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ABSTRACT

Jones, Meredith L. On the Caobangiidae, a New Family of the Polychaeta, with
a Redescription of Caobangia billeti Giard. Smithsonian Contributions to Zool-
ogy, number 175, 55 pages, 25 figures, 11 plates, 3 tables, 1974.—The type-species
of Caobangia Giard, C. billeti Giard, is redescribed, primarily in terms of its setal
morphology. The description of six new species of Caobangia extends the distri-
bution of the genus from North Vietnam to Thailand, Burma, Ceylon, India,
Bangladesh, Java, Sabah, Sarawak, and certain of the Philippine Islands. The
genus is associated with gastropod molluscs of the families Thiaridae, Pleuro-
ceridae, and Viviparidae, and with the bivalve family Unionidae. Detailed obser-
vations on the external morphology and the anatomy of species of Caobangia, as
well as their setal structure and distribution, have contributed to the decision to
erect a separate family, the Caobangiidae, for the genus. Familial characters are:
the presence of neurosetal palmate hooks on the first setiger; the absence of
hooks of any sort on the following thoracic setigers; the presence of two types of
avicular hooks in the posterior region; and the recurving of the gut, within the
body, such that the anus opens anteriorly, in the region of the second to fourth
thoracic setiger. Anatomical observations on the branchial crown and its sup-
porting skeleton, the nervous system, the nephridial ducts, and the reproductive
system of these hermaphroditic, larviparous, freshwater polychaetes are reported.
Further comments are made on larval morphology, settling, and metamorphosis,
as well as on the molluscan associates and their habitats, and some basic ques-
tions of biological import posed by the morphology, anatomy, and development
of Caobangia are propounded.
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On the Caobangiidae, a New Family of
the Polychaeta, with a Redescription

of Caobangia billeti Giard

Meredith L. Jones

Introduction

In 1893 Giard described a bizarre sabelliform
polychaete from the fresh waters of what was then
known as Tonkin, in southeast Asia. The speci-
mens were associated with a freshwater snail,
identified by Giard as a species of Melania, and
were found in blind-ending, teardrop-shaped bur-
rows in the calcium carbonate shell of the snails.
In the course of his description of Caobangia
billeti, which was unaccompanied by figures, Giard
described a number of unusual and peculiar ana-
tomical and morphological characters: the gut is
recurved within the body and the anal opening
is in the anterior part; the branchial crown is sup-
ported by an extensive internal structure; aside
from the placement of setal fascicles, there is no
trace of the usual annelid segmentation; the species
has an hermaphroditic mode of reproduction,
fertilization is internal, and larvae develop within
the body of the adult; the worms are capable of
making burrows in the calcium carbonate of snail
shells; and unique palmate neuropodial hooks are
present on the first setiger.

Giard's description was based on material col-
lected by Albert Billet who, upon his return from
Tonkin (now North Vietnam), summarized his two
years of natural history observations at the village
of Cao Bang in northern Tonkin and mentioned

Meredith I.. Jones, Departtnent of Invertebrate Zoology, Na-
tional Museum of Natural History, Smithsonian Institution,
Washington, D.C. 20560.

that the host snail of Caobangia billeti was closely
related to Melania aubryi Hende [sic] (Billet,
1896-98:64). In reporting upon the molluscs col-
lected by Billet, Fischer (1898:327, pi. 18: fig. 42)
identified the host snail as Melania aubryana
Heude and presented a figure of the snail shell
bearing holes, the burrow openings characteristic
of Caobangia. Since these reports, the only other
citation in the literature based upon what might
be considered to be actual material is that of Lamy
and Andre (1936:954, fig. 3), who reproduced
Fischer's figure in demonstrating that Caobangia
is one of a number of annelids that burrow in
mollusc shells.

The remainder of the literature concerned with
Caobangia falls into a number of categories: (1)
as a sabellid of the subfamily Fabriciinae or as a
curious freshwater polychaete (Chamberlin, 1919;
Mclntosh, 1922; Zenkevitch, 1925; Monro, 1939;
Hartman, 1951, 1959; and Wesenberg-Lund, 1958);
(2) as a polychaete with a polytrochous larval stage
in its life cycle (Dawydoff, 1959); (3) as a sug-
gested member of a new sabellid subfamily, the
Caobangiiniae [sic] (Chamberlin, 1919); and (4)
as a point of discussion in the somewhat heated
exchanges between Mesnil (1901a and b) and
Nusbaum (1901). Further, it is curious to note that
three extensive studies of the Sabellidae (Bush,
1904; Rioja, 1923; and Johansson, 1927) all cite
Giard's paper in their bibliographies, but do not
mention Caobangia in their texts.

It is unfortunate that Giard's description was
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somewhat ambiguous, in part, for it led Nusbaum
(1901) and Hartman (1951) to conclude that the
anal opening was on the ventral surface rather
than the dorsal. In addition, Banse (1957:98-99)
concluded that Giard had made a bad choice of
words and really meant that the posterior end of
Caobangia was reflected under the ventral surface
of the worm, in much the same manner as is the
case in the Sabellariidae. Mesnil (1901a:272) and
Lamy and Andre (1936:954) also came to the same
conclusion.

It would seem that the remoteness of the type-
locality and the small size of Caobangia account
for the fact that, aside from the initial collections,
no new material has been obtained for some 75
years. It came, therefore, as a pleasant surprise to
find that the shells of snails from Thailand, pre-
served in 70 percent ethanol and brought to my
attention by Dr. Joseph P. E. Morrison, Division
of Molluscs, National Museum of Natural History,
Smithsonian Institution, contained a considerable
number of well-preserved specimens of Caobangia.
A preliminary report on these, as well as on other
well-preserved material from Sabah [ = British
North Borneo], was concerned with the confir-
mation of Giard's observations on Caobangia and
conjectures as to the method of burrow-formation
(Jones, 1969).

Preliminary observations of the collections from
Thailand and Sabah led me to believe that the
structure of the palmate neuropodial hooks of the
first setiger would serve to discriminate among
species of Caobangia. Since these hooks are rela-
tively large and were felt to be impervious to the
effects of drying (lamentably, curatorial procedures
for the molluscs do not coincide with those for the
worms), I conducted a search of certain of the
southeast Asian gastropod holdings of our Division
of Molluscs for snail shells showing signs of
Caobangia borings; these ultimately included the
families Thiaridae, Pleuroceridae, and Viviparidae.
Where Caobangia bore holes were found, indeed,
the palmate hooks were also found and their
structure has served as the basis of the systematic
section to follow. Further, these observations have
formed the basis for increasing the number of
species in the formerly monotypic genus to seven
and have allowed the extension of the distribution
of the genus from North Vietnam to Thailand,
Burma, Ceylon, India, Bangladesh, Java, Sabah,

Sarawak, and certain of the Philippine Islands. I
feel certain that further investigations will reveal
the genus to be widespread throughout the whole
of southeast Asia.

In spite of the fact that type-material of
Caobangia billed does not exist in the collections
of the Museum National .d'Histoire Naturelle,
Paris, I do not feel that any real purpose would
be served in designating a neotype for the species,
since the material upon which such a designation
would have to be based is most unsatisfactory be-
cause of its dried and fragmented condition; it is
suitable only for setal observations.

Where numbers have permitted, paratypic mate-
rial has been deposited in the collections of the
following institutions: Allan Hancock Foundation,
Los Angeles (AHF); British Museum (Natural
History), London (BMNH); Museum of Compar-
ative Zoology, Harvard University, Cambridge
(MCZ); Museum National d'Histoire Naturelle,
Paris (MNHNP); National Science Museum,
Tokyo (NSMT); Rijksmuseum van Natuurlijke
Historie, Leiden (RNHL); Universitetets Zoolog-
iske Museum, Copenhagen (UZMC); Zoological
Institute, Academy of Sciences, Leningrad (ZIL);
Zoologische Museum, Amsterdam (ZMA); and
Zoologisches Museum, Hamburg (ZMH).

Since the collections of two divisions of the Na-
tional Museum of Natural History, Smithsonian
Institution, are involved in the present study, it
was decided to preface catalog numbers (which still
carry the old designation for the United States
National Museum: USNM) of the Division of
Molluscs with "USNM-M" and those of the Divi-
sion of Worms with "USNM-W."

With a few exceptions, so noted below, identifi-
cations of the molluscs, with which various species
of Caobangia are associated, are those appearing
on labels accompanying the individual molluscan
species. These have been accepted, out of hand, as
valid.

In view of the unique characters of the genus
Caobangia, its long-time obscurity, and the equiv-
ocal nature of portions of Giard's description, I
felt that the relatively large number of well-
preserved specimens might be utilized in enlarging
on an otherwise straight forward systematic account.
Thus, a series of observations follows, not only on
taxonomically important characters, but also on
the branchial crown and its supporting skeleton,
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the nervous system, the nephridial ducts, and the
reproductive system, the latter including comments
on larval morphology and metamorphosis. All of
these observations have contributed to my judge-
ment that the genus Caobangia should be sepa-
rated from other sabelliform polychaetes in a
separate family, the Caobangiidae.

I would here thank the following colleagues for
their kind help and cooperation which have con-
tributed so much to this paper: Dr. Joseph P. E.
Morrison, Division of Molluscs, National Museum
of Natural History, Smithsonian Institution, for
his first drawing my attention to specimens of
Caobangia and for subsequent discussions and
identifications of certain freshwater snails; Dr.
Joseph Rosewater, also of the Division of Molluscs,
for other discussions of the problems presented by
Caobangia and for the use of some photographic
equipment, especially the Faxitron Model 8050
X-ray apparatus which produced Figure 5b; Dr.
Rolph A. M. Brandt, then of the SEATO Medical
Research Project, Thailand (now of the School of
Tropical Medicine, Bangkok, Thailand), who
made the original Thai collections and augmented
these with others; Prof. E. Fischer-Piette, Museum
National d'Histoire Naturelle, Paris, and Dr.
Kenneth Boss, Museum of Comparative Zoology,
Harvard, both of whom made available to me speci-
mens from their mollusc collections; Mr. Prasong
Temcharoen, now of the Academy of Natural
Sciences, Philadelphia, for assistance in deter-
mining the location of certain collection sites in
Thailand and Laos, as well as for a snail identifi-
cation; and to Dr. Marian H. Pettibone, Division
of Worms, National Museum of Natural History,
Smithsonian Institution, for her cheerful and care-
ful reading of the manuscript, which benefited
greatly from her comments and criticisms.

Materials and Methods

The polychaete specimens upon which this study
was based were obtained by decalcifying freshwater
mollusc shells that showed the characteristic bore
holes of Caobangia; this was done by placing the
shell in several changes of 5 percent nitric acid in
70 percent ethanol.

Histological observations were based on ethanol-
fixed specimens or, in the case of a few specimens,
especially provided by Dr. Brandt, on Bouin's fixed

material. Paraffin sections were cut at five or seven
microns and were stained in Mallory's Triple Stain.
Whole specimens, as well as decalcified molluscan
shell debris, were mounted in glycerine jelly.

Localities were determined by the use of various
gazetteers (War Department, 1944; National Intel-
ligence Survey, 1952, 1953, 1962, 1964, 1966a, 1966b,
1968) and certain maps (especially "East Asia Road
Map," Series 1306, Edition 1-AMS (FE), U. S. Army
Map Service, 1965, Sheets 1 and 2, and "Conti-
nental Southeast Asia," Series 1206, Edition
4-AMS(FE), U. S. Army Map Service, 1965).

Characteristics of the Genus Caobangia Giard

Habitat: Figures 1-5 (C. brandti).
External morphology: Figures 6—8,

abbotti, C. brandti).
20 (C.

FIGURE 1.—Brotia (Paracrostoma) pseudosulcospira pseudosul-
cospira Brandt (USNM-M 704230): Showing truncated apex
of snail shell due to boring of Caobangia brandti, new
species (scale line is 10 mm).
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FIGURE 2 Brotia (Paracrostoma) pseudosulcospira pseudosul-
cospira Brandt (USNM-M 704230): View of apex of snail
shell showing bore holes of Caobangia brandti, new species
(scale line is 1 mm).

m

•

• *

-

FICURK 3 Hyriopsis delaportei (Crosse and Fischer) (USNM-
M 70423G): Surface of a generally tangential split of clam
shell, showing transverse and longitudinal views of burrows
of Caobangia brandti, new species (scale line is 1 mm).

Internal anatomy: Figures 6, 21; Plates 1-11 (C.
abbotti, C. brandti).

Species of Caobangia bore into the shells of both
gastropod and bivalve molluscs (Figures 1-5). As
many as 28 adult Caobangia have been counted
from a single snail shell. The effect of these nu-
merous bore holes, usually restricted to the apex
of the snail shell (Figure 3), weakens this portion
of the shell and results in a truncated profile (Fig-
ure 1). In the case of borings in bivalve shells, there
are many more specimens distributed throughout
the available surface (Figure 5). The teardrop-
shaped burrows, which are lined with a thin,
secreted membrane, never connect with one
another, and the burrows are most often found in
the columellar area of the snails (Figure 4). Occa-
sional bore holes may be found between adjacent

whorls of snail shells. Thus, adult specimens of
Caobangia appear to be restricted to the thicker
regions of calcium carbonate, although encapsu-
lated metamorphosing larvae have been encoun-
tered all over the shell.

Specimens of Caobangia are herein reported
from the shells of the pleurocerid gastropods
Pahtdomus, Hcmimitra, Ganga, and TaruiHa; from
the thiarid gastropod genera Brotia, Balanocochlis,
Stenomelania, and Antimclania; from the vivi-
parid gastropod genera Anulotaia, Cipango-
paludina, and Mekongia; and from the unionid
bivalve genus Hyriopsis.

Since type-material of Caobangia billed Giard
does not exist, the following morphological account
is based on well-preserved specimens of C. brandti
from Thailand and C. abbotti from Sabah, Malay-
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FIGURE 4.—Brotia (Brotia) binodosa binodosa (Blandford)
(USNM-M 704232): Apical view of partly decalcified snail
shell, showing Caobangia brandti, new species (USNM-W
50857), in situ beneath the periostracum (scale line is 1 mm).

sia (Figures 6-8); that of the setae (Figure 11)
comes from observations of dried specimens of C.
billeli from That Khe, about 55 km from the type-
locality and in the same river system.

Caobangia species include sabelliform poly-
chaetes up to 5 mm in length with the branchial
crown (BC) composed of three pairs of radioles
(DR, MR, VR), each provided with pectinately
or bipectinately arranged pinnules (Figures 6, 20).
The body tapers from its widest (posterior) part,
called the basal end by Jones (1969:830-831 ) , 1 to

1 In my earlier treatment of Caobangia I was, perhaps,
somewhat overzcalous in emphasizing the internal anterior
migration of the ascending gut and the opening of the anus
so far forward. In changing terminology from "basal" to
"posterior" and from "apical" to "anterior" I do not mean
to lessen this emphasis, but do so merely to avoid confusion.

the narrowest (anterior) region bearing the
branchial crown.

The first four setal fascicles are more crowded
than the next three. There is no collar, although
a rudimentary ventral process may be present
(Figure 8c). On the ventral surface there are
usually relatively large pigmented areas (VP) at
the level of the first to second or third setal fas-
cicles and another at the level of the sixth to
seventh (Figures 6fl, 7, 8c). In addition, smaller
pigmented patches are distributed along the length
of the ascending gut (Figures 7, 8c). In all adult
specimens, developing eggs and larvae are readily
seen through the body wall in the posterior third
of the body. Histological sections have shown the
presence of both eggs and sperm in all animals
sectioned.

The first apparent thoracic segment bears a dor-
sal bundle of limbate capillary setae (LCS) and a
ventral group of palmate hooks (PH) with a cen-
tral fang encircled by a series of 4-15 teeth (Figures
6, 9, Had). The hooks are oriented such that the
teeth are directed posteriorly and somewhat dor-
sally (Figure 9). One of the lateral teeth in the
arcuate series is quite often longer and/or stouter
than the others; this tooth is always ventralmost
(Figure 9c-/). New palmate hooks are generated
at the ventral end of a given series, as suggested by
the location of worn hooks and of embedded devel-
oping hooks (Figure 9b,e). The number of teeth
in the arcuate series, as well as the relative length
of the lateral teeth of the series, provide criteria
for specific determinations. The setae of the second
to seventh setal fascicles (SF) are composed usually
of unilimbate capillaries of two types; upper,
longer capillaries identical to the capillaries of the
first fascicle, provided with nearly uniform, narrow
limitations; and lower, shorter capillaries with
basally widened limbations (Figures 6a, 10, lld,e).

In the ventral part of the abdomen a somewhat
shortened version of the limbate capillaries (SBS)
are present in fewer numbers per fascicle (Figures
da, 11/). These are associated with more dorsal,
low, short-necked avicular hooks (AH), arranged
in 3-14 rows (Figure 6a). The hooks are provided
with a single larger tooth and numerous small
teeth, 10-14 rows with about five or six per row
(Figure lie). The first row may have as many as
116 hooks on each side; more posteriorly, the num-
ber of hooks per row decrease until the last row is
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Fici'RF. 5.—Hyriopsis delajyortei (C'.rosse and Fischer) (I'SNM-M 704230): a, outer surface of
broken left valve showing bore holes of Caolxingia brandti, new species, and external tubes of
freshwater sabellid, Momoiku sp. (center); b, X-iay photograph of the same valve, showing the
shape and number of burrows, as well as their lack of common orientation.
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Fici.'RE (5. Idealized and generalized drawings based upon Caobangia nbbotli, new species: a,
lateral view, showing external morphology and location of various types of setae; b, doisal view,
showing internal structures (setae and tips of branchial crown omitted). (1-10 = levels at which
sections in Plates l-."» were taken. All = abdomen, \C. = ascending gut. All = low avicular
hooks. AN = ascending nepln idial duct. AO = anal opening. BC = branchial crown. IK. =
descending gut. ON = descending nephridial duct. I.CS = limbate capillary setae. I.I) = larval
duct. I.DO = larval duct opening. I.G = loops of gut. X 1 —11 = levels at which sections in
Plates fid-Wd weie taken. NPR = nephi idiopore, NS I 1 and '_' = first and second nephrostomes
of the descending nephridial d u d . I'll = palmate hook (s), SIJS = shoi t limbate and buishlike
setae. SC = stomachic chamber of the- descending gut. SO = speim duct. SKI = fomth thoiatic
setal fascicle. I = "testis,' I A H = tall a\ ic ulai hook («,), I M = thorax, T O = external opening
of the "testis." \ 'P = ventral pigmentccl aiea; line stippling = gut. coarse' stippling = "testis,"
wavy lines = larval ducts.)
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FIGURE 7.—Caobangia brandli, new species: lateral (anterior)
to ventral (posterior) view (specimen twisted).

represented by but one or two hooks. Posterior to
the region of avicular hooks, the limbate capillaries
lateral to the ascending gut become still shorter
and may be bilimbate or unilimbate (Figures Hg-i;
the mucronate setae with symmetrical and asym-
metrical limbations, respectively, of Giard, 1893:
475?). In most cases the abdominal limbate capil-
laries finally are replaced by brushlike setae with
blunt tips, and having a generally frayed appear-
ance (Figures \\j,k, 12e,/). These last are usually
accompanied by some tall, long-necked avicular
hooks (TAH) (Figures 6a, llm).

The mouth, located at the center of the bran-
chial crown, leads to a narrow passage, the descend-
ing gut (DG); at about the midpoint of the body,
the gut enlarges to form a stomachic cavity (SC)
which occupies most of the posterior half of the
worm (Figure 6, Plates 1-4, 7, 10). More posteri-
orly, a narrowed gut emerges, forms several loops
(LG), and turns forward within the curve of the
posterior end, forming the ascending gut (AG)
(Figure 6, Plates 1-5). As it progresses anteriorly,
the ascending gut forms an increasingly pro-
nounced ridge under the body surface (Figures 7,
8c). Somewhat posterior to the seventh setiger it
curves dorsally, almost invariably on the right
side, and continues in the middorsal line to the
level of the second to fourth setiger where it ter-
minates in the anal opening (Figure 6, AO). The
dorsal areas anterior to the anus and between the
setal fascicles on either side together form a wide
longitudinal ciliated field (LCF) which continues
anteriorly to the base of the branchial crown
(Plates 1, 8, 9).

The separation of abdomen and thorax is as-
sumed to be just posterior to the seventh setiger,
in the region of the dorsal turn of the ascending
gut, anterior to the first row of low avicular hooks
(Figure 6, AB-TH). The latter, together with
their ventrally placed capillary setae, are felt to
represent the "inverted" condition of abdominal
setae of other sabelliform polychaetes.

Caobangia Ciard, 1893

TYPE-SPECIES.—C. billeti Giard, 1893, by mono-
typy.

GENDER.—Feminine.
DIAGNOSIS.—Small sabilliform polychaetes bur-

rowing in shells of freshwater molluscs; 3 pairs


