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ABSTRACT

Higgins, Robert P., and Reinhardt M0bjerg Kristensen. New Loricifera
from Southeastern United States Coastal Waters. Smithsonian Contributions
to Zoology, number 438, 70 pages, 87 figures, 1 map, 1986.—Eight new
species, comprising two new genera and a new family of Loricifera, are
described from the meiobenthos of medium to coarse sandy subtidal habitats,
289-439 m deep, off the coast of North and South Carolina. Five of the new
species are placed in the new genus Pliciloricus and three are placed in the
new genus Rugiloricus. A new family Pliciloricidae is established for the two
new genera. The diagnosis of the phylum Loricifera is emended to include
the new taxa. The morphology of loriciferans is re-evaluated and new
terminology is established. A discussion of the biology and systematic rela-
tionships of the phylum is included.
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New Loricifera from Southeastern
United States Coastal Waters

Robert P. Higgins
and Reinhardt Mtfbjerg Kristensen

Introduction

The Loricifera Kristensen, 1983, is a phylum
of marine microscopic metazoans recently de-
scribed from the meiobenthos of subtidal coarse
sediments. The phylum, one of three described
during this century (Pogonophora: Caullery,
1914; Johansson, 1937; Ivanov, 1963; Gnathos-
tomulida: Ax, 1956; Riedl, 1969), brings the
total number of living animal phyla to 39, a
figure that includes seven unicellular eukaryotic
protists (Parker, 1982), and continues recogni-
tion of the Pogonophora as a separate phylum,
not as a class in the phylum Annelida as proposed
by van der Land and N0rrevang (1977). The
known existence of the Loricifera dates back to
May 1974, when a single adult male was found
in a coarse-sand sample taken off the coast of
North Carolina by the Senior author in collabo-
ration with several colleagues (Coull, et al.,
1977). Originally, the specimen was assumed to
be a juvenile stage of an undescribed priapulid,
a phylum that, at that time, was undergoing
significant redefinition because of the discoveries
of Tubiluchus corallicola van der Land, 1968, and
Maccabaeus tentaculatus Por, 1973. Ironically,
Tubiluchus, a common inhabitant of coarse sedi-

Robert P. Higgins, Department of Invertebrate Zoology, National
Museum of Natural History, Smithsonian Institution, Washing-
ton, D.C. 20560. Reinhardt Mtbjerg Kristensen, Institute of Cell
Biology and Anatomy, University of Copenhagen, DK-2100 Co-
penhagen, Denmark.

ments, is represented by a yet unidentified spe-
cies in the same habitat as the loriciferans de-
scribed in this paper.

The year following the appearance of the sin-
gle, then unidentified, specimen from the coast
of North Carolina, the junior author found a
similar aberrant invertebrate near Helsing0r,
Denmark while he was engaged in a study of
gnathostomulids. This specimen was more roti-
fer-like, about 80 /tm in length, and came from
coarse sediments, 10-12 m deep. Unfortunately,
it was lost during preparation for transmission
electron microscope examination (Kristensen,
1983). Between 1976 and 1979, and again in
1982, additional specimens, not necessarily the
same species, were found by the junior author
while investigating meiofauna from coarse sedi-
ments (100-110 m depth) outside the harbor of
Godhavn, Greenland. Because these specimens
exhibited no evidence of reproductive organs,
they, also, were thought to be larval stages, per-
haps larval stages of a priapulid considering,
again, the recent discoveries by van der Land
(1968) and Por (1973).

In 1980, a specimen found in coarse coralline
sand from the Chesterfield Reefs (Coral Sea),
was sent to the junior author, who recognized it
as another larva of the yet undetermined taxon.
So far, only larval stages were available for study.
The mystery of the identity of these aberrant
invertebrates, among the smallest metazoans
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known, finally was solved when the junior author
found both larva and adults together in coarse
sediment dredged up near Roscoff, France, in
April 1982 (Kristensen, 1983). Since then, the
known distribution of loriciferans has been ex-
panded to include the Azores Islands (one speci-
men from the Barlett Expedition, 1975), the east
coast of Florida (Kristensen, 1983), the Gulf of
Mexico (USNM Accession 360974), the Mediter-
ranean Sea (Soetaert, Heip, and Vincx, 1984,
and pers. comm.—photograph of adult), and the
Pacific Ocean (B. Burnett, pers. comm.—pho-
tograph of Higgins-larva; Y. Shirayama, pers.
comm.—photograph of adult). For a more com-
plete history of the events leading to the descrip-
tion of this new phylum, the reader should con-
sult Kristensen, 1983.

METHODS.—The specimens upon which this
study is based were from five samples of coarse
sand from depths of 289 m and 439 m on the
continental shelf of the coast of North Carolina
and South Carolina. The sample from which the
first loriciferan was extracted was from material
considered unacceptable for the qualitative study
being conducted during cruise E-5-74 of the
R/V Eastward, 14 May 1974 (Coull et al., 1977).
This sample was made using a Reinick Box Corer
(10 cm X 20 cm). The coarse sand, about 1 liter
in volume, was processed. The single specimen
was preserved in 70% ethanol.

A second series of four samples was made
during a cruise of the R/V Cape Hatteras, 16-19
November 1983. These samples were taken by
an anchor dredge designed by the senior author
to remove a layer of sediment 450 cm wide and
up to 10 cm deep. When filled, about 50 liters
of sediment are collected by the 120 /am mesh
net of this apparatus. The sediment was released
from the net into two large containers, one of
which was used for the extraction of macrofauna
and sediment analysis, the other processed simi-
lar to that described by Kristensen and Higgins,
1984, which was repeated here as follows.

Several handfuls of sediment were placed in a
container with about 5-8 liters of fresh water.
The treatment of coarse marine sediment with
fresh water (Kristensen and Higgins, 1984) has

been found to be a more effective extraction
technique for hard-bodied meiofauna than the
use of an isotonic solution of magnesium chloride
(Hulings and Gray, 1971). The sediment was
gently agitated in the fresh water for about 10-
15 seconds, then it was decanted through a 62
^m mesh nylon sieve. This process was repeated
twice for each unit of sediment preserved. The
material retained by the conical-shaped sieve was
washed with additional fresh water into the bot-
tom of the sieve, which was quickly emptied into
a container of 6% buffered (sodium borate) for-
malin to which a tincture of rose bengal was
added in sufficient quantities to stain all orga-
nisms in order to facilitate sorting. This proce-
dure was repeated until the entire sediment sam-
ple had been preserved.

Sorting was conducted using 50X magnifica-
tion of a stereomicroscope. Specimens of lorici-
ferans were placed in either a solution of distilled
water containing 2% glycerin that was slowly
evaporated to glycerin over 5 to 7 days or to a
special tube, sealed with 40 nm mesh nylon net,
and placed in a small vessel of distilled water.
Ethanol was added slowly to the distilled water
over a period of 48 hours to affect a 100%
ethanol medium. The tube and its contents were
dried in a critical point depression apparatus
using carbon dioxide. Specimens were mounted
on 12 mm glass coverslips covered with Elmer's
glue that were affixed to aluminum SEM stubs
and coated with gold-platinum. SEM examina-
tions were made with a Cambridge Stereoscan
250 MK2 and Stereoscan MK2.

Glycerin-impregnated specimens were
mounted in this same medium or in a modified
Hoyer's medium on glass microslides or on Cobb
aluminum slide frame mounts (Higgins, 1983).
Microslide preparations were sealed with Mur-
rayite. Illustrations were made with the aid of a
camera lucida. Some observations seen only by
SEM were added to the illustrations. Photo-
graphs were taken through a Zeiss Universal
Microscope equipped with phase and interfer-
ence contrast optics.

Specimens of new species have been deposited
in the Zoological Museum of Copenhagen, Den-
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mark, and in the National Museum of Natural LOCALITIES.—Five sampling sites (Map 1) in-
History, Smithsonian Institution, under the cat- volving two general areas of the continental shelf
alog numbers of the former United States Na- of North and South Carolina, both under the
tional Museum (USNM). influence of the Gulf Stream, provided the ma-
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MAP l.—Sampling localities for plicilorid loriciferans.
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terial for this study. The collecting data for ma-
terial examined will be referred to by the senior
author's collection numbers (RH). These data
are as follows:

RH 1695 14 May 1974; col. R.P. Higgins; from medium
(quartz) sand, 400 m depth, ~195 km east of
Cape Fear, North Carolina, USA (34°07.2'N,
75°58.6'W).

RH 1833 16 Nov 1983; col. R.P. Higgins; from medium
(quartz) sand, 430 m depth, -~195 km east of
Cape Fear, North Carolina, USA (34°06.9'N,
75°58.4'W).

RH 1834 16 Nov 1983; col. R.P. Higgins; from medium
(quartz) sand, 439 m depth, ~195 km east of
Cape Fear, North Carolina, USA (34°07.4'N,
75°57.0'W).

RH 1837 19 Nov 1983; col. R.P. Higgins; from medium
(oolytic) sand, 294 m depth, — 195 km east of
Cape Romain, South Carolina, USA
(32°58.8'N, 77O18.1"W).

RH 1839 19 Nov 1983; col. R.P. Higgins; from medium

(phosphorite) sand, 289 m depth, —195 km east

of Cape Romain, South Carolina, USA
(33°03.7'N, 77°22.07'W).

ABBREVIATIONS.—The following abbreviations
are used in the illustrations.

at
ad

af
an

ap
a r

at

ba
be

bg
hi

bt

cl
CO

cp
cs
cs,
CSv

Cl

I)

do

ed
ed,
ed2

es

ex

anal cone
apodeme on the mouth cone

anal field
anus
anal plate

anal ridge

accessory tooth (cl)

bar-shaped structure of midventral plica
buccal canal

buccal canal gland
brain

basal plate of toe

claw-tipped spinoscalid (sr4)
collar

collar pore

clavoscalid (si-,)

ventral clavoscalid

dorsal clavoscalid
claw-tip
dorsal

double-organ

edge of lorica

edge of larval lorica

edge of adult lorica
esophagus

larval exuvium

fl flosculus (Pliciloricus-type)

fl, anter ior flosculus

fla posterior flosculus

gu gut

ha hair

ho hook-shaped scalid of larval exuvium

ia internal armature of larval buccal canal

in introvert

in, introvert of larval exuvium

iii;, introvert of adult exuvium

lc larval closing apparatus

lo lorica

lo, lorica of larval exuvium

lo-i lorica of adult exuvium

Ir, primary double ridge of lorica

Ir;, secondary double ridge of lorica

Is, anterolateral seta

Is-, anteroventral seta

me mouth cone

me, first region of mouth cone

mc2 second region of mouth cone

mc» third region of mouth cone

nih middorsal hook (modified sr9)

mo molting body

mp middorsal plate

mr mucro

ms midventral setae of mouth cone

nit mouth tube

mu muscle

mv midventral scalid

nf flosculus (Nanaloricus-type)

ne nephridiopore(?)

or oral ridge

os oral stylet

ot oral tooth

ph pharynx bulb

pi, plica

pi,, midventral modified plica

po pore on trichoscalid plate

ps penile spine(?)

pt toe gland pore

re ridge

ri transverse ridge of lorica

ro rosette structure

ru ruff

sc scalid

se, posterodorsal seta

se-j posterolateral seta

se:, posteroterminal seta

sp spine on spinoscalid

sr,-srH scalid row 1-9

ss spinoscalid

su sculpture of lorica

te testis

th thorax
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th,
th.
tl
to

thorax of larval exuvium
thorax of adult
telescopic region of mouth cone
toe

tpi-tps trichoscalid plates 1-3
tr

tr,
tr,,
ts

V

trichoscalid
primary trichoscalid
secondary trichoscalid
trichoscalid plate spine
ventral
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Phylum LORICIFERA Kristensen, 1983

EMENDED DEFINITION.—Adults 225-383 /im
long, bilaterally symmetrical marine metazoans.
Body consisting of a spherical, eversible head or
"introvert," a neck and thorax, all retractable
into a loricate abdominal region. Prominent
mouth cone with 8-9 oral stylets or 6-16 oral

ridges, and an extrusible cuticularized buccal
canal centered in the head; head armed with up
to 9 variably distinct rows of appendages or
scalids. Sexual dimorphism may be apparent in
the structure of the first row of scalids or clavos-
calids. Thorax (sensu Kristensen, 1983) appears
to consist of 2 "segments," the anterior portion,
now called the neck, with appendages consisting
of trichoscalids with basal plates, and a posterior
portion, which retains the name thorax and lacks
appendages. Abdomen covered by sclerotized
lorica, consisting of 6 plates with hollow spines
along anterior margin or 22 or more folds of
plica. Flosculi, when present, located posteriorly
on lorica. Saccate gonads open terminally. One
pair of protonephridia present. Myoepithelial
pharynx bulb with or without placoids.

Higgins-larva 80-385 ftm long, with same
body regions as adult. Mouth cone unarmed or
with 6-12 oral stylets; internal armature may be
present. Head always with 8 clavoscalids and up
to 7 rows of spinoscalids, a single middorsal spi-
noscalid always modified. Sometimes with collar-
like area, between seventh row of scalids and
thorax, presumed to be a closing apparatus;
sometimes double ventral plates formed from
same area act as a closing apparatus. Thorax with
5-6 rows of plates formed from transverse and
longitudinal folds. Lorica longitudinally folded,
2-3 locomotory and/or sensory setae present on
anterior margin of lorica. Two toes located cau-
dally; 2 or 3 sensory setae present on posterior
margin of lorica. Development by series of sev-
eral larval stages; postlarval stage precedes defin-
itive adult stage or larva molts directly into adult.

Order NANALORICIDA Kristensen, 1983

EMENDED DEFINITION.—Same as phylum.

PLICILORICIDAE, new family

DEFINITION.—Adults 330-383 nm long. Tri-
partite mouth cone surrounded by 6-12 thin oral
ridges; no annulation in the thin buccal canal;



placoids lacking in the pharyngeal bulb. Two
kinds of unbranched clavoscalids; 2 second row
midventral spinoscalids variously united to form
"double-organ," occasionally well sclerotized; no
gap between the spinoscalids on the head and the
trichoscalids on the neck. Lorica only slightly
sclerotized, with 22 or more longitudinal folds;
flosculi present or absent (in one of two genera).
Anus-gonopore complex apparently positioned
ventroterminally.

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

Higgins-larva 110-375 /xm long, some late
stages larger than adults. Mouth cone with oral
stylets; single ventral oral seta may be present.
Internal armature posterior to pharynx some-
times present. Only 2 pairs of locomotory/sen-
sory setae on anterior edges of lorica; 2-3 pairs
of sensory setae on the posterior edges of lorica.
Toes with large glands, smooth margined. No
flosculi.

TYPE GENUS.—Pliciloricus, new genus.

Key to the Genera of Pliciloricidae

Adult with 15 single trichoscalids [Figure 76], lorica not well defined (cuticle
thin); with 30-60 longitudinal folds or plica; larva with small, ventrally
oriented toes if present, 4 pairs lorical setae if present [Figure 77]

Rugiloricus, new genus
Adult with 8 single and 7 double trichoscalids [Figure 1], lorica well defined

(cuticle thick); with 22 longitudinal folds or plica; larva with straight,
terminal toes, five pairs of setae [Figure 4]

Pliciloricus, new genus

Pliciloricus, new genus

DIAGNOSIS.—Adults 185-310 /xm long, with a
well-defined tripartite mouth cone, with 8
strongly cuticularized oral ridges and 4 thinner
oral ridges; buccal canal weakly cuticularized,
telescopically retractable to only slight extent;
pharyngeal bulb glandular, without placoids.
With 8 more or less pod-like clavoscalids. Com-
plex cuticular formation of 14-30 thin fibers
surrounding base of the mouth cone as a ruff.
Double trichoscalids present. Lorica well de-
fined, with 22 slightly sclerotized plicae. Two or
more pairs of two different kinds of flosculi on
posterior region of lorica.

Higgins-larva 130-305 /xm long, with 6 oral
stylets in mouth cone; buccal canal with internal
armature consisting of a tri- or hexaradially sym-

metrical structure connected to pharyngeal bulb.
Eight clavoscalids present, may be one of two
types; area between last row of scalids and tho-
racic plates forming collar-like closing apparatus.
Two pairs of locomotory/sensory setae at ante-
rior edge of lorica; lorica consisting of only one
piece with many longitudinal folds; 3 pairs of
lorical setae. Toes short to very long, may reach
anterior edge of lorica, hollow with glandular
tissue inside. Anus dorsoterminal.

TYPE-SPECIES.—Pliciloricus enigmaticus, new
species.

COMPOSITION.—Pliciloricus enigmaticus, new
species; P. dubius, new species; P. gracilis, new
species; P. orphanus, new species; P. profundus,
new species.

ETYMOLOGY.—From the Latin plica (fold) plus
lorica (corset); masculine gender.

Key to Adults of Pliciloricus

Two spinoscalids adjacent to ventral midline, row 2, fused except for
terminal region (double-organ) [Figure 1] 2

Two spinoscalids adjacent to ventral midline in row 2 not fused or only
fused near their base 3
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2. The lorica with two pairs of P-flosculi and a rosette structure; claw-tipped
spinoscalids in row 3 with single claw-tip and 4-5 subterminal accessory
teeth [Figure 1] P. enigmaticus, new species

The lorica with a single pair of P-flosculi and 3 pairs of lateral N-flosculi;
claw-tipped spinoscalids with single claw-tip and a single subterminal
accessory tooth [Figure 29] P. dubius, new species

3. The lorica with a single pair of P-flosculi; claw-tipped spinoscalid with
double terminal, strongly curved claw-tip; mouth cone without tube
[Figure 48] P. profundus, new species

The lorica with a single pair of P-flosculi and at least one pair of N-
flosculi; claw-tipped spinoscalid without accessory teeth; mouth cone
with a long tube [Figure 37] P. gracilis, new species

Key to Larvae of Pliciloricus

1. Toes shorter than the lorica 2
Toes same length or longer than the lorica 3

2. Mouth opening with 6 oral teeth and 6 oral stylets; collar well defined
with 7 pores; toes with mucros [Figure 39]. . . . P. gracilis, new species

Mouth opening with a valvate structure; collar indistinct; toes short and
setae-shaped [Figure 4] P. enigmaticus, new species

3. Mouth opening with a valvate structure; collar well defined with 7 thin
areas; toes very long and thin [Figure 49].. .P. profundus, new species

Mouth opening surrounded by hairs; collar not well defined; toes long
and robust [Figure 47] P. orphanus, new species

Pliciloricus enigmaticus, new species

FIGURES 1-28

DIAGNOSIS.—Adults 160-268 ^m long (not
including mouth cone), with double-organ con-
sisting of 2 second-row midventral spinoscalids
fused the basal half of their length, highly mod-
ified, strongly sclerotized, rigid; 15 third-row
spinoscalids claw-tipped with 4-7 teeth, alternat-
ing with 15 unmodified spinoscalids. Lorica with
7 transverse cuticular ridges and longitudinal
double ridges; 2 lateroventral plates of caudal
region each with 2 papillate flosculi ("Pliciloricus-
flosculi"); large rosette structure, consisting of 6
cells with central pore (gonopore?) on midventral
caudal plate. Terminal anus.

Higgins-larva 200-305 nm long, mouth cone
apparently without ventral oral setae (only the
larval exuvium was found). Internal mouth ar-
mature hexaradially symmetrical, with 6 stylet-
like structures, each with a furca joining the

pharyngeal bulb; mouth opening surrounded by
6 valves; cuticular lining in anterior part of
mouth cavity supported by 6 cuticular rods. Four
ventral clavoscalids broad with terminal spine; 4
dorsal clavoscalids slightly narrower; spinoscalids
relatively long, 15-22 pm (scalids were difficult
to see in the larval exuvium). Collar not well
defined and nearly continuous with posteriorly
adjacent rows of thoracic plates; with 2 pairs of
relatively short anterior setae, with small hairs;
lorica sculptured, with midtransverse constric-
tion, and 5-6 transverse ridges. Toes straight,
small (40-58 fim), each with pointed tip; with 2
pairs of sensory setae, each with an enlarged base,
at posterior end of lorica; 2 short spines present
on anal plate. Flosculi not observed, but could
be present.

MATERIAL EXAMINED.—Type Material: The
holotype is an adult female, 238 nm long (Figures
1, 6) from station RH 1834. The allotype is an
adult male (224 /xm long) (Figure 7) also from
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station RH 1834. Paratypes include 1 adult male
from station RH 1695 (Figures 2, 5); 3 larvae
molting to adults, 1 adult male and 1 adult exu-
vium from station RH 1833; 1 adult female
(squash-preparation), 1 newly molted female, 1
female(?) (presumed dead at the time of collec-
tion), 1 newly molted male, 12 larvae molting to
adults, 2 larval exuvia with newly molted adults,
5 adult exuvia (Figure 8), 1 adult female(?) (un-
mounted) from station RH 1834. SEM prepara-
tions include 1 adult male(?) mounted on stub 83
and 1 larva molting to adult (Figures 23-28)
mounted on stub 84, both from station RH 1837.
A total of 34 specimens were examined.

In addition to the holotype (USNM 98556)
and allotype (USNM 98557), 16 paratypes
(USNM 98558) and the SEM specimens have
been deposited in the National Museum of Nat-
ural History, Washington, D.C.; all other para-
types have been deposited in the Zoological Mu-
seum, Copenhagen.

ETYMOLOGY.—From the Latin enigmaticus
(puzzle); masculine gender.

DESCRIPTION.—The holotypic female (Figures
1, 16) is 238 nm long. The mouth cone, not
completely extended in the holotype, is 38 fim
long and consists of three regions (Figures 11,
12). The basal portion of the mouth cone has
eight retractor muscles, each attaching distally to
a cuticular apodeme. The second region, the
broadest part of the mouth cone, has 16 thin
cuticular plates, with eight double ridges, 10 /tin
long. The internal structure of the third region
consists of a cuticularized tubular extension of
thin, flexible buccal canal, about 2 nm in diame-
ter, which can be withdrawn telescopically into
the second region of the mouth cone. Eight
primary and four secondary ridges are visible at
the surface of the third region. Each of the eight
primary ridges is continuous with those of the
second region of the mouth cone, which attaches
to an apodeme (Figure 11, ad), which, in turn, is
continuous with one of the eight retractor mus-
cles of the first region. The four secondary ridges
are difficult to observe and appear to be thick-
enings of the internal cuticular surface. Although

the third region varies in length depending upon
the amount of extrusion, the 12 ridges appear to
be a consistent 20 /im in length, twice as long as
the eight double ridges of the second region of
the mouth cone.

A complex cuticular formation of 14-16 very
thin fibers surrounds the base of the mouth cone
as a "ruff" (Figure 17, ru), hence we have so
named it. These fibers are continuous with an
internal ring-shaped structure behind the phar-
ynx bulb. As part of the introvert, the ruff prob-
ably functions in the retraction of the mouth
cone. In one specimen (RH 1834) the ruff was
fully everted and the mouth cone fully extended.
Each of the 14-16 fibers was coiled near the base
of the first two rows of scalids; each coiled por-
tion was associated with a small plate.

The head (introvert) has nine rows of appen-
dages. The first row consists of eight very large,
pod-shaped clavoscalids, identical in both female
(Figure 1) and male (Figures 2, 7). One margin
of each clavoscalid is heavily reinforced for sup-
port and projects slightly beyond the otherwise
blunt tip. Each clavoscalid is compartmentalized
by 12-13 internal transverse walls, resembling a
leguminous pod. The second row of appendages
consists of seven leg-like scalids; two, at the ven-
tral midline, are partially fused basally and form
the double-organ, ~90 fim long (Figure 17, do).
This specialized appendage is more sclerotized
than other head appendages and stiff hairs occur
near its base. The mouth cone, when extruded,
lies between the two rami of the double-organ.
Inside the two rami of this appendage, ~40 nm
from the base, are two crescent-shaped cuticular
structures. The seven scalids of the dorsal half of
this row are much larger (~ 120 /tm) than those
on the ventral half (~100 /im). In a partially
extended specimen (Figure 2), two dorsal leaf-
like structures were apparent, but could not be
seen in any other specimens.

The third row of scalids consists of 15 smaller
"leg-like" appendages with a double basal swell-
ing. Each spinoscalid is jointed about 20 nm from
the base; two stiff hairs are on each side of this
tubercular joint.


