figures

11, 12. Inner surface of left and right plates of the mesoplax showing the cun/ature at the dorsal margin and the pore to the

inner surface just below it. Figure 13. Enlargement of the hinge area of the left valve to show the chondrophore with a large

tooth on it postehor dorsal margin, the umbonal reflection, and the inner surface of the mesoplax.
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5 mm

/ .1

-'im

Plate 11. Xylophaga who; Turner n. sp. from Pillsbury, station 394.

Figure 1. Anterior view of entire animal showing mesoplax in place, the anterior adductor muscle, the pedal opening of the

mantle, the retracted foot, and young on the dorsal surface of the valves. Figure 2. Enlargement of the umbonal area, mesoplax,

and attached young.
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5 mm

0.1 mm

Plate 12. Xylophaga profunda Turner n. sp. from U.S. Naval Oceanographic Office test site, Tongue of the Ocean,

Andros Island, Bahama Islands.

Fiqures 1-3 Holotype Figure 1 . Dorsal view showing round ridge posterior to the umbonal-ventral sulcus, the mesoplax, and

atfached young Figure 2. Side view of left valve. Figure 3. Enlarged anterior view of dorsal area to show mesoplax. Figures

4, 5. Dorsal view of paratypes to show range of length-width relationships, concavity of postenor slope, as well as arrangement

and number of young. Figure 6. Enlarged young.
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5 mm

Plate 13. Xylophaga profunda Turner n. sp. from U.S. Naval Oceanographic Office test site Tongue of the Ocean,

Andros Island, Bahama Islands.

Figures 1, 2. Inner view of left valve of two specimens to show differences in intensity of muscle scar impressions, the riblike

ridges extending from the umbonal-ventral ridge, the placement of the mesoplax, and the chondrophore. Figure 3. Enlargement

of the hinge area of the left valve to show the chondrophore. Figures 4-6. Anterior, dorsal, and ventral view of mesoplax.
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Plate 14. Xylophaga abyssorum Dall.

Figures 1-5. Specimens from U.S. Naval Oceanographic Office test site, Tongue of the Ocean, Andros Island, Bahama Is-

lands. Figure 1 . Outer view of right valve of immature specimen with mesoplax in place and showing ridge posterior to umbonal-
ventral sulcus. Figure 2. Inner view of same valve, showing groove posterior to umbonal-ventral ridge, ligament, and charac-

teristic muscle scar of young specimen. Figure 3. Dorsal view of same valve with mesoplax in place. Figures 4, 5. Mesoplax
of young specimen with large ventral portion. Figure 6. Dorsal view of right valve of holotype of Xylophaga abyssorum for

comparison with Figure 3. Figure 7. Dorsal view of young specimen from Gerda, station 266, with mesoplax developing lobes

on dorsal portion.
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Plate 15. Xylophaga abyssorum DaW.

Figures 1-4. Specimens from Pillsbury, station 944. Figure 1. inner view of right valve showing muscle scars, deep groove
posterior to the umbonal-ventral ridge, and the small chondrophore. Figure 2. Enlargement of hinge area of same speci-

men. Figure 3. Hinge area of left valve. Figure 4. Dorsal view of umbonal area with mesoplax in place. This is the most
elaborate mesoplax observed, having two tubes and a third developing. Figure 5. Dorsal view of specimen from Gerda, station

266, with two tubes formed on each plate of the mesoplax and with two young just posterior to the umbos.
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Plate 16. Xylophaga abyssorum DaW.

Figures 1-5. Specimen from Pillsbury, station 944. Figure 1. Lateral view of right valve. Figure 2. Anterior view of opposed

valves with mesoplax in place. Figure 3. Posterior view of opposed valves with mesoplax in place and showing the inflated

umbos and ridge. Figure 4. Dorsal view of opposed valves. Figure 5. Enlarged view of mesoplax and umbonal area.
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Plate 17. Xylophaga duplicata Knudsen from Galathea, station 745, Gulf of Panama (all from Knudsen, 1961: 175).

Figure 1 . Lateral view of left side of holotype, shiowing tfie mesoplax in place, standing off from tfie surface of thie valves. Figure

2. Inner view of left valve of a paratype shiowing thie small smooth posterior adductor muscle scar. Figure 3. Left side of

extended siphon of a paratype. Figure 4. Enlarged view of posterior end of the siphon. Figure 5. Dorsal view of the meso-
plax. Figure 6. Ventral view of mesoplax.
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Plate 18. Xylophaga murao/ca/ Turner n. sp. from U.S. Naval Civil Engineering Laboratory Test Site I.

Figure 1. Lateral view of holotype showing siphons. Figure 2. Inner view of left valve showing muscle scar and simple chon-

drophore. Figure 3. Dorsal view of the two plates of the mesoplax of a mature specimen showing large basal portion. Figure

4. Dorsal view of right plate of mesoplax. Figure 5. Ventral view of left plate of mesoplax. Figure 6. Lateral view of left plate

of mesoplax.
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1 mm
Plate 19. Xylophaga muraokai Turner n. sp. from U.S. Naval Civil Engineering Laboratory Test Site I.

Figure 1 . Anterior view of fiinge area showing chondrophore and internal ligament. Figure 2. Posterior view of mesoplax fitting

between the umbos. Figure 3. Dorsal view of young specimen with partially developed mesoplax. Figure 4. Mesoplax of

young specimen. Figure 5. Enlargement of posterior end of siphons showing cirri around the siphonal apertures.
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1 mm
Plate 20. Xylophaga atlantica Richards from about 15 miles off Ipswich, Massachusetts, in 73 m.

Figure 1. Entire specimen with siphons extended, showing relative lengths. Figure 2. Enlargement of the posterior end of the

siphons, lateral view. Figure 3. Enlargement of the posterior end of siphons dorsal view showing the numerous small cirri

surrounding the incurrent siphonal aperture and the larger, less numerous cirri of the excurrent siphon.
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1 mm

Plate 21. Xylophaga washingtona Bartsch.

Figures 1-3. Specimen from U.S. Naval Civil Engineering Laboratory Test Site I. Figure 1. Dorsal view of entire specimen

showing the relative length of the siphons. Figure 2. Dorsal view of siphons from just anterior to the truncation of the excurrent

siphon. Figure 3. Dorsal view of siphons in area of truncation to show contracted aperture of the excurrent siphon of a short

tube, and the short lateral lobes extending from the truncation. Figure 4. Specimen from about 40 miles Wof Silver Point,

Oregon. Aperture of incurrent siphon showing cirri.
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1 mm

Plate 22. Xylophaga rikuzenica Taki and Habe from off Rikuzen, Honshu, Japan.

Paratype, Museum of Comparative Zoology 194821.

Figure 1 . Inner view left valve showing posterior adductor muscle with herringbone markings. Figure 2. Outer view of left valve

showing broad ventral sulcus. Figure 3. Anterior view of opposed valves showing mesoplax in place, the condyles, and chon-

drophore. Figure 4. Dorsal view of opposed valves showing mesoplax in place, umbonal reflection, and broad, deep umbonal-

ventral sulcus. Figures 5-7. Dorsal, lateral, and ventral views of the mesoplax showing the large ventral portion.



292 Bulletin Museum of Comparative Zoology, Vol. 157, No. 4

5 mm 5 mm

Plate 23. Xylophaga depalmai Turner n. sp. from U.S. Naval Oceanographic Office test site off Fort Lauderdale, Florida.

Figure 1. Lateral view of holotype shiowing sipfions with lateral pehostracal sheath containing clusters of irregular glasslike

granules. Figure 2. Dorsal view of holotype showing mesoplax that is only slightly coiled posteriorly. Figure 3. Dorsal view of

specimen with slightly more coiled mesoplax. Figure 4. Siphons showing fringed lappets. Figure 5. Enlargement of

fringe. Figure 6. Inner view of left valve showing muscle scars. Figure 7. Inner view of left valve showing prodisso-
conch. Figure 8. Enlargement of hinge area of left valve showing umbonal reflection and chondrophore. Figure 9. Enlargement
of chondrophore.
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Plate 24. Xylophaga depa/ma/ Turner n. sp. from U.S. Naval Oceanographic Office test site off Fort Lauderdale, Florida.

Figures 1-5. Specimen with the two plates of mesoplax fused. Figure 1. Outer view of right valve. Figure 2. Inner view of

right valve showing lightly impressed muscle scars. Figure 3. Dorsal view of fused plates of mesoplax. Figure 4. Ventral view

of mesoplax. Figure 5. Lateral view. Figures 6-8. Dorsal, ventral, and lateral view of mesoplax with plates partially fused

ventrally. Figures 9, 10. Dorsal and ventral views of a mesoplax, which is broadened anteriorly and has a reduced ventral

portion. Figures 11-13. Dorsal, ventral, and lateral views of an unusually broad mesoplax with unequal plates and reduced

ventral portion. Figures 14,15. Dorsal and ventral views of a broad mesoplax strongly coiled posteriorly, with a widened median

area that separates the coils. Figures 16, 17. Dorsal and ventral views of a typical mesoplax with only the periostracal portion

of the ventral portion fused.
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1 mm

Plate 25. Xylophaga guineensis Knudsen.

Figures 1-3. Specimen from Pillsbury, station 260. Figure 1. Lateral view of entire animal sfiowing foot, siphons, and perios-

tracal sheath with fine whitish granules. Figure 2. Dorsal view showing siphons, prodissoconch, mesoplax, and loose perios-

tracal sheath with granules. Figure 3. Anterior view showing foot, anterior adductor muscle, and mesoplax in place. Figures

4, 5. Specimen from Atlantique Sud. station 33. Figure 4. Inner view of right valve showing specimen with high flaring posterior

slope, prodissoconch, posterior adductor muscle scar, and deep groove bounding the umbonal-ventral ridge. Figure 5. Outer

view of right valve showing wide anterior slope and narrow, bladelike ridge posterior to the shallow umbonal-ventral sul-

cus. Figures 6-9. Specimens from Atlantique Sud, station 146. Figure 6. Inner view of right valve of specimen with low,

rounded posterior, small posterior adductor muscle scar set very high. Figure 7. Outer view of left valve with very closely set

ridges on anterior slope. Figures 8, 9. Dorsal views to show variation in the mesoplax in place.
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2 3 4

Plate 26. Xylophaga guineensis Knudsen.

Figure 1. Specimen from Atlantique Sud station 146. Umbonal area showing chondrophore, prodissoconch, and umbonal re-

flection. Figures 2-4. Specimens from Atlantique Sud, station 33. Figure 2. Dorsal view of opposed plates of meso-
plax. Figure 3. Ventral view of right plate of the mesoplax to show long cornucopialike shape. Figure 4. Dorsal view of right

plate of mesoplax.
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Plate 27. Xylophaga mexicana Dall.

Figures 1-4. Specimens from "replication reef," Santa Monica Bay, California. Figures 1, 2. Outer and inner views of left valve

of specimen close to the holotype. Figure 3. Lateral view of entire specimen showing inflated mesoplax and siphons. Figure

4. Dorsal view of entire specimen showing mesoplax and expanded foot. Figures 5, 6. Outer and inner view of right valve of

the holotype (from Turner, 1955, pi. 90).
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Plate 28. Xylophaga mexicana Dall from "replication reef," Santa Monica Bay, California.

Figure 1. Enlargement of the siphons to show the truncation of the excurrent siphon, the finely fringed lappets, granules em-
bedded along the side of the siphon, and the papillose end of the incurrent siphon. Figures 2, 3. Ventral and dorsal view of

mesoplax. Figures 4, 5. Inner and outer lateral views of mesoplax showing flange that fits down between the umbos.



298 Bulletin Museum of Comparative Zoology, Vol. 157, No. 4

Plate 29. Xylophaga tipperi Turner n. sp. from U.S. Naval Oceanographic Office test site off Fort Lauderdale, Florida.

Figure 1 . Lateral view of holotype showing foot and extended siphons. Figure 2. Inner view of left valve to show smooth posterior

adductor muscle scar. Figure 3. Dorsal view showing mesoplax in place. Figure 4. Enlargement of posterior end of incurrent

siphon to show the fhnged lappets and the single row of glasslike plaques along the side. Figure 5. Lateral and three-quarters

view of glasslike plaques. Figures 6-9. Mesoplax. Figure 6. Dorsal view of right plate showing flat surface and faint sculp-

ture. Figures 7, 8. Ventral view of hght and left plates. Figure 9. Lateral view of right plate to show the compressed main

portion and the posterior ventral flange that extends down between the umbos.
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1 mm

Plate 30. Xylophaga bayeri Turner n. sp. from U.S. Naval Oceanographic Office test site off Fort Lauderdale, Florida.

Figure 1. Lateral view of fiolotype showing sipfions and mesoplax in place. Figure 2. Dorsal view of holotype, sfiowing the

lateral extension of the mesoplax. Figure 3. Enlargement of the siphons showing the truncated excurrent siphon and the fringed

lappets. Figure 4. Ventral view of the mesoplax. Figure 5. Dorsal view of the mesoplax.
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1 mm

5 mm
Plate 31 . Xylophaga bayeri Turner n. sp.

Figures 1-3. Specimen from Gerda, station 266. Figure 1. Inner view of valves showing smooth muscle scar; narrow, high

umbonal-ventral ridge, and broad, recurved umbonal reflection that adheres to the valve. Figure 2. Dorsal view of specimen
showing broad umbonal reflection and the mesoplax. Figure 3. Enlargement of the mesoplax, dorsal view. Figures 4, 5.

Specimen from U.S. Naval Oceanographic Office test site off Fort Lauderdale, Florida. Figure 4. Lateral view of a young
specimen with partially developed mesoplax. Figure 5. Dorsal view of a young specimen with partially developed mesoplax.
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5 mm

1 mm

Plate 32. Xylophaga japonica Taki and Habe.

Figures 1-5. Paratype from Tosa Bay, Shikoku, Japan. Figure 1. Outer view of left valve showing thin ridge posterior to

umbonal-ventral sulcus and elongate posterior slope. Figure 2. Dorsal view of mesoplax with distinct concentric sculp-

ture. Figure 3. Ventral view of mesoplax showing flange that fits between umbos. Figure 4. Inner lateral view. Figure 5.

Outer lateral view showing flange. Figures 6-11. Specimens from Anton Bruun, station 23. Figure 6. Outer view of left

valve. Figure 7. Inner view of right valve showing chondrophore and smooth posterior adductor muscle scar. Figure 8. Outer

view of mesoplax of a small specimen. Figure 9. Inner view of mesoplax of a small specimen. Figure 10. Outer lateral view

of mesoplax of a small specimen. Figure 1 1 . Inner lateral view of mesoplax of a small specimen.
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Plate 33. Xylopholas a/tena/ Turner from Gerda, station 66.

Figures 1-3. Holotype. Figure 1. Lateral view of entire animal with the anterior adductor muscle relaxed so that the mesoplax

is flattened and not visible, showing siphonal plates and young carried on ventral surface. Figure 2. Ventral view showing the

mesoplax held in place by periostracum, the ventrally carried young, and the recurving of the siphonal plates. Figure 3. Dorsal

view showing the mesoplax in place and the umbonal reflection. Figure 4. Enlargement of posterior end with the incurrent

siphon projecting beyond the siphonal plate. Figure 5. Posterior end with left plate removed to show the muscle that extends

into the cavity of the plate to which the siphonal retractor muscles attach. Figure 6. Lateral view of a very small specimen,

contracted antehorly so that the plates of the mesoplax are folded upward. Figure 7. Outer view of siphonal plate. Figure 8.

Inner view of siphonal plate.
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1 mm
Plate 34. Xylopholas altenai Turner from Gerda, station 66.

Figure 1. Outer view of rigfit valve sfiowing beaked portion of the anterior slope. Figure 2. Inner view of right valve showing

the large posterior adductor muscle scar, pedal retractor scar, prodissoconch, and ligament. Figure 3. Inner view of upper part

of left valve to showing the chondrophore and the mesoplax in its periostracal membrane. Figure 4. Dorsal view of the two

plates of the mesoplax.
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Plate 35. Xyloredo noo/ Turner from U.S. Naval Oceanographic Office test site, Tongue of the Ocean, Bahama Islands.

Figure 1. Inner view of left valve showing divided muscle scar. Figure 2. Outer view of left valve. Figure 3. Outer view of left'

valve of holotype showing the flaring posterior dorsal margin. Figure 4. Inner view of right valve of holotype showing the divided

posterior adductor muscle scar, the deep groove separating the disc from the posterior slope, and the umbonal reflection. Figure

5. Anterior view of opposed valves, showing the chondrophore and internal ligament. Figure 6. Dorsal view showing the thin

mesoplax.
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1 mm

Plate 36. Xyloredo ingolfia Turner from /ngo/f Expedition, station 67.

Figure 1 . Lateral view of an entire animal, showing the periostracal sheath, the extended anal and siphonal canals, and the short

siphons. Figure 2. Dorsal view of an entire animal, showing the periostracal sheath, the extended anal and siphonal canals,

and the short siphons. Figure 3. Lateral view of a very young specimen showing the large prodissoconch and the produced

beaked portion of the anterior slope. Figure 4. Lateral view of left valve with periostracal sheath attached. Figure 5. Dorsal

view showing the produced, recurved beaks, the umbonal reflection, and the mesoplax with only the central portion of each plate

calcified. Figure 6. Inner view of right valve with well-marked posterior adductor muscle scar. Figure 7. Inner view of left valve

with lightly marked scar and large prodissoconch.
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1 mm

Plate 37. Xyloredo ingolfia Turner from /ngo/f Expedition, station 67.

Figure 1 . Inner view of left valve showing large prodissoconch, strong umbonal-ventral ridge, reduced posterior slope, and lightly

impressed posterior adductor muscle scar. Figure 2. Outer view of left valve showing the produced beak and rounded low

posterior slope.
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Plate 38. Xyloredo nace// Turner from U.S. Naval Civil Engineering Laboratory Test Site I (submersible test unit 1-4).

Figure 1 . Lateral view of holotype. Figure 2. Lateral view of specimen partially dissected from the wood shiowing the calcereous

tube with the anterior periostracal margin and the papillose periostracal sheath covering the animal between the tube and the

valves. Figure 3. Anterior-lateral view of entire specimen showing foot and mesoplax. Figure 4. Inner view of left valve showing

muscle scars and chondrophore. Figure 5. Outer view of left valve.
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