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ORIGINAL ARTICLE

Tetranchyroderma bronchostylus sp. nov., the first known gastrotrich
(Gastrotricha) with a sclerotic canal in the caudal organ

SARAH ATHERTON & RICK HOCHBERG*

University of Massachusetts Lowell, Lowell, Massachusetts, USA

Abstract
A new species of Tetranchyroderma (Macrodasyida: Gastrotricha) is described from coarse sediments at 9 m depth at Capron
Shoals, Florida. Tetranchyroderma bronchostylus sp. nov. is distinguished primarily by the presence of a sclerotic canal within
the accessory caudal organ, and represents the first species of Tetranchyroderma described with such a feature. The following
combination of characters further distinguish this species from its congeners: an oral hood with a scalloped margin, paired
cephalic tentacles, paired sensorial organs, a pentancrous cuticle, three pairs of dorsolateral adhesive tubes, one pair of
ventrolateral adhesive tubes in the pharyngeal region and up to 11 pairs of ventrolateral tubes in the trunk region, and one
pair of lateral adhesive tubes close to the paired caudal pedicles.

Key words: Gastrotricha, interstitial, hermaphrodite, meiofauna, taxonomy

Introduction

Thaumastodermatidae is the most speciose family of

marine Gastrotricha and accounts for the majority of

Macrodasyida with elaborate cuticular features. The

cuticle, which is bilayered and surrounds the entire

body, is ornamentally complex in most species and

often consists of various spines and scales (Rieger &

Rieger 1977). Few described species of Gastrotricha

also bear cuticular/sclerotic structures within their

reproductive systems, e.g. hardened canals or

protrusible stylets (e.g. Schoepfer-Sterrer 1974;

Ruppert 1991), although such features are regularly

found in other hermaphroditic meiofauna such as

species of Gnathostomulida (Mainitz 1977) and

Platyhelminthes (Rieger 1977).

The first observations of cuticular reproductive

structures in Gastrotricha were made on species of

Macrodasys (e.g. Remane 1950; Wilke 1954), which

appeared to bear a cuticular nozzle on the tip of a

sperm-bearing accessory organ (see Schoepfer-Ster-

rer 1974), later determined to be part of a broken

stylet from a copulating partner (see Ruppert 1991

for terminology and explanations). Currently, most

descriptions of stylets in Gastrotricha come from

studies of Urodasys, which includes several species

that bear a stylet bulb (Schoepfer-Sterrer 1974;

Fregni et al. 1999). Stylets are presumably derived

from secretions of the bulb lumen (Ruppert 1991).

Although no ultrastructural or functional accounts

of stylets exist for any species, stylet shape appears to

have high taxonomic value (see Schoepfer-Sterrer

1974), especially considering its rarity within

Gastrotricha. Within Thaumastodermatidae, stylet-

bearing accessory organs are only known from

Oregodasys styliferus (Boaden, 1965), although

sclerotic reproductive canals may be common

throughout the family but not easily recognizable.

Ruppert (1991) presented details on sclerotic canals

in species of Tetranchyroderma (two canals lead to

paired caudal glands) and Acanthodasys (singular

canal that connects the oviduct and rosette gland),

but the functional significance of these canals and

their utility in taxonomic investigations remains

unknown. To date, there are no descriptions of

sclerotized canals within the accessory reproductive

organs of any species of Tetranchyroderma � the

largest genus of Thaumastodermatidae.
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During a recent survey of the marine Gastrotricha

of Capron Shoal, Florida, we discovered an unde-

scribed species of Tetranchryoderma with a sclerotic

canal in its caudal organ. The structure bears

superficial resemblance to the stylets of species of

Urodasys (Schoepfer-Sterrer 1974) and Oregodasys

(Boaden 1965), and constitutes the first report of a

species of Tetranchyroderma with a sclerotic canal in

the caudal organ.

Materials and Methods

Sediments were collected from Capron Shoal,

Florida (USA) on 9 August 2011 using a small

anchor dredge (29�12 cm opening) suspended

from Smithsonian Marine Station’s R/V Sunburst.

The dredge was trawled for 6 min along the shoals

(Dredge in: 278 29.78? N, 808 13.73? W; Dredge out:

278 29.99? N, 808 13.72? W). Extraction and grain

size analysis of the sediments took place at the

Smithsonian Marine Station in Fort Pierce, Florida.

Gastrotrichs were extracted using the anesthetiza-

tion-decantation technique with 7.5% MgCl2 and a

63 mm mesh. Animals were sorted in Petri dishes

using a Leica EZ4 stereomicroscope and examined

at higher magnification with a Zeiss A1 compound

microscope equipped with DIC optics and a Sony

Handycam digital video camera. Measurements

were taken with an ocular micrometer. Position of

individual structures and organs is reported in terms

of percentage body units, with total body length

measured as 100 units (anterior is U00, posterior tip

is U100). Abbreviations used in the text and figures

follow the style of Hummon (2008).

Video records of holotype and paratype specimens

were submitted to the Smithsonian Institution’s

National Museum of Natural History (NMNH) for

archiving through their Licence Agreement. All

records may be made available through the

NMNH’s electronic on-line catalogue.

Grain size analysis was performed on �500 cm3

of sediment by drying the sediments in a 1008C oven

for 24 h prior to fractionation on a mechanical

Gilson SS-15 Sieve Shaker with mesh sizes 2 mm, 1

mm, 500 mm, 250 mm, 125 mm and 63 mm. The

program GRANPLOTS with line segment (Balsillie

et al. 2002) was used to calculate the phi values for

the different sediment fractions.

Taxonomy

Phylum Gastrotricha Metschnikiff, 1865

Order Macrodasyida Remane, 1925 [Rao &

Clausen, 1970]

Family Thaumastodermatidae Remane, 1927

Subfamily Thaumastodermatinae Remane,

1927

Genus Tetranchyroderma Remane, 1926

Tetranchyroderma bronchostylus sp. nov.

Figures 1�4

Materials examined. Three adult specimens observed

with DIC optics; two of the specimens (holotype and

paratype) were sacrificed for molecular sequencing

at a future date; one specimen was accidentally

destroyed during photography.

Holotype. Video record of one adult specimen, 288

mm long. Smithsonian Cat. No. 1172360.

Paratype. Video record of one adult specimen,

240 mm long, Smithsonian Cat. No. 1172361.

Diagnosis

A Tetranchyroderma with an adult body length to

288 mm; body narrows to 38 mm at U29 before

slightly widening at the pharyngeointestinal junction

(PIJ) at U36 and reaching 58 mm width at U50; body

then narrows toward caudal lobes. Oral hood

scalloped, with sensory hairs, and cephalic tentacles

at U03; mouth to 53 mm wide with ventral margin

bearing numerous sensory papillae and cilia, leads

into pharynx to 79 mm long; pharyngeal pores at

base. Sensory hairs numerous to 15 mm long and

form lateral columns along margin of body. Epider-

mal glands to 10 mm diameter, with up to 10 glands

per side. Cuticular armature consists of pentancres

of small to medium size with tines of equal length.

Adhesive tubes: TbA, 3 per side forming a row, the

medial tube short, the second tube robust and

elongate, the lateral tube short and directed laterally;

TbL, one per side at U84; TbVL, one small pair at

U16 and up to 11 per side beginning just posterior of

PIJ and extending to U83; TbDL, 3 per side, to 17

mm long at U23, U40 and U59; 3 terminal TbP, all

on pedicle, with one additional pair of tubes on inner

margin of pedicle. Ventral locomotory cilia contin-

uous from U09 to the caudal end. Reproductive

system: single testis on right side of body, leads to

muscular caudal organ containing a sclerotic canal;

caudal organ is invested with circular and spiral

muscles. Ovoid frontal organ anterior to caudal

organ; large egg present at mid-body region.

Description

The description is based on the largest adult specimen

(holotype), 288 mm in total length (Figures 1�4).

886 S. Atherton and R. Hochberg
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Pharynx to 79 mm in length as measured from the

ventral mouth margin to the pharyngeointestinal

junction (PIJ) at U36. Head highly scalloped; body

short with pharyngeal region that narrows to 38 mm

at U29 before widening toward midpoint of body

(53 mm) and narrowing again gradually to the base of

the caudum. Widths of mouth/midpharynx/PIJ/mid-

trunk/caudal base are as follows: 53/36/40/53/21 mm

at U09/U25/U36/U50/U90, respectively. Oral hood

with undulating border bearing two pairs of stiff

sensory cilia to 14 mm long and several mobile cilia

to 10 mm long; the anterior 18 mm of hood is free of

cuticular ornaments but bears a pair of 10 mm long

rod-like, cephalic tentacles at U03, several whip-like

cilia to 15 mm long, and stiff cilia to 10 mm long at

�U09. The mouth of 53 mm width has numerous

papillae with sensory hairs to 5 mm long; shorter

sensory cilia to 3 mm dispersed between papillae. A

tuft of sensory cilia to 15 mm long, some stiff and

others limp, project out from the lateral mouth

margin �U08. A pair of anteriorly directed, 10

mm long spatulate, sensorial organs insert just behind

lateral mouth margin at U09. Numerous stiff cilia to

15 mm long project from either side of lateral body

wall and form a column down to the caudal pedicles.

Glands of varying size, from 5 to 10 mm diameter,

oval in shape, distributed from U21 to U82.

Cuticular armature. The dorsal and lateral covering of

pentancres is complete (without bare patches),

forming 13�16 columns (Figure 1A, B and 3A).

Pentancres begin at the base of the oral hood (U09)

and form staggered rows made up of the smallest

ancres on the body, to 2 mm diameter (tine to tine)

(Figure 2B). Pentancres double in size immediately

posterior of the smallest ancres and reach a max-

imum diameter of 8 mm at �U30. Tines are only

slightly curved and have approximately equal length.

Figure 1. Tetranchyroderma bronchostylus sp. nov. (A) Composite sketch of dorsal (left) and ventral (right) sides as viewed from above (scale

bar �50 mm); (B) composite sketch of head showing dorsal (left) and ventral (right) views (scale bar �15 mm); (C) schematic of a portion

of the reproductive system (scale bar �25 mm). Abbreviations: co, caudal organ; cg, caudal glands; cm, circular muscles of the caudal

organ; ct, cephalic tentacle; eg, mature egg; ep, epidermal gland; fo, frontal organ; in, intestine; op, oral papillae of ventral mouth margin;

so, spatulate sensory organ; sc-1, columnar portion of the sclerotic canal; sc-2, arm portion of the sclerotic canal; TbA, anterior adhesive

tubes; TbDl, dorsolateral adhesive tubes; TbL, lateral adhesive tubes; TbP, posterior adhesive tubes; TbVl, ventrolateral adhesive tubes; te,

right testis; vd, vas deferens.

New species of Tetranchyroderma 887
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Pentancres extend to the base of the caudal pedicles

and are �3 mm in diameter.

Adhesive tubes. Three anterior adhesive tubes (TbA)

per side arise directly from body surface: one medial

tube is directed anteriorly and �7 mm in length; the

second tube is 15 mm long, robust and directed

anterolaterally; the third tube is 10 mm long and also

directed anterolaterally (Figure 1B). One pair of

robust lateral adhesive tubes (TbL) on each side of

the body at U84; each tube is directed poster-

olaterally and about 15 mm long. One pair of small

(3 mm) ventrolateral adhesive tubes (TbVL) at U16.

Up to 11 TbVL begin at U38, all approximately

5�7 mm long, and extend to U82. Three dorsolateral

adhesive tubes (TbDL), each relatively thin, present

at U23 (12 mm), U40 (16 mm) and U59 (17 mm)

(Figure 1). Paired caudal pedicles at posterior end,

each bearing three terminal adhesive tubes about 6�7

mm long; the middle tube is thinner and projects

dorsally. A single robust adhesive tube to 8 mm long

arises off the inner margin of each pedicle.

Cilia. Ventral locomotory cilia continuous down the

length of the body, extending from approximately

U09 to the caudal pedicles. A bare patch is present

in around U88�90.

Digestive tract. Mouth subterminal to 53 um wide

beneath oral hood (Figure 2C). Pharynx to 79 mm

long�25 mm wide. Pharyngeal pores near base of

pharynx, around U40�41. Intestine narrow and

tapering at posterior. Anus around U93.

Figure 2. Tetranchyroderma bronchostylus sp. nov., DIC photomicrographs. (A) Adult specimen, holotype (scale bar �40 mm); (B) dorsal

view of the head of the holotype (scale bar �10 mm); (C) ventral view of the head of the holotype (scale bar �10 mm); (D) posterior end

(scale bar �8 mm). Abbreviations: co, caudal organ; ct, cephalic tentacles; eg, mature egg; op, oral papillae; so, cephalic sensory organ;

TbA, anterior adhesive tubes; TbL, lateral adhesive tubes; TbP, posterior adhesive tubes.

888 S. Atherton and R. Hochberg
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Reproductive system. Hermaphroditic, with a single

right testis (as viewed from above) at the pharyn-

geointestinal junction (Figures 1�4). The vas defe-

rens extends posteriorly to the distal region of the

caudal organ at about U91 (Figure 1A, C). No

muscles were observed around the distal portion of

the vas deferens. The caudal organ is approximately

43 mm long and heavily ensheathed in an external

coat of circular muscles (Figures 3 and 4). Dextrally

coiled spiral muscles form an internal layer that

wraps around a sclerotic canal. The canal appears to

be divided into two sections (Figures 1C and 4). The

section that forms the main body of the canal is

columnar, 38 mm long, and with an anterior rim and

a posterior swelling near the distal end of the caudal

organ. The column appears hollow. At the distal end

of the canal is a second section that appears to form a

‘c-shaped’ arm. This portion of the canal does not

appear to be wrapped in spiral muscles and appears

to extend out the distal end of the caudal organ. A

possible frontal organ (seminal receptacle), which

appears as a flattened sac atop the caudal organ, was

devoid of sperm; the paratype had no distinguishable

frontal organ. A single ovary is present on the right

side of the animal; eggs mature from a posterior

position close to the distal end of the vas deferens

and the caudal organ, with the most mature ova in

proximity to the frontal organ on the dorsal side of

the midgut.

Etymology. This species is named for the windpipe-

like appearance of the sclerotized canal (Gr, bronch,

windpipe; Gr, stylus).

Figure 3. Tetranchyroderma bronchostylus sp. nov. (A) Focus on reproductive anatomy in posterior trunk (scale bar �12 mm); (B�D)

different focal planes (ventral to dorsal) through the caudal organ (scale bars �12 mm). Abbreviations: cg, caudal glands; co, caudal organ;

eg, mature egg; in, intestine; ov, immature ova; vd, vas deferens.

New species of Tetranchyroderma 889
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Locality. Capron Shoal, Florida (27826.52? N,

80813.81? W), 9 m depth, coarse sand (mean 1.66

phi; standard deviation 0.72 phi units; skewness

�0.95; and kurtosis 5.11). Sediments collected via

anchor dredge.

Taxonomic affinities

To date, there are approximately 69 species of

Tetranchyroderma described from marine sediments

across the globe, including both temperate

and tropical waters (Hummon 2009; Hummon &

Todaro 2010). Most species of Tetranchyroderma are

easily identified based on the ornamentation of their

cuticle, which bears either 3-, 4- or 5-pronged spines

called triances, tetrancres or pentancres, respectively

(Todaro 2002). Some species may possess more than

one type of ancre (e.g. T. paradoxum Thane-Fenchel,

1970), and some ancres may form feather-shaped

scales (e.g. T. adelae Hochberg, 2008).

Approximately half the described species of

Tetranchyroderma possess pentancres, which is the

case with T. bronchostylus sp. nov. Among the species

with a full dorsal covering of only pentancres, five

species also possess head appendages similar to those

of the new species: T. antenniphorum Hummon &

Todaro, 2010 (� T. antennatum Luporini, Maganini

& Tongiorgi, 1973; see Hummon & Todaro 2010),

T. enalosum Hummon, 1977, T. esarabdophorum

Tongiorgi & Balsamo, 1984, T. papii Gerlach, 1953

and T. sardum Todaro, Balsamo & Tongiorgi, 1988.

Within this group of five species, only T.

esarabdophorum also possesses three pairs of dorsal

cirrata-like adhesive tubes similar to those of the new

species. However, these two species can be easily

distinguished by the larger number of ventrolateral

adhesive tubes (22/side) in T. esarabdophorum and by

the structure of their reproductive systems. In

particular, the caudal organ of the new species

contains a well-developed sclerotized canal that has

yet to be recorded from any other species in the

genus.

Discussion

Hypodermic impregnation is hypothesized to be the

plesiomorphic form of copulation among gastro-

trichs, yet the presence of sclerotic/cuticular canals

and/or stylets that might function in impregnation

are rare in the Gastrotricha (Ruppert 1991). Cuti-

cular stylets in various shapes and sizes occur in

several species of Urodasys (Macrodasyidae; see

Schoepfer-Sterrer 1974; Fregni et al. 1999), where

they probably form as secretions (intra- or extra-

Figure 4. Tetranchyroderma bronchostylus sp. nov. (A,B) Close-ups of the sclerotic canal (sc) within the caudal organ as seen through

different focal planes (dorsal to ventral). The sclerotic canal is made up of an anterior column (sc-1) and a posterior arm (sc-2). Circular

muscles (cm) wrap around the entire caudal organ, while spiral muscles (sp) ensheath the internal canal. Scale bars �10 mm.
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cellular is unknown; Ruppert 1991) in the lumen of

the stylet bulb. In most species, the vas deferens does

not appear to transport autosperm directly to the

stylet bulb but instead to a male pore at midbody

where sperm are picked up by the bulb via a twisting

of the body (as in Macrodasys; see Ruppert 1978a).

Alternatively, most species of Thaumastodermatinae

(Pseudostomella, Ptychostomella, Tetranchyroderma,

Thaumastoderma) possess a vas deferens that termi-

nates close to the posterior end of the body near the

distal end of the caudal organ, where they may share

a common pore. In some species, this region of the

vas deferens is heavily invested with muscles, which

led Ruppert (1978b, 1991) to speculate that the

distal portion of the vas deferens originated from a

splitting of the ancestral caudal organ, and hence,

took on the ‘male’ function of what was originally a

dual function (bipartite male and female)

caudal organ. The remaining portion of the caudal

organ, which is also muscular but contains a canal

and is anatomically connected to the frontal organ

(� seminal receptacle), is the ‘female’ portion. The

fact that the caudal organ and frontal organ share a

continuous lumen hints at their shared ‘female’

function in sperm reception. However, there is not

sufficient anatomical or functional evidence to sup-

port this hypothesis, and so the evolution of the

caudal organ/frontal organ system and their anato-

mical and functional diversity among species of

Thaumastodermatidae remains unknown.

To date, the only known species of Thaumasto-

dermatinae to possess a cuticular/sclerotic stylet in

any portion of the reproductive system is Oregodasys

styliferus (Boaden 1965). In this species, a funnel-

shaped stylet is present in the distal end of the vas

deferens (� ‘male’ portion of the caudal organ sensu

Ruppert 1978b), while the caudal organ sensu strictu

contains a cuticular mouthpiece (which may be a

broken piece of stylet from a copulating partner).

Further details on this species, including photo-

graphic and structural accounts of the stylet, are

lacking, and so the ultimate function of the stylet

remains to be determined.

Interestingly, in T. bronchostylus sp. nov., the

sclerotic canal is not present in the vas deferens as

in O. styliferus, but instead, in the caudal organ body.

The caudal organ of the new species is a large

muscular cylinder with a distal opening to a gono-

pore (shared with the vas deferens) and a proximal

opening to the frontal organ; this is similar to what

has been observed in other species of Thaumasto-

dermatinae (Ruppert 1978b, 1991). Based purely on

light microscope observations, the caudal organ’s

sclerotic canal appears to be a hollow cylinder with

thickened walls and a proximal opening. Circular

muscles form an external sheath around the caudal

organ, and spiral muscles wrap around the main

body of the canal. Neither group of muscles appears

to contain the distal c-shaped arm of the canal,

which protrudes from the distal end of the caudal

organ (see Figure 4). Based on the orientation of the

canal, the presence of spiral muscles around its main

axis, and its proximity to the vas deferens, one might

speculate that the sclerotic canal functions as an

intromittent organ for copulation. Contraction of the

spiral muscles, from anterior to posterior would

result in canal protrusion, thereby ‘paving’ the way

for sperm entry into the partner. However, such a

functional hypothesis will require further evidence

prior to acceptance, generally in the form of ultra-

structural data on the canal and behavioral observa-

tions of mating. A recent phylogeny of the

Thaumastodermatidae by Todaro et al. (2011)

should provide the necessary background for under-

standing the evolution of this unique reproductive

feature in species of Tetranchyroderma.
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