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New species of Acoela (Acoelomorpha) from the Gulf of California
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Abstract

From a survey of interstitial acoel flatworms at San Felipe Bay, Baja California, Mexico, the new
speciesHaplogonaria amarillasp. nov.(Haploposthiidae)lsodiametra bajaensisp. nov. (Isodi-
ametridae)Praeaphanostoma gusasp. nov.(Isodiametridae) are described.
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Introduction

To date, there is only one species of acoel known from Baja California, M&«itano-
filomorpha guaymensi€rezée, 1975, an interstitial species collected subtidally from
Guaymas, Sonora (Crezée 1975, see also Tyler et al. 2005). As part of an ongoing investi-
gation of the taxonomy and biogeography of the Acoela (Hooge 2003, Hooge & Smith
2004, Hooge & Tyler 2001, 2003a,b, 2005), we collected acoels from San Felipe Bay,
Baja, Mexico in February 2004. We report here our finding of three previously unknown
species.

Materials and Methods

Sediment samples were collected on February 1, 2004 in Baja California, Mexico, and
transported to Scripps Institution of Oceanography for extraction and observation of the
animals. Specimens were extracted from sediment using magnesium-sulfate anesthetiza-
tion (Sterrer 1971). Live animals were viewed by light microscopy in squeeze preparations
and photographed.

For histological study, specimens were relaxed in isotonic magnesium sulfate, fixed in
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ZOOTAXA

warm Stefanini’s fixative (Stefanini et al. 1967), washed in phosphate buffer (Millonig’s,
0.1 M), fixed in phosphate-buffered 1% (v/v) osmium tetroxide, dehydrated in acetone,
and embedded in EMBed/Araldite epoxy resin. Dehydration was quickened by microwave
radiation (Samsung oven, two 7-sec irradiations at 650 W separated by 20-sec interim,
with specimen-vial on ice and with water ballast of two filled 300-ml beakers (Giberson &
Demaree, 1995). Serial thick sections of 1.5um were made according to Smith and Tyler
(1984) and stained with toluidine blue.

Body wall musculature was revealed through F-actin staining of whole mounts with
fluorescently labeled phalloidin (Alexa 488; Molecular probes, Eugene, OR) according to
Hooge (2001).

Type material has been deposited in the American Museum of Natural History
(AMNH), New York, New York, USA.

Results

Family Haploposthiidae Westblad, 1948
GenusHaplogonaria Dorjes, 1968
Haplogonariaamarilla sp. nov. (Figs. 13)

Type Material: Holotype. AMNH PLATY 1658, one set of 1.5-pm-thick serial sagittal
sections of epoxy-embedded specimens stained with toluidine blue. Paratypes. AMNH
PLATY 1659, one set of 1.5-pum-thick serial sagittal sections of epoxy-embedded speci-
mens stained with toluidine blue, and AMNH PLATY 1660, epoxy-embedded whole
mount.

Type Locality. San Felipe, Baja California, medium grained sand from a small pool of
standing sea water at the high intertidal from the south side of San Felipe Bay
(30°58'35.1"N, 114°48'22.6"W).

Other Material Examined. Living specimens in squeeze preparations; three sets of
1.5-um-thick serial sections of epoxy-embedded specimens; several whole mounts for flu-
orescence imaging of musculature.

Etymology. Species name is a derivation of the Spaaishrillo, yellow, referring to
the species body color.

Description. Mature, living specimens up to 650 um long and 150 um wide (Figs.
1A, 2). Preserved specimens contracted to approximately 360 pum long and 140 um wide
(Figs. 1B, 3). Body cylindrical. Anterior and posterior ends rounded. Body color yellow
by transmitted light.

Epidermis completely ciliated. Many large rhabdoid glands present; mostly concen-
trated at anterior end (Figs. 1, 2).

Musculature with circular muscles that encircle the body along entire length of animal;
straight longitudinal muscles present between frontal organ and anterior edge of mouth;
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longitudinal-cross-over muscles (fibers with a longitudinal orientation anteriorly, but bendooTaxa

medially to cross diagonally) present in both dorsal and ventral body wall; anterior e
with ventral diagonal muscles positioned between outer circular and inner longitudinal

muscles (Fig. 3A).

FIGURE 1. Haplogonaria amarillasp. nov; reconstructions to show arrangement of organs. A.
Dorsal reconstruction of elongated living specimen. B. Sagittal reconstruction of embedded holo-
type. cs, digestive central syncytium; e, egg; fg, frontal gland; gp, gonopore; m, mouth; rh, rhabdoid
gland; sb, seminal bursa; st, statocyst; sv, seminal vesicle; t, testes; v, vagina.
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ZOOTAXA Frontal organ well developed; cell bodies of frontal glands positioned ~100 um behind
frontal pore (Figs. 1B, 2B).
Mouth opening on ventral surface, middle of body. Digestive central syncytium
extends from posterior end of frontal glands to level of seminal vesicle.
Ovary presumed to be unpaired, ventral; no more than two eggs—positioned medi-
ally—discernible in live and sectioned material (Figs. 1, 2A, C).

FIGURE 2. Haplogonaria amarillasp. nov; photomicrographs of living specimen. A. Dorsal
view of whole specimen. B. View of anterior tip. C. View of posterior tip. e, egg; fg, frontal gland;
rh, rhabdoid gland; sb, seminal bursa; st, statocyst; sv, seminal vesicle; t, testes.
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Testes paired, dorsal, compact; separate from ovary. Testes extend anteriorly to legePTAxa
of mouth and posteriorly to male copulatory organ. I

Common gonopore on ventral surface opens anteriorly to sperm-filled seminal vesicle
composed of thin layer of muscle and surrounded on ventral and posterior sides by several
conspicuous nuclei (Figs. 1B, 2B, 3B).
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FIGURE 3. Haplogonaria amarillasp. nov; whole-mount stained with Alexa-488-labeled phal-
loidin and viewed with confocal microscopy. A. Projection of ventral body-wall musculature. For
explanation of muscle patterns see Hooge (2001). B. Focus on parenchymal musculature. Arrow-
heads mark ventral diagonal body-wall muscles. gp, common gonopore; m, mouth; sv, seminal ves-
icle.
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Gonopore opens posteriorly to ill-defined, weak-walled vagina that runs anteriorly
over dorsal side of seminal vesicle to sperm-filled seminal bursa; bursa with well-devel-
oped bursal wall (Figs. 1B, 2B).

Remarks. There are presently 14 described speciétaptogonariathat are united in
having an unpaired ovary, paired testes, and a seminal bursa that lacks a bursal nozzle.
Some species, such Hs arenaria(Ax, 1959),H. elegand-aubel, 1976, and. stradbro-
kensisHooge, 2003 have a non-muscular, or weakly muscular seminal vesicle, while other
species, such ad. phyllospadicisHooge & Tyler, 2003, anti. simplexDdérjes, 1968,
have a strongly muscular seminal vesidie.amarillais more like the former, with only a
very thin layer of muscle contributing to the wall of the seminal vesicle (Fig. 3B). Itis
unusual for members of the Haploposthiidae to have a vagina positioned as it is in this spe-
cies; that is, opening posterior to, and passing dorsally over the seminal vesicle. Within
the Haplogonarig this configuration of the vagina is shared owlgh H. sinubursalia
Ddorjes, 1968. In other regards, the vagina and burkh afmarilla are dissimilar to that of
H. sinubursalia which has a vagina filled with granular secretions (vesicula granulorum),
and a bursa bearing a cap of cells on its proximal wall; both of these features are lacking in
H. amarilla.

Family Isodiametridae Hooge & Tyler, 2005
GenuslsodiametraHooge & Tyler, 2005
Isodiametra bajaensisp. nov. (Figs. 46)

Type Material. Syntypes. AMNH PLATY 1661 and AMNH PLATY 1662, one set of 1.5-
pm-thick serial sagittal sections and one set 1.5-pum-thick serial frontal sections of epoxy-
embedded specimen stained with toluidine blue. Paratype. AMNH 1663, epoxy-embed-
ded whole mount.

Type Locality. San Felipe, Baja California, from subtidal medium grained sand from
the south side of San Felipe Bay (3058'35.1" N, 114°48'22.6" W).

Other Material Examined. Whole mounts for fluorescence imaging of musculature;
photographs of living specimens in squeeze preparations, three sets of 1.5-um-thick serial
sagittal sections and one set of 1.5-um-thick serial frontal sections of epoxy-embedded
specimens.

Etymology. Species name refers to the type locality of Baja California, Mexico.

Description. Examined specimer280 to 330 um long and 75 to 100 um wide (Figs.
4A, B, 5A). Anterior and posterior ends rounded. Body cylindrical.

Epidermis completely ciliated. Many mucoid glands present. Body colorless in trans-
mitted light, but digestive syncytium has brown and slight green coloring.

Body-wall musculature with circular muscles that encircle the body along entire
length of animal; straight longitudinal muscles present between frontal organ and anterior
edge of mouth; longitudinal muscles with a longitudinal orientation anteriorly that bend
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medially to cross diagonally over the body; longitudinal-cross-over fibers present in dors@poTaxa
and ventral body walls; longitudinal muscles in the anterior half of the body that wra
around the posterior rim of the mouth (U-shaped muscles) present in ventral body wall
(data not shown).
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FIGURE 4. Isodiametra bajaensisp. nov; reconstructions to show arrangement of organs. A.
Dorsal reconstruction of whole organism. B. Sagittal reconstruction of whole organism. bn, bursal
nozzle; cs, digestive central syncytium; e, egg; fg, frontal gland; gp, gonopore; gr, granules; gs,
glandular secretions; m, mouth; mg, mucoid gland; p, penis; sb, seminal bursa; sph, vaginal sphinc-
ter; st, statocyst; sv, seminal vesicle; t, testes.
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ZOOTAXA

Frontal organ well developed. Cell bodies of frontal glands positioned 75 pum behind
frontal pore (Fig. 4B).

Mouth opening on ventral surface, middle of body. Digestive central syncytium
extends from frontal glands posteriorly to male copulatory apparatus.

Ovaries paired, ventral; extend from frontal glands posteriorly to bursal nozzle (Figs.
4A, B).

Testes paired, lateral to eggs; separate from ovary. Testes extend from frontal gland
posteriorly to level of the bursal nozzle (Figs. 4A, B).

Common genital pore opens with posterior side opening to male copulatory apparatus,
and anterior side opening to vagina (Figs. 4A, B, 5C).

Vagina is positioned directly anteriorly to the male copulatory organ (Figs. 4A, B, 5C).
Vagina surrounded by a large muscular sphincter; leads to seminal bursa with well-devel-
oped sclerotized bursal nozzle. Lateral extensions of bursal nozzle cells extend posteriorly
to form anterior and lateral portions of seminal bursa wall (Figs. 4B, 5C, 6A).

Gonopore opens directly to well-developed, C-shaped tubular penis with outer non-
anastomosing longitudinal muscles and inner circular muscles (Figs. 4B, 5C, 6B). Circular
muscle fibers are thicker than spaces between fibers. Lumen filled with large spherical
glandular secretions (Figs. 4A, B, 5B, C). Penis invaginated into muscular seminal vesicle
filled with sperm and small spherical granules that surrounds proximal end of penis.

Remarks. The members of the genlsbdiametraare distinguished from the other 18
genera of the Isodiametridae by the presence of a true seminal vesicle, along with a bursa
bearing a single sclerotized bursal nozzle.

The genudsodiametracontains thirteen described species, seven of which have in
common withl. bajaensighe characteristic of a common gonopore. Of thiedmjaensis
is most similar td. divae (Marcus, 1950) andl vexillaria (Marcus, 1948), all of which
have a male copulatory organ with a C-shaped tubular penis containing glandular secre-
tions in the lumen. The body lengthlobajaensiss similar to that of. vexillaria (~300
um), but shorter than that bfdivae (~500 um). The bursal nozzle lotbajaensisis like
that ofl. divaeandl. vexillaria in having lateral extensions that extend posteriorly to form
the anterior and lateral portions of the bursal wall; howdvdiya€es sclerotized portion
of the nozzle is short and thick, ahdajaensishas a long and thin sclerotized nozzle sim-
ilar to that ofl. vexillaria. Isodiametra bajaensizas a wider and thicker vaginal sphincter
compared to those ofvexillaria andl. divae In addition, the circular muscle fibers in the
penis ofl. bajaensisandl. divaeare thicker than the spaces between the fibers; this is not
the case in. vexillaria.

Diagnostic characters df bajaensisinclude: a C-shaped tubular penis containing
glandular secretions in the lumen of the penis, a thick vaginal sphincter, a single, well-
developed sclerotized bursal nozzle with lateral extensions that extend posteriorly to form
anterior and lateral portions of seminal bursa wall, and circular muscle fibers in the penis
that are thicker then the spaces between the fibers.
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FIGURE 5. Isodiametra bajaensisp. nov; photomicrographs. A. Dorsal view of living specimen.

B. Dorsal view of posterior. C. Sagittal histological section of posterior. bn, bursal nozzle; e, egg;
gp, gonopore; gr, granules; gs, glandular secretions; p, penis; sb, seminal bursa; sp, sperm; sph, vag-
inal sphincter; sv, seminal vesicle.
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ZOOTAXA

FIGURE 6. Isodiametra bajaensisp. nov.; whole-mount stained with Alexa-488-labeled phalloi-
din and viewed with confocal microscopy. A. Projection of musculature associated with reproduc-
tive organs including vaginal sphincter. B. Projection showing penis musculature inside seminal
vesicle. bn, bursal nozzle; p, penis; sph, vaginal sphincter; sv, seminal vesicle.

Family Isodiametridae Hooge & Tyler, 2005
GenusPraeaphanostom®orjes, 1968
Praeaphanostoma gusansp. nov. (Figs. 7,8)

Type Material. Holotype. AMNH PLATY 1664, set of 1.5-um-thick serial sagittal sec-
tions of epoxy-embedded specimen stained with toluidine blue. Paratype. AMNH PLATY
1665, set of 1.5-um-thick serial sagittal sections of epoxy-embedded specimen stained
with toluidine blue.

Type Locality. San Felipe, Baja California, from intertidal fine sand from the north-
west corner of San Felipe Bay (31°01'03.4" N, 114°49'50.3" W).

Other Material Examined. Photographs of living specimens in squeeze preparations,
and one set of 1.5-um-thick serial sagittal sections of epoxy-embedded specimen.

Etymology. Species name is a derivation of the Spagisgang worm.

Description. Mature, living specimens400 um long and ~150 um wide (Figs. 7A,
8A, B). Preserved specimens contracted to ~260 um long. Anterior and posterior ends
rounded. Body cylindrical.

Epidermis completely ciliated. Rhabdoid glands present. Body colorless in transmitted
light, but digestive syncytium with yellow coloration.

Frontal organ well developed. Cell bodies of frontal glands positioned ~110 um
behind frontal pore (Fig. 7B).
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FIGURE 7. Praeaphanostoma gusasp. nov; reconstructions to show arrangement of organs. A.
Dorsal reconstruction of whole organism. B. Sagittal reconstruction of whole organism. cs, diges-
tive central syncytium; e, egg; fg, frontal gland; gp, gonopore; gr, granules; m, mouth; p, penis; rh,
rhabdoid gland; sb, seminal bursa; st, statocyst; sv, seminal vesicle; t, testes; v, vagina.

Mouth opening on ventral surface, middle of body. Digestive central syncytium
extends from frontal glands posteriorly to male copulatory apparatus.
Ovaries paired, ventral; extend from frontal glands posteriorly to seminal bursa (Figs.

7A, B).
Testes paired, lateral to eggs; separate from ovary. Testes extend from frontal gland

posteriorly to level of seminal bursa (Figs. 7A, B).
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Common gonopore opens anteriorly to vagina and posteriorly to male copulatory
apparatus (Figs. 7A, 8C).

Narrow vagina extends anteriorly along posterior side of seminal vesicle; opens to
seminal bursa (Figs. 7B, 8C). Seminal bursa with well-defined bursa wall. Bursa filled
with sperm in living specimens, but sperm absent in fixed specimens (Fig. 8C). Bursa
without bursal appendage.

Gonopore opens directly to well-developed, curved penis with outer longitudinal mus-
cles and inner circular muscles (Figs. 7B, 8C). Tip of penis with a cluster of granules
(Kornsekret, sensu Dorjes 1968). Penis invaginated into muscular seminal vesicle filled
with sperm clustered to anterior side of penis.

FIGURE 8. Praesaphanostoma gusasg. nO\}; photor}licrographs. A. Dorsal view of living speci-
men. B. Dorsal view of posterior. C. Sagittal histological section of copulatory organs. gp, gonop-
ore; gr, granules; p, penis; sb, seminal bursa; sv, seminal vesicle.
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Remarks. The genufraeaphanostomi& composed of 10 species that can be distin- zZooTAXA
guished from other members of the Isodiametridae by their possession of a walled semi
bursa that lacks an appendage such as a bursal nozzle, and their lack of eyespots (as found
in Ancylocirrug, or a long tubular, ciliated vagina (as foundBimrsosaphiq Praeapha-
nostoma gusanhas a single gonopore, a slightly curved penis with granules clustered at
the tip of the lumen, and is without a sphincter on the vagina. While all of these are com-
mon features in this genus, no other membédPraleaphanostomaas this exact suite of
characters.
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