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ABSTRACT

A new and relatively large species of leptostracan crustacean, Nebalia hessleri, is described
from enriched sediments and detrital mats off southern California. The new species is charac-
terized by its size, possession of ‘““normal” (versus lobed) eyes, rectangular and unpaired sub-
rostral keel, acute dentition of the posterior pleonite borders, and caudal furca approximately
twice the length of the telson. Clark’s Nebalia pugettensis (Clark, 1932) is herein declared a
nomen nudum. The new species differs from specimens at Friday Harbor, Puget Sound, Wash-
ington, in the form of the epimeron of the fourth pleonite, the dentition along the posterior
border of the fifth through seventh pleonites, the relative length of the telson and caudal furca,
and size. Coloration may also serve to distinguish N. hessleri from other species if egg-bearing
females are available; eggs of N. hessleri are cream or gold colored. The new species differs
from a currently unnamed sympatric species that occurs in adjacent sand flats (Vetter, in press)
primarily in the morphology of the first antenna, which is greatly reduced in the sand-flat
species, and the eye, which has unique dorsal and ventral corneal protrusions in the sand-flat
species.

Selected aspects of the external morphology of the new species are illustrated via scanning
electron microscopy, highlighting a previously unappreciated diversity of spines and setal types.
Based on these photographs, some limbs are suggested as having sensory functions. Selected
features of the Friday Harbor specimens also are illustrated via SEM. Limited notes on feeding
behavior and oxygen level tolerances are provided, based on preliminary laboratory observa-
tions. Finally, we include a morphology-based key to identification of the currently recognized

families and genera of the Leptostraca.

The phyllocarid crustacean order Lepto-
straca is currently recognized as comprising
two extant families: Nebaliopsidae Hessler,
1984, containing only the genus Nebaliop-
sis G. O. Sars, 1887, and Nebaliidae Baird,
1850 (emended by Hessler, 1984), contain-
ing the genera Nebalia Leach, 1814, Par-
anebalia Claus, 1880, Nebaliella Thiele,
1904, Dahlella Hessler, 1984, Sarsinebalia
Dahl, 1985, and Speonebalia Bowman, Ya-
ger, and Iliffe, 1985 (see Hessler, 1984;
Dahl, 1985; Bowman et al., 1985). In Cal-
ifornia waters, only the genus Nebalia has
been reported, and it has been assumed un-
til recently that all specimens belong to a
single species, Nebalia pugettensis (Clark,
1932) (originally described as Epinebalia
pugettensis, transferred to Nebalia by Can-
non, 1960). Because of similarities between
Clark’s description of N. pugettensis and
the species described in this paper, it may
be necessary to revive Clark’s original ge-

nus, Epinebalia, at some later date (see Dis-
cussion).

Recent and ongoing ecological work in
the area of La Jolla, San Diego, California,
by one of us (EWV) (Vetter, 1994, 1995,
and in press) has demonstrated that there
are at least four leptostracan species found
along the coast of western North America,
only one of which (N. pugettensis) has been
previously described (and that one incom-
pletely so), with the description of a second
species currently in press (Vetter, in press).
In this study, we declare the sole previously
described west coast species, N. pugettensis
(Clark, 1932), to be a nomen nudum, and
describe a new species from detrital mats in
submarine canyons off the coast of southern
California. The average number of individ-
uals in these mats has been estimated to
reach 1.5 million/m?, contributing to the
highest density of any macrofaunal assem-
blage yet reported (Vetter, 1994; see below
and Vetter, 1995, for more detailed habitat
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notes). In addition, we extend what little is
known about leptostracan ultrastructural
morphology by describing selected mor-
phological features using scanning electron
microscopy; compare some of these fea-
tures to those of specimens collected near
Friday Harbor, Washington (the original
collecting site of N. pugettensis); provide
preliminary observations on the natural his-
tory (feeding and oxygen level tolerances)
of the new species; and provide a key to
the extant families and genera of the Lep-
tostraca.

MATERIALS AND METHODS

Animals were collected during ecological investi-
gations of the benthic community off the coast of La
Jola, California, U.S.A. The habitat consists of detrital
mats with low oxygen levels (see Vetter, 1995) in sub-
marine canyons. The habitat is dynamic, with the de-
trital mats expanding during summer periods of calm
and contracting when surge, generated by winter
storms, moves some or all of the material deeper into
the canyon. The mats are composed primarily of surf
grass (Phyllospadix spp.) and kelp (Macrocystis pyri-
fera (Linnaeus, 1771), FEgregia menziesii (Turner,
1808), Laminaria spp., Pterygophora californica Ru-
precht, 1832), though other algae including Sargassum
spp.. Ulva sp., Pelvetia fastigiata Setchell and Gardner,
1917, and a variety of small red algae are sometimes
common. Collections from which the specimens de-
scribed herein were taken were made on 29 February
1992 using an air-powered suction device on a detrital
mat at the head of Scripps Canyon, approximately
1,000 m north of the Secripps Institution of Oceanog-
raphy pier, at approximately 32°52.5'N, 117°15.5"W, at
a depth of 60 feet (19 m).

The detrital mats were sampled at least monthly, as
weather permitted. Cores were taken using a large steel
cylinder (0.185 m?), which was used to isolate a por-
tion of the mat. Hedge trimmers (shears) were used to
cut the detritus along the inner wall of the cylinder,
and then a vacuum lift was used to remove the material
from within the cylinder.

Animals were separated from the detritus by flota-
tion and were then skimmed off, the remaining water
poured through a 500-wm sieve, and the process re-
peated. Animals were preserved in 4% Formalin in sea
water and later transferred to 70% ethyl alcohol.

Specimeans of a second species of Nebalia were col-
lected from a mud flat at Argyle Bay, Friday Harbor,
San Juan Island, Washingion, U.S.A., a site closer to
Clark’s (1932) collecting locality for N. pugerntensis.
These specimens were collected with a 7.62-cm di-
ameter push core and then sieved on a 500-um screen.
Leptostracans were found in samples associated with
3 patches of decaying wood and patches of the green
alga Ulva.

Written descriptions and illustrations are of the ma-
ture females, as recommended by Dahl (1985), and
follow the guidelines and terminology provided by him
for leptostracan systematics. However, because we are
employing scanning electron microscopy (SEM), we
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have added additional descriptive comments that may
or may not prove to be of taxonomic impottance once
similar stroctures in other leptostracans become
known. In addition, the second antenna of the male is
described because of its potential importance as a tax-
onomic character. Illustrations were made with the aid
of a Wild M5APO dissecting microscope and a Nikon
Labophot, both equipped with a camera lucida. Spec-
imens subjected to scanning electron microscopy were
gradually dehydrated to 100% ethanol and transferred
to hexamethyldisilazane (HMDS) for air drying (see
Nation, 1983). Slight sonication was used on some
samples to clean the cuticular surface. Specimens to
be sonicated were rehydrated to distilled water and
subjected to brief (5--10-s) bursts in an ultrasonic
cleaner with low amounts of a commercial surfactant
added for cleaning; these specimens then underwent
ethanol dehydration and HMDS drying. After being
mounted on stubs, specimens were sputter-coated with
gold and examined using a Cambridge Stercoscan 360
at 10kV. Length measurements were made from the tip
of the rostrum to the center of the posterior emargi-
nation of the carapace (for carapace length) or to the
tip of the caudal furca but excluding the setation (for
total length). The female holotype, male allotype, 40
designated female paratypes, and many other (nenpar-
atypic) specimens of the new species are deposited in
the Crustacea collections of the Natural History Mu-
seum of Los Angeles County (LACM). Additional
paratypes have been deposited in the National Museum
of Natural History, Washington, D.C. (USNM}, the
California Academy of Sciences, San Francisco
(CAS), and the Scripps Institution of Oceanography
collection (SIO).

Cursory observations of feeding behavior were
made in the laboratory. To keep animals within the
focal range of a vertically and horizontally tracking
side-mounted dissecting microscope, narrow aquaria
(30 x 30 X 3 cm) were constructed. This arrangement
allowed individuals to be followed for extended peri-
ods of time over the entire volume of the aquarium.

To determine whether the new species has a greater
tolerance to low oxygen and elevated hydrogen sulfide
relative to other animals from the same or nearby hab-
itats, a preliminary and somewhat crude experiment
was conducted. The new species, the amphipod Or-
chomene limodes Meador and Present, 1983 (also from
the detrital mats), and several other species from the
mats and from the adjacent sandy plain environment
were placed individually in 300-ml flasks of anoxic sea
water with either 1.23 mmol or 2.08 mmol of hydrogen
sulfide. Virtnally all oxygen was removed from the sea
water by bubbling nitrogen gas through it for 30 min
(verified with an oxygen meter), after which time the
animals were introduced and the container was sealed
while small nitrogen bubbles were still present in the
water. The flasks were then maintained in a constant
18°C water bath, and the condition of the animals was
checked every 30 min.

REsULTS
Systematics

Nebalia pugettensis (Clark, 1932)

This species was originally described as
a new species of a new genus, Epinebalia,
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by Clark (1932). The original description is
vague, not only as to the collecting locality
(given only as “from Puget Sound™), but
also as to the features that would differen-
tiate this species from others in the genus
(e.g., see Dahl, 1985). There were few il-
lustrations provided (2 plates) other than
micrographs, which were of rather low res-
olution. Furthermore, and most unfortunate-
ly, we have been unable to locate any type
specimens in searching the following insti-
tutions: The Natural History Museum of
Los Angeles County, the California Acad-
emy of Sciences, the Canadian Museum of
Nature, the U.S. National Museum of Nat-
ural History, the Royal British Columbia
Museum, the invertebrate teaching collec-
tions at Friday Harbor Laboratory, Friday
Harbor, Washington, U.S.A., and the Red-
path Museum of McGill University in Mon-
treal, Canada (where Clark was employed
at the time the description was published).
Regrettably, because this is a post-1930 de-
scription that fails to conform to Article 13
of the International Code of Zoological No-
menclature (ICZN, 1985), we are forced to
declare Nebalia pugettensis (Clark, 1932) a
nomen nudum (see ICZN, 1985: 260).

Nebalia hessleri, new species
(Figs. 1-13, 16)

Material Examined.—Holotype ¢, LACM 92-169.1,
carapace length (CL) 5.1 mm, total length (TL) 10.1
mm, collected 29 February 1992, Scripps Canyon, La
Jolla, California, 19 m depth (see Materials and Meth-
ods). Paratype ¢ %, same collection data, LACM 92-
169.3 (40 specimens), USNM 280090 (10 specimens),
CASSIZ 104580 (10 specimens), SIO C 9812 (10
specimens). Allotype &, same collection data, LACM
92-169.2. Selected other specimens destroyed in the
course of dissecting for illustrations and/or SEM prep-
aration.

Diagnosis of Mature Female—Total length
(excluding setation) up to 15 mm, average
total length (of a series of N = 20 of the
largest individuals) 9.8 mm (total length
measurements difficult to make because of
strong upward curvature of abdomen); car-
apace length (CL) up to 6.8 mm. Eye nor-
mal (not lobed or subdivided), oval, widest
in center, slightly downturned and slightly
laterally compressed; pigmentation exten-
sive, covering approximately distal two-
thirds of eye. Antennular flagellum well de-
veloped, with 14 or more segments. Dor-
sum of fourth pleonite with posterior border
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bearing acute teeth; tooth of posterolateral
border of pleonite (the epimeron, following
terminology in Dahl, 1985) slightly longer
than others and slightly upturned. Base
(proximal podomere or peduncie) of cor-
responding limb (pleopod 4) minutely ser-
rulate along posterior border, terminating in
sharp tooth at posterolateral corner. Fifth
pleopod with 6 large spines on distolateral
border, with last spine slightly longer than
others and located terminally (directed pos-
teriorly). Sixth pleopod also with 6 spines
along distolateral border, with sixth located
terminally but much longer than (nearly
twice as long as) any other spine. Rostrum
with ventral projection or “keel” more or
less rectangular, unpaired, but with slight
medial depression gently sloping upward
toward ventral surface of rostrum and with
slightly protruding anterolateral corners.
Caudal furcae approximately twice length
of telson and sometimes greater than twice
its length. Acute spines along posterior dor-
sal borders of pleonites.

Description of Mature Female.—Carapace
(Figs. 1, 2a): Approximately 1.5 times lon-
ger than deep, unsculptured, with usual pos-
terodorsal indentation.

Rostrum (Figs. 2a, b; 3b): Rostrum long,
clearly extending beyond eye, distally
rounded, length approximately 2.7 times
width. Length of rostrum of holotype 1.5
mm. Ventral projection or “‘keel” more or
less rectangular, unpaired, but with slight
medial depression gently sloping upward
toward ventral surface of rostrum and with
slightly protruding blunt anterolateral cor-
ners.

Compound eye (Figs. 2a, ¢, d; 3a, ¢):
Large, well developed, elongate-oval and
slightly downturned distally, slightly com-
pressed laterally resulting in weak dorsal
carina (Fig. 2d). Pigmentation (visual sur-
face) extensive, covering at least distal half,
with pigmented area longer than high (more
or less reflecting shape of eye). Not lobed
or subdivided. Base of eyestalk with minute
cuticular scales visible in SEM view (Fig.
3¢). Ocular (supraorbital) plate (Fig. 2¢, d)
sharply tapering to acute tip, relatively
small, extending to approximately one-third
length of eyestalk, and bearing minute setae
(visible only via SEM) especially along
dorsal and dorsolateral surfaces (Fig. 3c).






