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Abstract

A variety of pelagic nemerteans from our collections off California and Hawaii between 1992 and 1997 have a
pair of epidermal structures, usually visible on the intact specimens. located on the ventro-lateral margins near the
caudal end of the body. The anly previous reports of similar structures from pelagic or any other nemericans are for
two species of the genus Plotonemertes. Histological serial sections of at least one specimen from each of about
16 morpho-species demonstrate that these are specialized glandular regions of the epidermis, which we broadly
term postero-lateral glands. The objects of this study are to describe these glands at the level of light microscopy
and to consider their systematic implications and possible functions. Most of the glands consist of two more or
less spatially segregated types of secretory cells. One type is usually at the anterior end of the gland and resembles
typical mucous goblet cells. The other type usually is the more abundant, and resembles 1 nemertean serous cell,
with secretion that probably is relatively proteinaceous. The glands of one of the Plotonemertes specimens have
two additional types of secretory cells that are relatively abundant. This study reports on postero-lateral glands from
30 specimens: three specimens of Plotonemertes in the family Protopelagonemertidae, 18 in at least three genera
of the family Pelagonemertidae, six in the monotypic family Balaenanemertidae, and three of Proarmaueria in the
family Armaueriidac. The glands are relatively large, with large quantities of secretory vesicles, indicating that
they must be of considerable importance to the animals. However, neither structure nor location offer self-evident
clues to function of these glands. We also report on different forms of regional specialization in the epidermis of
Crussenemertes and Nectonemertes, both of which lack postero-lateral glands.

Introduction

Pelagic nemertean specimens we collected between
September 1992 and July 1997 from various sites off
California and Hawaii were often retrieved in excel-
lent condition, providing unparalleled opportunity for
morphological studies. On several of these freshly
collected specimens we noticed a pair of reflective,
whitish epidermal patches en the ventro-lateral mar-
gins near the caudal end of the body. Histological
examination showed these structures to be glandular.
Subsequent careful examination of other specimens in
our collection yielded a diverse assortment of pela-
gic nemerteans that have these glands, not all of

which were easy to observe unaided or ¢ven with a
stereomicroscope.

The epidermis of polystiliferous pelagic nemer-
teans has received little attention, because it is missing
in most specimens collected prior to 1992. Coe (1926)
described the epidermis of pelagic nemerteans as be-
ing thin and delicate, but bearing the same general
arrangement of ciliated and glandular cells as occurs
in the epidermis of littoral nemerteans. He described
epidermal ciliated cells as being somewhat less nu-
merous in pelagic nemerteans, and glandular cells as
being of two kinds, those filled with a granular se-
cretion and those filled with a clear mucus secretion.
He also remarked that there are no other integument-
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ary glands, and that pelagic nemertcans apparently
secrete much less mucus than do littoral species, Kato
& Tanaka {1938) described the epidermis of Pelugone-
merfes mosefevi Biirger, 1899, as consisting of ciliated
columnar cells and two kinds of glandular cells, cor-
responding to those of Coe (1926). Eosinophilous
glandular cells were described as being especially
abundant in the ventral epidermis of the caudal fin
(Kato & Tuanaka, 1938)., Presumed integumentary
sensory organs, sometimes called bulb-shaped organs,
consisting of a conical group of very slender cells with
elongated basal nuclei, were known from most species
that had sufficient epidermis. These occur irregularly
over the whole body of P. moseleyi, as well as many
other pelagic nemertean species (Brinkmann, 1917a;
Coe, 1926; Kato & Tanraka, 1938).

Norenburg { 1985) described the epidermal glandu-
lar cells found in members of all four orders of
benthic nemerteans as belonging to three types, mu-
cous, serous and bacillary. The mucous cell contains
a large vesicle of primarily mucopolysaccharide con-
tent, which is relatively labile in aqueous fixatives and
staining media, This probably accounts for poor stain-
ing when the mucous cell is in the epidermis, as it
is in most nemertcans other than heteronemerteans:
the secretion is primarily basophilic and cvanophilous
{Norenburg. 1985). The serous cell forms a goblet of
secretory material that is relatively stable in aqueous
and aleoholic fixatives and has staining reactions sug-
gestive of a high proportion of proteinaceous material;
usually it is acidophilic and azanophilous. The secret-
ory mass is initially an accumulation of finely granular
material that may condense to form large, homogen-
eous or irregular, opaque bodies or granules, which
may he secreted before they coalesce (Norenburg,
1985). Bacillary cells comprise a diverse grouping.
Staining reactions are more variable, but also point to
relatively high proteinaceous content; their secretory
material is in the form of discrete, often paracrys-
talline, membrane-bound vesicles that are usually of
uniform size and shape within a cell type, from 0.2 to
0.6 um in diameter or length, and spaced uniformly
in the cytoplasmic matrix (Norenburg, 1985). Several
types are often found within a species, and their ul-
trastructural morphology shows wide variation across
species. Although one or more bacillary cells may be
distributed throughout the cpidermis, they are associ-
ated spatially and temporally with specialized activ-
ities, such as adhesion and reproduction (Norenburg,
L985).

The epidermis of benthic hoplonemerteans is dom-
inated by the mucous goblet cell, followed in abund-
ance by the serous cell. The scant previous evidence
and our own observations suggest the same for pelagic
hoplonemerteans (Brinkmann, 19174; Coe, 1926; un-
publ. obs.). A remarkably specialized pair of glandu-
lar epidermal structures was reporied by Brinkmann
{1917a,b) from a male specimen of a pelagic hoplone-
mertean, Plotonemertes udhaereny Brinkman, 1917,
These structures are located on the ventral surface near
the posterior end of the body and were described as
semicircular folds of the integument, leading posteri-
orly beneath the surface into a blind glandular pouch
{Coe, 1926). Brinkmann (1917a,b) suggested that the
glands might aid the male in adhering to the female
during spawning, Coe (1936) studied 27 specimens,
including females, of P. adhaerens, as well as a female
of 4 new species, which he described as Plotonemertes
aurantiaca Coe, 1936, in which the glands are widely
separated. Coe {1936) described the organs as being
comprised of deep convolutions of surface ¢pithelium
extending beneath the basement membrane. occur-
ring in both sexes, but being more highly develaped
in males. He reported that the organs receive large
branches from the adjaccut latcral nerve cords and
concluded from this that they might be sensory as well
as glandular {Coe, 1936),

We know of few other references to epidermal
specialization, other than the bulb-shaped organs. in
pelagic nemerteans. Biirger (1909} noted specialized
glandular epithelium surrounding the male gonopores
of Balaenanemertes chuni Birger, 1909, now known
from several additional species (see Norenburg and
Roc, 1998). Brinkmann (1917a) mentioned a pair of
ventro-lateral oval structures lying along the caundal
end of Balaenaneniertes lobata (Joubin, 1906) that he
considered sensory. Indeed, his text (1917a: 131) and
his figure {1917a: plate 16, Fig. 12) describe a ciliated
epithelium distinguished by a lack of glandular cells.
Korotkevich {1955) described a pair of *band-shaped’
organs in several armaueriids. These are distinguished
by a unique elaboration of the lateral the nerve cords
and bear no resemblance to the glands we will discuss
(Maslakova, pers. comm.; unpubl. obs.}.

The objectives of this study are to describe, with
light microscopy, the general properties of the glands
we call postero-lateral glands in specimens collec-
ted by uvs. These properties include the shape, size,
thickness, types of glandular cells, and general loc-
ation of the glands. Our material is not of sufficient
quality for detailed cytological. histochemical or ul-




trastructural studies. We consider the implications of
these glands for biology and evolutionary diversifica-
tion in pelagic nemertcans. For that reason, we also
include preliminary ebservations on regional special-
izations of epidermis found in Crassonemertes and
Nectonemertes.

Materials and methods

Specimens used in this study were collected from four
sites during eight cruises off central California and cne
cruise off Hawaii between September 1992 and July
1997, on oceanographic cruises of the RV, Point Sur
and the R.V. New Horizon directed by Dr. Jumes Chil-
dress or personnel from Monterey Bay Aquarium. The
tour sites off California were within an area from Point
Lobos in the north (latitude 36° 36,7' N) to the Cali-
fornia/Mexico border in the south (latitude 32% 27.30/
N). and ranged from about 47 to over 160 km from
shore (between longitudes 117° 57.12 W and 123°
(18.85" W). The cruise off Hawaii was approximately
13 km west of Waianae, Oahu (between latitudes 21°
14.66° N and 21° 63.4' N and longitudes 158°10.48'W
and 158° 73" W), April-May, 1993 (Roe & Norenburg,
1999), All specimens, excepl twa, were collected us-
ing 4 modified Tucker Trawl (MTT) (Childress et al.,
1978). The MTT has a 10-mopening, 6-mm mesh net,
a 30-1 thermally insulated closing cod end, and was
towed al speeds between | and 1.5 ki (Roe & Noren-
burg. 1999). Specimens 263 and 274 were collected
using a Multiple Opening/Closing Net and Environ-
mental Sensing System (MOCNESS-1D) {Wiebe et
al., 1985), with 1-m? opening and 0.505-mm mesh
net, towed at about 1.94 kt (Roe & Norenburg, 1999),
Specimens collected off Hawait are designated by HI
before specimen numbers; specimens designated by
rumbers only were collected off California.
Specimen length and width to nearest mm, and sex,
when obvious, were recorded either on shipboard or
postfixation. Specimens were relaxed in MgCls iso-
tonic with local seawater and were fixed in 8-10% buf-
fered scawater, Hollande's cupri-picri-formal-acetic
fluid or Streck Tissue Fixative (Streck Laboratories,
Omaha, NE). Specimens were cleared in benzy] ben-
zoate and photographed prior to embedding for light
microscopy. Specimens were embedded in paraffin
(56°C m.p.), sectioned at 8 um, and stained with
Heidenhain®s ‘azan’ (Galigher & Kozloff, 1971) or
a trichrome method adapted from Mallory, Gomori
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and Gurr-McConaill (Crandall, National Muscum of
Natural Histoery, Washington, D.C.. pers. comm.).

We observed a total of 30 serially sectioned speci-
mens, including 24 intact specimens in which postcro-
lateral glands were visible, plus an additional three
intact specimens that were similar to some of the 24
specimens but were lacking visible glands, and three
specimens of Proarmaueria in which glands were not
visible to the unaided eye. Material sectioned spe-
cifically for this study included at least onc specimen
from each of 10 morpho-species in which the glands
were visible in intact specimens. An additional 11
previously sectioned specimens were also stdied, for
a total of 14-17 morpho-species. Sectioned material
included specimens of all morpho-species in which
glands were visible in intact specimens. Also studied
were sections of Crassonemertes and Nectonemertes.
After additional taxonomic work, all specimens will
be deposited as vouchers in the collections of the
National Museum of Natural History, Washington,
D.C.

Characteristics of the dorsal blood vessel were suf-
ficient to classify specimens to family level. Genus
designation was determined by comparison of spe-
cimen characteristics to literature descriptions, but
sometimes by a best approximation (taxon name fol-
lowed by 7).

Position of the posterc-lateral glands was recor-
ded on photographs of whole specimens. Glands were
easily recognized in serial sections by concentra-
tions of red glandular secretion. Greatest width and
height were measured with an ocular micrometer and
averaged from sections; ratio of average maximum
width of both glands to average corresponding section
widths was calculated (Table 1). Lengths of glandu-
lar areas were determined by multiplying the number
of sections by 8 um. Unless a gland on one side of
the body was damaged or missing, average length
was recorded. We were unable to differentiate the an-
terior, mucoid portion of the gland of specimen #36
sections because of poor staining. Specimen lengths
were determined prior to embedding. Thus, gland-
to-specimen-length ratios are affected by dehydration.
To estimate gland-to-specimen-length ratios for #338
and #303, lengths of specimen and gland were both
measured from a 35-mm slide of each specimen.
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Results

Specimen classification and sex

In 24 of the 30 serially sectioned specimens, the dorsal
blood vessel enters the thynchocoel, and ends blindly a
short distance posteriorly, still within the rhynchocoel;
this is characteristic of the Pelago- and Balaenane-
mertidac. Within family Pelagonemertidae, seven of
our specimens (#68, 88, 416, 489, 720. 837, and
858), all females. belong to two or three species in
genus Cuneanemertes, and lwo others (#334, female
and 33%. male} possibly betong to genus Cuneone-
meries as well, Three specimens (#27, male; 87, male
or hermaphroditic in male phase; and 263, male)
are probably in genus Prbaluenanemertes. Two spe-
cimens (H1 42, probably immature male; and 529,
fematle) belong to separate species in genus Pelagone-
mertes. Four specimens (#93. [cmale; HI ||, male;
98, female; and HI 13, male), cach representing
a different species. appear to be members of family
Pelagonemertidac; but we have not determined their
generic placement. Six specimens, all male, belong
to the genus Baladenunemertes, family Balaenanemer-
tidac (#HI 24, 36, 274, 726, 753 and 1002). Three
specimens (146, male; 303, female; 737, male) belong
to Plotonemertes, tamily Protopelagonemertidae, The
two males belong to different Plotonemertes species;
the female is probably in the same species as male
737. Three specimens (USNM 174040-174042) are
identitied as Proarmaueria ¢f pellucida, in the family
Armaueritdae. Our specimens in this species appear
1o be sequential hermaphrodites. showing either weli-
developed ovaries with a few small, poorly developed
testes or well-developed testes with one or two small
ovaries. Two of the specimens are in the temale-
dominant phase and one is in the male-dominant
phase.

Gland description, Pelagonemertidae and
Balaenanemertidae

On whole specimens of pelago- and balaenanemert-
ids, postero-lateral glands usualty appear to the naked
eye as reflective, whitish, triangular or oval patches
distinct from adjoining epidermis. and range from
barely visible to conspicuous (Figs 1-11). Glands dif-
fer in appearance between genera. and occasionally
between specics within genera. The two most commeon
forms are long, narrow, backward-pointing triangtes
(Fig. 1}, as in Cuneonemertes, or shorter, narrow tri-
angles. resembling ribbons. as in Balaenanemertes

(Fig. 2). Variations of the narrow triangle are seen in
HI 11 (Fig. 9) and HI 13 (Fig. 11). Most vanrations
are different combinations of the two regions of the
gland. Glands of some intact specimens (Probalaen-
anemertes’? 27, Probalaenanemertes? 87, Fig. 4; and
#93, Fig. 8) have the appearance of ice cream cones
topped with vanilla ice cream, with the anterior part
whitish and oval, and the narrow “cone’ a yellow to
brown triangle. In others (#263, Fig. 5; 198, Fig. 10;
338; Fig. 3; and H1 42, Fig. 6), both parts are whitish,
The glands of Pelagonemertes 529 are small, lumpy
circles, near the front of the 1ail fin (Fig. 7), rather
than elongate triangles as in all of our other specimens
in these two tamilies.

The posiero-lateral glands are approximatety
ventro-laterad or laterad to the lateral nerve cord
on cach side of the body. On average, they are at
about 80% of the body length [rom the tip of the
head {Table 1) and in front of the caudal fin when
a fin is present. The (wo specimens of Pelagone-
mertes, (HI 42, Fig. 6 and 529, Fig. 7} differ from
all other pelago- and balaenanemertids; the glands arc
at about 90% from the cephalic tip and located on
the tail fins, which places the glands refatively distant
from the lateral nerve cords. Glands on average com-
prise about 82% of body length in pelagonemertids
(Tabie 1). Again, the two Pelagonemertes spacimens
differ from other pelagonemertids; their glands com-
prise less than half of the average percent of body
length (Table 1). Glands of the balacnanemertid spe-
cimens also are a much smaller percent of body length
(average = 4.2%, excluding specimen #36) than most
of the pelagonemertids (Table 1).

The glands are easily recognized in sections (Figs
13-38) as strongly differentiated regions of epidermis,
usually with an abundance of strongly stained red
or fuschia granules, Glands of pelagonemertids and
balaenanemertids in sections are approximately rect-
angular, ranging from nearly square (Figs 23-24,
Cuneonemertes 858) to extremely long and short
(Pelagonemertes HI 42, Figs 28-29). Height of the
glandular epidermis is about the same as adjacent epi-
dermis, ranging from about 30 to 88 gem in all pelago-
and balacnanemertids except in HI 13, where it ap-
pears to be considerably thicker (Figs 37 and 38, and
Table 1). A mixture of ciliated and mostly mucous
glandular cells border the glunds. The ¢pidermis of
the glands in pelago- and balaenanemertids is fur-
ther difterentiated into an anterior region containing
primarily mucoid cells with cyanophilous secrction
that stains more strongly than other epidermal mu-




Figures {-12. 1

specimens. Arrows point 1o postero-lateral glands. Scale bar lengths in purentheses. (1) Cuneonemertes sp. female #416
(5 ). (2) Bafaenanemertes sp. male #36 (5 mim). (3) Cuneonemeries’?

sp. male #338, amow between two parts of postero-lateral gland

(1 mm). () Probelacnonemertes? sp. male #87, black arow al white pant of gland, white arrow at tan cone-shaped gland region, righ
wiero-laleral gland (500 pm). (5) Probafaenanemertes? sp. male #263 (3 mm). (6) Pelagonemertes sp. immature male? #HE42 (2.5 mm

Pelagonenertes sp. Temale #5329 (2.5 mm). (8) Peluponementidae s
& I

lemale #93 {3 mm). (Y} Pelagonemertidae sp. male #H1 11 (300 jemy. (10

Pelagonemertidae sp. female #198 (5 mmy. (11) Pelagonemertid male #HI 13 (3 mm). (12} Plotonesmertes sp. male #737 (5

cous goblets (Figs 13-14, 16, 20, 21. 26, 30. 31.
33, 35). and a posterior region ol azanophilous (red-
staining) serous cells (Figs 13, 17-19, 22, 23, 25,
27-30. 32, 34, 36-38). This pattern probably ac
counts for the differentiation observed in the glands
of some intact specimens. The anterior mucoid cell re-
gion s usually the shorter of the two gfandular regions;
comprising about 43% of the otal gland in Cuneone
mertes specimens: 43% in Probalaenanemertes? spe
cimens: 25% in Pelagonemertes spectmen HI 42 and

63.5% n Pelagonemertes 529; 69% in specimen 93
(in which the mucoid glandular region is especially
well-developed. Figs 33 and 35); 35% in HI 1{: 33%
in 198; and 50% in HI 13. In two specimens/species
of Balaenanemertes, the mucoid region varied from
627 (#24) 10 17.5% (#1002): poor staining of sections
prevented identification of the anterior gland region in
specimen #36. Branches from the lateral nerve cords
extend 1o, or at least toward, the postero-lateral glands
i sections of a few specimens. but these seemed no
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Tuble 1. Genus. specimen number, distance of postero-lateral
glund from anterior end of specimen, percent of 10tal bedy length
and hody width comprised ol glands. and gland height (zim) of
specimens in families Pelagonemertidae and Balaenanemertidae,
and genus Plotonemertes.

Genus Distunce % Body Sk Body  Height.
Specimen # (%} Length Width {jam)
Cunennemertes
68 79 8.4 12.2 74.3
&8 NA 4.2 16.8 79.2
416 79 8.3 18.2 297
489 ] 8.2 234 297
720 NA 104 15.6 495
857 74 13 21 54.5
B58 89 8.2 16.4 79
Cuneonemertes?
338 77 10 NA NA
Pefagonetmertes
HI 42 87 4.0 282 39.6
529 92 26 1.9 32.2
Genus Unassigned
93 82 106 258 54.5
198 84 1.7 18.8 T4.3
Hl 11 80 11 28.8 59.4
H1 13 80 10 576 79.2
Probaluenanemertes?
27 NA 8.7 332 49.5
87 62 8.1 10 06
263 76 NA NA NA
Balaenanemeries
HI 24 81 4.3 36.7 40
36 83 A 25.7 40
726 81 NA NA NA
1002 80 4.1 283 88
Plotememertes
146 g6 33 829 254.1
303 85 kA | 42 158.4
737 75 5.8 81.2 222.8

Specimen numbers preceded by HI are from Hawaii; others are
from Calilornia. NA, data not available. Glands were not visible
on specimens Crneonemertes?, #334 and Baloenunemeries #2734
and 753, See Muterials and methods Tor measurement methods.
*Partial measurement.

more conspicuous than the branches geing to other
parts of the body wall. Bulb-shaped sensory organs
were not found in any of the glands, but they usually
were present in the general body epidermis when this
was present.

Gland description, Plotonemertes, Family
Protopelagonemertidue

Specimens #146 and #737 are both males, belonging
to separate species in genus Plotonemertes. Specimen
#303 is female, probably of the same species as spe-
cimen #737, Glands in the males are clearly visible
to the naked eye, much more prominegnt than in the
female. In males, they are bulging circles appearing to
meet mid-ventrally at the front of the narrow caudal
region (#737, Fig. 12 and Table 1). The glands of the
female appear as small, inconspicuous squares at the
front of the naccow caudal region and do not meet mid-
ventrally (Table 1). Sections reveal that the glandular
epidermis of all three specimens is convoluted (Figs
39-45) and conspicuously thicker than the general
body epidermis (Table 1), with much of the gland
prajecting deep into the ventral body wall. In #146,
non-folded but similarly glandular ventral epithelium
connects the two folded parts throughout the length of
the gland (Figs 39 and 40). In specimen #737, the two
parts are connected only by a narcow, posterior band of
venteal epidermis (Figs 42 and 45). The gland pouches
lie directly under and very close to the lateral nerve
cords (Figs 39 and 42}. As in our pelago- and balaen-
anemertid specimens, branches from the lateral nerve
cords extend to or toward the glands but seem no more
conspicuous than nerve branches going to other parts
of the body wall. The anterior mucoid glandular region
is not well-differentiated, but strongly blue-stained
mucoid cells are mostly restricted to the anterior of
the gland and mixed with red-stained cells (Figs 39
and 40). The main population of glandular cells in
both males (and presumably in the female, the sec-
tions of which did not stain well) consists of granular
serous cells (Fig. 41). In specimen #737, which has
the most elaborate glands, in addition to mucoid and
serous cells, there is a large population of what appears
to be blue-stained bacillary cells in the central part of
the gland, with granules about 2-2.5 z¢m in diameter
(Fig. 43). In addition, there is a large population of
slender cells, concentrated in the central region of the
gland, containing widely spaced bacillary granules,
aboul 1 pm diameter, with strong orange-G staining
affinity (Fig. 44). As in other groups we studied, bulb-
shaped sensory organs are present in the general body
epidermis but not in the glands.

Gluand description, Proarmaueria cf. pellucida,
Famnily Armaueriidae

The postero-lateral glands of Proarmaueria ct. pel-
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Figures 13-24. Transverse sections showing postero-lateral glauds. 8 gom thickness, Original magnification and scale bar lengths in parentheses,
(I3 Cuneonemertes sp. #4106, left arrow points o serous eells of posterior glandular regron: right arrow points to mucoid cell anterior glandular
region (4. | mm). (14) Cuneonemertes sp. #4106, right, side mucoid cells in anterior region of gland (40, 100 pm). (15) Cuneonemertes sp.
#857, right side. beginning ol serous cell portion of glind with some mucoid cells still present at far right (10x, 400 p2m). (16) Cuneonenertes
sp. #857, right side, mucoid cells of anterior region of gland (40, 100 gan). (17) Cuneonenertes sp. #857, right side, serous cells in posterior
region of gland (40, 100 pm). (18) Cuneonemertes sp. #489, right side, serous cells in posterior region of gland (10>, 400 gun. (19)
Cuneonemertes sp, #4189, right side, serous cells. higher magnilication (40, 100 gam). (20) Cuneonemertes sp. #720, mucoid cells in anterior
region of glands (4, 1.mm). (21) Cuneonemertes sp. #720. right side. mucoid cells (40x, 100 jem). (22) Cuneonemertes sp. #1720, right side,
serons cells (40 100 gy, (23) Cuneonemertes sp. #858. serous cell posterior region of glands (10x. 400 o). (24) Cuneonemeries sp. #358,
right side, mucowd cells 1o right. serous cells to left (40, 100 zzm).
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Figures 2536, Transverse sections showing postero-lateral glands, 8 pm thickness. Original magnification and scale bar lengths in parentheses.
(25) Probaluenancuertes? sp. #87, serous cells in posterior region of glands on both sides ol section (4, | nun). (26) Probalacnanemeries? sp.
#87. right side, mucoid cells (40, 100 gem). (27) Probaluenanemertes? sp. #87, left side. serous cells (40x, 100 gzm), 28. Pelagonemertes sp,
#H1 42, Tong. thin posterior serous cell regions ol glands on tail fin, both sides of body (4, 1 mm). (29) Pelagonemertes sp. #1142, right side.
serous cells (40, 100 pm), (30) Pelagonemeries sp. #5329, mucoid cell anterior region of gland on right, serous cell posterior region of gland
on left (4=, 1 mmp (31) Pelugonemertes sp. #529. mucoid cells (40 x, 100 gem). (32) Pelugonemertes sp. #3529, serous cells (40x, 100 ),
(33) Pelagonemertid #93. mucoid antenor regions of glands, both sides. especially well developed on this specimen (10x, 400 jam). (34)
Pelagonemertid #93, serous cell region (10 400 gam), (35) Pelagonemertid #93, right side, mucoid cells (40 x, 100 gm). (36) Pelagonemertid
#198. lelt side. serous cells (40 <, 100 zm). )
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37 38 39

Frgures 3748, Transverse sections showing postero-latecul glands, 8 jam thickness, Original magnitication and scale bar lengths in parentheses,
(37 Pelagenemertid #HE 13, thick serous cell region of gland on both sides of section £ 10, 400 1em). ¢38) Pelagonemertid #HI 13, serous cell
region, lngher magniication (40, 10O gomy. (39) Plotanemertes sp. #1346, glands bulge inward: epithelium is somewhat convoluted, glandular,
non-convoluted epithelium connects the lateral parts (10x, 400 jpm). (40) Plotonemertes sp. #1406, left side. venuul connector, serous cells
with mucoid cells interspersed (40 100 o), (41) Plotonemertes sp. #146, right side, inward bulging part of gland with adjacent epithelium,
mainly serous cells (405, 100 pm). (42) Plotanemertes sp. #737. glands do not meet at midline except at their back end (4x., | mm), (43
Plotonemertes sp. #737, nght side. mucoid bacillary cells (20x, 200 pom). (43) Plotonemertes sp. #737. right side. serous cells plus a few cells
with bucillary granules having strong orange-G staining properties (20, 200 gm). (45) Plotonemertes sp. #737, midventral meeting of glands
at their buck end (10, 400 gem). (46) Proarmaieria ¢f pellucida (USNM 174040, lefu side, serous cells in small glandular area (enclosed by
oval line) medial to lateral nerve cord (40 x, 100 gom). 47, Crassonemertes of robusta (USNM 1740534 ), left side, glandular cells tenclosed by
oval line) of anterior Tateral body edge (40, 100 m). (48) Nectonemertes ¢l mirabilis (USNM 174034), right side, glandular lateral epidermis
ditfers from mucus-dominated dorsal and ventral epidermis (20>, 200 gom).
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fucida were first recognized by Svetlans Maslakova,
who will be providing a more detailed account in a
review of the family. It is sufhicient here to poim out
that the glands are located mediad to the lateral nesve
cords, but in approximately the same posterior posi-
tion as postero-lateral glands (Fig. 46). Although qual-
ity of staining is poor. the gland appears to consist en-
tirely of a relatively narrow ribbon of strongly stained
azanophilous serous cells without mucoid cells. The
gland was not visible 10 the unaided eye.

Regional specializations of epidermis,
Crassonemertes and Necionemertes

The specimen of Crassonemertes (USNM 174054)
{Family Planktonemertidae ) examined has a very well-
preserved epidermis. It lacks postero-lateral glands,
but it does have a pair of well-differentiated, ventro-
tateral ribbons of glandular epithelium meeting in
front of the mouth and extending backward for abous
2 mm. The dominant cell type is an azanophilous
granular scrous cell, among which mucoid cells are
distributed that stain more strongly than those of ad-
Jjacent epidermis (Fig. 47). All of the cell types are
represented in the rest of the epidermis, but it is
dominated mostly by empty-appearing mucoid goblet
cells.

The specimen of Nectonemertes (USNM 412601)
(Family Nectonemertidae) examined shows strong dif-
ferentiation of lateral epidermis along much of the
trunk region, concentrating a higher proportion of
azanophilous serous und bacillary cells in this region
(Fig. 48).

Discussion and conclusions

To date, we have found posterc-lateral glands visible
to the unaided eye only in members of the families
Pelagonemertidae, Balaenanemertidae and the genus
Plotonemertes in family Protopelagonemertidae. The
glands in specimens belonging to families Pelagone-
mertidae and Balaenanemertidae generally appear to
the unaided eve as lines, triangles. or ovals. Some
of these, when viewed with a stereomicroscope, are
shown to be more complex: for instance, yellowish-
brown, smooth-edged, narrow, triangle behind an oval,
spindle-shaped. or linear white region. Some differ-
ences in overall shape of the glands within specimens
or between specimens may be due te damage, espe-
cially in cases where much or all of the adjoining epi-
dermis is missing. Other differences in gland structure

may be species- or genus-specific and taxonomically
useful. For example, members of Probaluenanemertes
and Balaenanemertes are strikingly similar except for
the lack of externally-evident tentacles in Probalaen-
anemerfes and differences in overall appearance of
their postero-lateral glands. Differences in general
appearance of glands in specimen #338. initially re-
garded as a Cuneonemertes by us, and otherwise sim-
ilar Cuneonemertes specimens, indicate that #338 may
not belong to that genus. The glands of two species of
Pelagenemertes, HI 42 and #3529, are very different
from each other as compared to other pelagonemer-
tids. Ditferences in the glands of males of the two
species of Plotonemertes (specimens #146, #737) are
evidently species-specific.

In cross section, glands of members of Pelagone-
mertidae and Balaenanemertidae appear fairly uni-
form, extending laterad from a position under or
external 1o the fateral nerve cords. Additionally, the
muceid and serous cells are segregated into anterior
and posterior regions respectively.

Pelagonemertidac and Balaenanemertidae share,
uniquely among polystiliferous pelagic nemerteans,
a dorsal blood vessel that ends blindly in the rhyn-
chocoel a short distance after its entry point into the
thynchocoel. The primary characteristic separating
members of these two families is a pair of tentacles
near the brain, in both sexes, in the Balaenanemer-
tidae. The similarities we found in the postero-laterul
glands of members of these two families support an
inference of close relationship between them, and
support Korotkevich’s (1955) synonymy of the two
groups.

Plotonemertes, in contrast to members of families
Pelagonemertidae and Balaenanemertidae, has enorm-
ously developed glands, covering much of the ventral
body surface near the candal end in males, In males,
the two glands are connected ventrally by glandular,
non-folded epithelium, apparently in species-specific
fushion. The glands in our female specimen of Plo-
tonemertes are far smaller than those of the males,
as was found also by Coe (1936), making the glands
of the female more similar to those of the pelagone-
mertids and balaenanemertids. However, the glandular
epithelium of Plotonemertes, females and males, dif-
fers from postero-lateral glands in other genera in that
it is convoluted, much thicker {two to three times)
than adjacent epidermis, and the mucoid and serous
cell types are not spatially segregated. The ventral
body wall in both males and females of Plotonemertes,
again unlike that of our other specimens, is recessed as




two deep inward-projecting folds of the entire body
wall, as was noted by Brinkmann (1917a) and Coe
(1936).

Postero-lateral glandular specializations not vis-
ible to the unaided eye occur inProarmaueria cof. pel-
lucida, family Armaueriidae. These glands resemble
those of the Pelago- and Balacnanemertidae more
closely than those of Platonemertes, but they lack
mucoid cells and they are located completely mediad
of the tateral nerve cords.

The sex-related dimaorphism of glands in Plorone-
mertes found by Coe (1936) and by us might reason-
ably be expected to reflect differences in functional
importance of the glands 10 each sex. We found glands
in both male and female specimens throughout the
genera we studied. However, with the exception of
Plotonemertes, we did not have adequate sectioned
material of both male and female specimens for any
one species or genus to provide additional insight on
sexual dimorphism.

Neither the structure of these glands nor their loc-
ation on the body offer selt-evident clues to function.
From the fact that they exist one can reasonably in-
fer that the postero-lateral glands are of considerable
importance to these animals. In fact, they may be a
novel adaptive feature of pelagic nemerteans. They
are large relative to specimen size, about 8% of total
body length and 23% (pelago- and balaenanemertids)
to 82% (males of Plotonemeries) of body width in the
narrowed caudal region where the glands are lecated.
The glands produce large numbers of presumed secret-
ory vesicles. Proleinaceous secretions are among the
most costly to make, and such concentrations are rare
among benthic hoplonemerteans (unpubl. obs.). This
cost might be especially important in the deep sea,
where these nemerteans live, because the deep sea is
theught to be more nutrient-poor than shallew/surface
regions (Nybakken, 1997).

Brinkmann (1917a.b) suggested that the glands of
Plotonemertes might aid the male in adhering to the
female during spawning. Coe (1936) suggested that
the glands of Plotonemertes might be sensory as well
as secretory, becausc they receive large branches from
the adjacent lateral nerve cords. We observed no such
nerve elaboration. The secretions from these glands
could be toxic, as in other hoplonemerteans (e.g.,
Kem, 1983); bioluminescent. or convey pheromones
or ather chemical messengers. Biolurninescence has
evolved in nearly every group of marine organisms
{Haddock & Case, 1999), reaching its most com-
plex development in mesopelagic animals (Nybakken,
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1997). 8. Haddock and P. Roe were unsuccesstul
in causing a living female specimen of Cureone-
mertes cf. nigra (Coe, 1945) w produce light from
her postero-lateral glands (unpubl. obs.). Additionally,
S. Haddock (pers. comm,) does not think the cyto-
logical structure of the postero-lateral glands, at the
level of light microscopy, resembles the structure of
light producing arcas of animals he has studied. Thus,
pelagic nemerteans continue to comprise one of the
few groups of mesopelagic animats in which biolu-
minescence has not been documented (S. Haddock,
pers. comm.).

Secretion of the postero-lateral glands might con-
vey substances that function as chemical messengers
{e.g., pheromones, repellents) but no evidence for this
is available in our histological preparations. Species-
specific messengers could be extremely useful, as
most mesopelagic nemertean species appear to be ex-
ceedingly thinly dispersed (Roe & Norenburg, 1999).
Neither pheromones nor pheromone-like substances
have been recognized from any nemertean group to
date, although synchronized reproductive behavior of
several species might suggest pheromonal recogni-
tion (e.g., swimming by Cerebratulus spp. at time of
spawning).

The sexual dimorphism seen in Plotonemertes
points suggestively to a sex-related function of
postero-lateral glands. However, that could reflect spe-
cialization subsequent to some other function. The
glands in the other species of this study are poorty
positioned to function in tandem for the purpose of ad-
hering to a partner. Perhaps these glands deploy strings
of sticky mucus to entangle small prey or discharge
noxious mucoids to deter predators. A prominent at-
tribute of posterc-lateral organs is that they usually are
the last of the epidermis to be lost, which suggests
that these structures are more firmly bonded to the un-
derlying connective tissue. That would be a desirable
property if the glands were used in adhesion of any
S0L1T.
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