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Aestabdella leiostomi sp. n. (Hirudinea: Piscicolidae) from the
Gills of Spot, Leiostomus xanthurus, in the

Lower Chesapeake Bay, Virginia!

EUGENE M. BURRESON AND DENNIS A. THONEY?
School of Marine Science, Virginia Institute of Marine Science, College of William and Mary,

Gloucester Point, Virginia 23062

ABSTRACT: Aestabdella leiostomi is characterized externally by a subcylindrical to flat, unpigmented body lacking
tubercles, gills, and pulsatile vesicles; a large, very deeply cupped caudal sucker and 2 pairs of poorly formed
eyes on the oral sucker are present. Internal anatomy is characterized by 2 pairs of esophageal diverticula, 5
pairs of testisacs, large bursa, paired conducting tissue strands connecting copulatory zone and ovisacs, expansive
coelomic system lacking testicular sinuses, and 10 pairs of large nephridia. This leech is the first member of the
genus from the Atlantic Ocean; it is known only from spot collected during summer from the lower Chesapeake
Bay and from the Gulf of Mexico near Pascagoula, Mississippi.

KEY WORDS:

Aestabdella leiostomi sp. n., Hirudinea, parasitology, taxonomy, Leiostomus xanthurus, Ches-

apeake Bay, Gulf of Mexico, western North Atlantic Ocean.

The marine leeches of the east coast of the
United States have been relatively well studied
(Sawyer et al., 1975; Appy and Dadswell, 1981;
Burreson and Zwerner, 1982; Sawyer, 1986) and,
thus, it was somewhat surprising to discover an
undescribed species commonly infecting the
abundant spot, Leiostomus xanthurus Lacépéde
(Sciaenidae), in the lower Chesapeake Bay. The
leech has previously been reported as Piscicola
funduli Pratt in a popular article on marine leech-
es from the Gulf of Mexico (Causey, 1954). Cau-
sey presented a photograph of a whole mount of
a leech from the gill cavity of spot collected near
Pascagoula, Mississippi. Sawyer et al. (1975) be-
lieved that the leech photographed by Causey
was the same as their new species, Malmiana
philotherma; however, none of the specimens of
M. philotherma they collected was from spot. In
addition, the very large, deeply cupped caudal
sucker of the leech photographed by Causey
(1954) resembles very closely the caudal sucker
of specimens collected from spot in Chesapeake
Bay. The type specimens of M. philotherma, on
the other hand, all have smaller, much less deep-
ly cupped caudal suckers. The similarities in
morphology and host between the leeches col-
lected by Causey and those collected by us lead
us to conclude that they are the same species,
described below.

! School of Marine Science/VIMS Contribution No.
1670.

2 Present address: New York Zoological Society, New
York Aquarium, West 8th Street and Surf Avenue,
Brooklyn, New York 11224,

Materials and Methods

Leeches were collected during summer of 1987 from
the gills of spot, Leiostomus xanthurus. Specimens were
relaxed in weak alcohol and fixed in 10% neutral-buf-
fered formalin; some were stained with Semichon’s
acetocarmine and mounted whole. Specimens to be
sectioned were relaxed in weak alcohol and fixed in
Bouin’s fluid. Two complete series of frontal, sagittal,
and transverse sections were cut at 6 um and stained
with hematoxylin and eosin. Figures were drawn with
the aid of a camera lucida. Measurements are in mil-
limeters unless stated otherwise. Side by side compar-
isons of preserved specimens were made with the ho-
lotype (USNM 51481) and paratypes (USNM 51482,
51483, 51484) of Malmiana philotherma Sawyer, Law-
ler, and Overstreet.

Results

Leeches were most abundant near the mouth
of the Chesapeake Bay below the Bay Bridge-
Tunnel; however, specimens have been recov-
ered from spot collected at the mouth of the York
River. Spot were collected in most tows during
a cruise in July 1987 that covered most of the
Virginia portion of the Chesapeake Bay and the
lower reaches of the major tributaries, but leech-
es were only recovered in the lower portion of
the Bay near the Bay Bridge-Tunnel. During Au-
gust 1987, 19 leeches were recovered from 10 of
73 spot examined, a prevalence of 13.7%. Inten-
sity ranged from 1 to 4 leeches per host. All
infested spot were collected in a single tow just
inside the mouth of the Chesapeake Bay off Cape
Charles, although many spot were collected at
other locations in the lower Bay on the same day.
Leeches were usually attached to the floor of the
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opercular cavity under the filaments of the last
gill arch, but were occasionally found attached
to the gill filaments themselves.

Spot, L. xanthurus, and croaker, Micropogoni-
as undulatus (Linnaeus), were collected in coastal
waters between Cape Fear and Cape Hatteras,
North Carolina, in September and March, and
between Cape Hatteras and Delaware Bay in
September during National Marine Fisheries ser-
vice ground fish surveys aboard R/V Albatross
IV. No leeches were recovered from the 141 spot
and 156 croaker examined.

Family Piscicolidae
Subfamily Platybdellinae
Genus Aestabdella Burreson, 1976

Aestabdella leiostomi sp. n.
(Figs. 1-5)

DiagnNosis:  Body elongate, subcylindrical to
flat, up to 11 mm total length, lacking papillae,
tubercles, gills and pulsatile vesicles. Midbody
segments 6(12) annulate. Caudal sucker large and
deeply cupped, wider than maximum body width;
oral sucker well developed with 2 pairs of poorly
formed eyes. Body and suckers usually unpig-
mented and appearing white to cream-colored.
Occasionally very faint black segmental bands
on urosome and 13 triangular pigment bands on
the caudal sucker radiating from urosome/sucker
junction toward outer edge of sucker. Coelomic
system consisting of ventral and dorsal sinuses
with expansive segmental connecting sinuses that
ramify extensively dorsally and laterally to fill
most spaces among clitellar gland cells. Testic-
ular sinuses are absent. The presence of lateral
sinuses could not be confirmed with certainty.
Male reproductive system with 5 pairs of testi-
sacs, accessory gland cells surrounding ejacula-
tory ducts and atrial cornua, and moderately large
bursa. Paired strands of conducting tissue con-
nect copulatory zone and ovisacs. Ten pairs of
large nephridia open laterally from XIV through
XXIII.

TyPE SPECIMENS: Holotype (USNM 132421)

- JOURNAL OF THE HELMINTHOLOGICAL SOCIETY

and 10 paratypes (USNM 132422) deposited in
Division of Worms, National Museum of Nat-
ural History, Smithsonian Institution, Washing-
ton, D.C. 20560.

Type HOST: Spot, Leiostomus xanthurus La-
cépéde.

TypE LocALITY: Mouth of Chesapeake Bay,
Virginia, U.S.A., 37°10'N, 76°00'W. Salinity: 30
ppt. Temperature: 28°C.

ETrymMoLoGy: Named for the fish host.

EXTERNAL CHARACTERS (Figs. 1-3; measure-
ments of holotype given first, with measurements
of largest specimen in parentheses): Body elon-
gate, subcylindrical to flat, especially after relax-
ation in weak alcohol; distinctly divided into
trachelosome, clitellum, and urosome. Body sur-
face smooth, lacking tubercles, papillae, gills, or
pulsatile vesicles. Trachelosome usually devoid
of pigment except for paired punctiform black
spots dorsally and ventrally on the first and last
segments. Clitellum narrower than posterior
portion of trachelosome or anterior portion of
urosome; first annulus of clitellum wide and dis-
tinctly demarcated. Urosome usually unpig-
mented except for 12 pairs of segmental punc-
tiform black spots dorsally and ventrally. First
segment of urosome often has no spots resulting
in only 11 pairs in some individuals. Some in-
dividuals have faint black pigment in the form
of segmental bands on the trachelosome and uro-
some. Total length, inclusive of suckers, 8.5
(11.0); maximum width 1.5 (2.0). Mouthpore
centrally located in discoid oral sucker, 0.5 (0.8)
in diameter, and eccentrically attached to trache-
losome. Oral sucker unpigmented except for 2
pairs of poorly formed, diffuse eyes that appear
as thin, straight, or slightly curved lines (Fig. 1).
Eyes occasionally very close together, sometimes
appearing as 1 pair. Caudal sucker large and very
deeply cupped (Fig. 1, 2), 1.6 (2.2) in diameter,
usually unpigmented, but occasionally with 13
faint black pigment bands radiating outward from
urosome/sucker junction.

DIGESTIVE SYSTEM: Mouthpore centrally lo-
cated in oral sucker. Proboscis extending to gan-

—

Figures 1-5. Aestabdella leiostomi sp. n. 1. Dorsal view of A. leiostomi drawn from a whole mount showing
general body shape and portions of the reproductive and digestive systems, especially the position of the first
(ED1) and second (ED2) pairs of esophageal diverticula. C, crop; I, intestine; M, terminal portion of male
reproductive system; O, ovisac; P, proboscis; PC, postceca; T, testisac. 2. Caudal sucker, lateral view. Scale as
for Figure 1. 3. Oral sucker, lateral view. Scale as for Figure 1. 4. Diagrammatic reconstruction of the coelomic
system based on transverse sections. C, crop; CS, connecting sinus; D, dorsal sinus; G, ganglion; T, testisac; V,

ventral sinus. 5. Cocoon, lateral view.

Copyright © 2011, The Helminthological Society of Washington
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glion in IX; salivary glands located between gan-
gliain VII and IX. Typical esophageal diverticula
emerge from crop in posterior portion of XI and
project anteriorly to the level of the ganglion in
XI, lying dorsal to ejaculatory bulbs. An unusual,
second pair of esophageal diverticula emerge in
the anterior portion of XIII and project anteri-
orly to the level of the ganglion in XII (Fig. 1).
These large diverticula did not contain a portion
of the blood meal, but were filled with a granular,
basophilic material similar to that of the more
typical esophageal diverticula located in segment
XI. The crop lumen expands between the testi-
sacs in the form of paired diverticula (Fig. 1).
Usually there is a second, smaller pair of diver-
ticula (Fig. 1), but these often appeared to be
obliterated by the testisacs in large individuals.
The intestine and postceca originate immediate-
ly posterior to the ganglion in XIX. The intestine
has 3 pairs of bulbous diverticula and a series of
smaller compartments prior to a tubular rectum
(Fig. 1). The postceca are fused with fenestra at
each ganglion.

REPRODUCTIVE SYSTEM: Five pairs of large
testisacs located intersegmentally in XIV/XV.
Vasa deferentia enlarge in XIII and enter loosely
coiled epididymides in anterior portion of XIII,
continue anteriorly, and become confluent with
thick-walled ejaculatory bulbs. At ganglion in XI,
ejaculatory bulbs bend ventrad and enter atrial
cornua. Terminal portions of ejaculatory bulbs
and dorsal portions of atrial cornua covered with
accessory gland cells. Atrial cornua merge into
common atrium that opens to moderately large
bursa that terminates as the male gonopore in
the anterior portion of XII.

Female reproductive system typical, with
paired, convoluted ovisacs that merge into com-
mon oviduct and open through the female gono-
pore in the posterior portion of XII. Paired, nar-
row ducts of conducting tissue originate from the
ventral body wall at the level of the ganglion in
XIII and fuse with ventral portion of each ovisac
in the posterior portion of XIV. Cocoons (Fig.
5) measure 0.7 long by 0.4 wide; 20 were de-
posited overnight around 1 isolated leech.

CoEeLoMIC SYSTEM: Coelomic system consists
of dorsal and ventral sinuses and, probably, lat-
eral sinuses; presence of the latter could not be
confirmed with certainty. No testicular sinuses.
Connecting sinuses between the dorsal and ven-
tral sinuses ramify extensively in the region of
the ganglion in each segment to occupy most of
the space among the clitellar gland cells (Fig. 4).

- JOURNAL OF THE HELMINTHOLOGICAL SOCIETY

Ramifications of the connecting sinuses extend
laterally to the position typically occupied by
lateral sinuses, suggesting that lateral sinuses are
present. Intersegmentally, the dorsal sinus ram-
ifies ventrolaterally, but does not connect with
the ventral sinus (Fig. 4).

EXCRETORY SYSTEM: Ten pairs of large ne-
phridia occur intersegmentally in XIII/XIV
through XXII/XXIII. The single large trunk of
each nephridium originates near the ventral body
wall in the posterior portion of the segment pre-
ceding the segment in which the nephridium
opens through the body wall. Ciliated funnels
were not observed. Each nephridium passes pos-
teriorly near the ventral body wall until about
the level of the ganglion in the next segment pos-
teriorly where it bends dorsally and then laterally
to occupy a mid-lateral position. The nephridi-
um trunk enters a muscular bladder that opens
through the body wall just posterior to the gan-
glion. Thus, the nephridium that originates in
segment XIII opens to the outside just posterior
to the ganglion in XIV,

Discussion

This leech fits readily in the genus Aestabdella,
which is characterized by a smooth, subcylindri-
cal to flat body with well-developed suckers,
poorly formed eyes, 7(14)-annulate somites, ex-
tensive coelomic system, 5 pairs of testisacs, the
presence of conducting tissue, and 10 pairs of
large nephridia (Burreson, 1976). The new spe-
cies described here differs in having 1) mid-body
segments that are 6(12)-annulate; 2) a coelomic
system with extensive ramifications of connect-
ing sinuses; but 3) lacking testicular sinuses.

Aestabdella leiostomi is the first member of the
genus known from the Atlantic Ocean. The other
2 members of the genus, A. abditovesiculata
(Moore) and A4. platycephali (Ingram), are known
from the eastern North Pacific (Hawaii and the
west coast of the United States) (Moore, 1952;
Burreson, 1976) and from Tasmania (Ingram,
1957), respectively. In addition to host and geo-
graphical location, and characters listed above,
A. leiostomi differs from the other members of
the genus by the presence of a second pair of
esophageal diverticula posterior to the bursa, a
larger, much more deeply cupped caudal sucker,
and greatly reduced pigmentation.

In the lower Chesapeake Bay, A. leiostomi has
only been recovered from spot collected from
June through September. Leeches were not re-
covered from spot collected offshore in the mid-

Copyright © 2011, The Helminthological Society of Washington
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dle Atlantic region, or from croaker collected in
the estuary or offshore. Causey (1954) collected
specimens from spot collected “‘offshore” near
Pascagoula, Mississippi. However, the number
of hosts examined is small and the host and geo-
graphic range and temporal distribution of the
leech have not been adequately determined.

Externally, 4. leiostomi superficially resembles
M. philotherma, which may be present in the
same geographical area, although not reported
from the same host. The 2 species can be easily
distinguished on the basis of caudal sucker size
and shape. The caudal sucker of M. philotherma
is a shallow disc about the same diameter as the
maximum body width. The caudal sucker of A4.
leiostomi is very deeply cupped and the diameter
is greater than the maximum body width.

Burreson (1989), in a comparison of the new
genus Richardsonobdella with Aestabdella, er-
roneously stated that Aestabdella lacked con-
ductive tissue. Both Richardsonobdella and Aes-
tabdella possess conductive tissue; thus, the 2
genera are more closely related than previously
believed. However, Richardsonobdella is still
justified because it lacks large, segmental ne-
phridia.
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Accessorius peruensis gen. et sp. n. (Monogenea: Gyrodactylidea)
from Lebiasina bimaculata (Characidae) in Peru

CESAR JARA,' LIGOU AN,? AND DAVID CONE3*

' Department of Microbiology and Parasitology, Faculty of Biological Sciences, University of Trujillo,
Trujillo, Peru,

* Department of Biology, Shandong Teachers’ University, Jinan, Shandong, People’s Republic of China, and
3 Department of Biology, Saint Mary’s University, Halifax, Nova Scotia, Canada B3H 3C3

ABSTRACT: Accessorius peruensis gen. et sp. n. (Gyrodactylidea: Polyclithrinae) is described from Lebiasina
bimaculata (Characidae) in the Chicama River of Peru. Accessorius is identified by having 2 anterolateral,
tubular-shaped accessory sclerites lying beside the hamulus root. The haptor is rectangular in shape, with marginal
hooks I-III located in 2 anterolateral groups ahead of hooks IV-VIIL The penis is bulbous and armed with 1
large hooked spine and a single row of small spines. Accessorius is placed tentatively in the Polyclithrinae Rogers,
1967, because of its similarity to Polyclithrum Rogers, 1967, and Swingleus Rogers, 1969. Accessorius is the

fifth gyrodactylid genus known to occur on South American freshwater fishes.

KEY WORDS!:

During a study of gyrodactylid parasites of
freshwater fishes of Peru, an undescribed species
within a new genus was found. It is described
herein as Accessorius peruensis gen. et sp. n.

Materials and Methods

Host fishes were netted in the Chicama River, Ascope
Province, Peru. The parasites were collected according
to the method described by Mizelle and Kritsky (1967).
Fixed worms were mounted unstained in glycerine jel-
ly. Measurements, in micrometers, of the holotype are
followed in parentheses by those of the paratypes. De-
scriptive terminology follows Jara and Cone (1989).

Results
Accessorius gen. n.

Diagnosis:  Gyrodactylidae Cobbold, 1864;
Polyclithrinae Rogers, 1967. Body elongate with
2 cephalic lobes. Bulbous pharynx, short esoph-
agus, intestinal crura ending blindly. Viviparous
reproduction. Bulbous penis with large terminal
hook and single row of small spines. Round testis
immediately posterior to ovary. One pair of
hamuli. Single superficial and deep bars. Pair of
tubular accessory sclerites lateral to each ham-
ulus root. Haptor with 16 marginal hooks (8 pairs)

4 Author to whom reprint requests should be ad-
dressed.

Accessorius peruensis gen. et sp. n., Monogenea, Gyrodactylidea, Lebiasina bimaculata, Peru.

distributed unevenly, with I-III located antero-
laterally in 2 groups set away from IV-VIII. Par-
asites of freshwater teleosts.

TYPE SPECIES: Accessorius peruensis.

Accessorius peruensis sp. n.
(Figs. 1-7)

DESCRIPTION (12 specimens measured): Flat-
tened specimen 560 (472-640) long, 108 (80—
144) wide at midbody. Pharynx 27 (26—41) long,
38 (33-40) wide. Penis 17 (16-23) in diameter
with a large spine and a single row of 5 small
spines. Hamuli 120 (109-121) long; root 35 (24—
40), shaft 91 (86-97), point 31 (25-37). Tubular
accessory sclerite 24 (20-25) in outer diameter
and 50 (48-52) long. Ventral bar 13 (10-15) long,
35 (31-36) wide, with anterolateral processes 38
(30-51) long. Ventral bar membrane 71 (52-71)
long. Dorsal bar 23 (18-26) long. Marginal hook
40 (32—41) long. Sickle 5 (4-6) long, 4 (3—4) wide
proximally, 4 (4) wide distally. Handle 35 (32—
36) long, with a terminal swelling and distinct
ligament. Filament 17 (16-17)

Host: Lebiasina bimaculata Cuvier and Va-
lenciennes, 1846 (Characidae).

LocauTy: Chicama River, Peru.

SITE OF INFECTION: Body washings.

Horotype: USNM Helm. Coll. Slide 81438.

PArRATYPE: USNM Helm. Coll. Slide 81439.

-

Figures 1-7. Accessorius peruensis. 1. Whole mount in ventral view. Scale bar divisions 30 pm. 2. Ventral
view of the haptor. Scale bar divisions 30 um. 3. Accessory sclerite. Scale bar divisions 10 um. 4. Penis. Scale
bar divisions 10 pm. 5, 6. Ventral bar and hamulus. Scale bar divisions 10 um. 7. Marginal hook. Scale bar

divisions 10 pm.
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Discussion

There are 19 genera and 375 species within
the Gyrodactylidea recognized to date. They are
found worldwide on freshwater and marine fish-
es. Accessorius peruensis is the tenth species to
be described from South America. Previous re-
ports include 5 species of Gyrodactylus Nord-
mann, 1832, and single species of Scleroductus
Jara and Cone, 1989, Oogyrodactylus Harris,
1983, Phanerothecium Kritsky and Thatcher,
1977, and Paragyrodactyloides (Szidat, 1973),
that parasitize as a group a characid, a poeciliid,
and 4 siluriform fishes (Szidat, 1973; Kritsky and
Thatcher, 1977; Harris, 1983; Jara and Cone,
1989; Ligou, Jara, and Cone, unpubl.). Given the
apparently high host specificity of the gyrodac-
tylids and the vast number of fishes in South
America, we suspect a great number of gyrodac-
tylideans from fishes of the continent is yet to be
discovered.

Accessorius resembles Polyclithrum Rogers,
1967, and Swingleus Rogers, 1969, parasites of
fundulid and mugilid fishes in the southeastern
United States. Polyclithrum has 3 pairs of ac-
cessory bars, no peduncular bar, and marginal
hooks I-IV grouped anteriorly. Swingleus has a
peduncular bar, a pair of large winglike accessory
sclerites, and hooks I-III grouped anteriorly.
Rogers (1967) established the family Polyclith-
rinae on the basis of the species having the mar-
ginal hooks grouped anterolaterally on the mar-
gin of the haptor. However, Rogers (1969) then
questioned the validity of the family after de-
scribing Swingleus with a peduncular bar similar
to that present in G. prolongis Hargis, 1955. Krit-
sky and Thatcher (1977) removed G. prolongis
and other gyrodactylids with peduncular bars
from Gyrodactylus and placed the species into a
new genus, Fundulotrema Kritsky and Thatcher,
1977. Cone and Odense (1988) recently rede-
scribed Fundulotrema and revealed that, in all
known species of the genus, marginal hooks I-
111 are grouped anteriorly on the haptor. We ten-

tatively place Accessorius in the family Polyclith-
rinae because of the anterolateral grouping of the
marginal hooks. Fundulotrema likely belongs in
the family as well, but a final decision on these
rearrangements awaits a phylogenetic analysis of
the group.
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Aspidogastrid (Trematoda) Parasites of Unionid (Bivalvia)
Molluscs in Kentucky Lake!
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ABSTRACT: A total of 219 bivalve molluscs (Unionidae) representing 7 genera (10 species) from 17 localities
in Kentucky Lake was examined for aspidogastrid trematodes. Nine species were infected by Aspidogaster
conchicola Baer: Amblema plicata, Anodonta grandis, A. suborbiculata, Fusconaia ebena, F. undata, Megalonaias
gigantea, Plectomerus dombeyanus, Quadrula nodulata, and Q. quadrula. One species, A. suborbiculata, served
as a host for both A. conchicola and Cotylaspis insignis Leidy. A single specimen of Arcidens confragosus was
not parasitized by either trematode species. Prevalence was moderate for A. conchicola infected bivalves with
63 (28.8%) individuals parasitized. Prevalence was much lower for C. insignis with only 2 (0.9%) host individuals
parasitized. The highest parasite load occurred in A. suborbiculata (mean intensity = 6.3, maximum intensity

= 20 A. conchicola).
KEY WORDS:
luscs, Kentucky Lake.

Hendrix et al. (1985) stated that in North
America aspidogastrid trematodes are common
parasites of freshwater unionid mussels (Bival-
via), and there are large gaps in the known host
range and geographic distribution of freshwater
aspidogastrids. They also mentioned that distri-
butional limits have not been established.

Although it is important to define the geo-
graphical boundaries of a parasite, it is also in-
formative to map its distribution within those
boundaries. Only 1 published account of the oc-
currence of an aspidogastrid exists for Kentucky,
which reported Cotylogasteroides occidentalis
from a species of Goniobasis (Gastropoda)
(Whittaker and Kozel, 1975). No published ac-
count exists for aspidogastrids from bivalves in
Kentucky. This is the first report of the occur-
rence, prevalence, mean intensities, and maxi-
mum intensities of aspidogastrids from bivalves
in Kentucky. Additionally, a new host record is
established for Aspidogaster conchicola in Ano-
donta suborbiculata.

Materials and Methods

A total of 219 bivalve molluscs representing 7 genera
and 10 species was collected from 17 localities in Ken-
tucky Lake (12 in Kentucky, 5 in Tennessee) between
21 March and 27 October 1989 (Fig. 1). Bivalves were
collected by diving (SCUBA), placed in containers filled
with lake water, and transported to the laboratory with-

! Contribution No. 3 from the Center for Reservoir
Research, Murray State University.

Aspidogaster conchicola, Cotylaspis insignis, Trematoda, parasites, unionid, Unionidae, mol-

in 3 hr of collection. They were held in aerated tanks
containing lake water for approximately 1-48 hr before
necropsy. The valves were separated by severing the
adductor muscles with an oyster knife. Subsequently,
the gills, mantle, foot, visceral mass, kidney, and peri-
cardial region were isolated and examined for aspi-
dogastrid trematodes using a dissecting microscope.
Trematodes were removed and fixed in warm alcohol—
formalin-acetic acid (AFA) solution. Helminths were
later rinsed in 70% ethanol, stained in dilute Semi-
chon’s acetocarmine, dehydrated in a graded ethanol
series, cleared in xylene, and mounted in Permount®.

Ecological terms follow those proposed by Margolis
et al. (1982). All bivalve names are based upon Burch
(1975).

Voucher specimens have been deposited in the
USNM Helminthological Collection, USDA, Belts-
ville, Maryland 20705, as: Aspidogaster conchicola (Nos.
81277 and 81278), and Cotylaspis insignis (No. 81279).

Results

Aspidogaster conchicola Baer, 1827, parasit-
ized 9 of the 10 bivalve species examined. Co-
tylaspis insignis Leidy, 1857, was isolated only
from Anodonta suborbiculata, which also served
as a host for A. conchicola (Table 1). Aspidogaster
conchicola was found in the kidney and/or peri-
cardial region of the hosts while C. insignis was
removed from the surface of the kidney and/or
suprabranchial cavity. Overall prevalence was
moderate with 63 of 219 (28.8%) bivalves in-
fected. Respectively, 62 (28.3%) host individuals
were infected by 4. conchicola, whereas only 2
A. suborbiculata (0.9%) harbored C. insignis (1
of which was also infected with 4. conchicola).
Sixty (27.4%) of the parasitized hosts were in-
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Map of collection localities on Kentucky Lake and its relationship with nearby Lake Barkley. The

inset of Kentucky and Tennessee provides a relative geographic point of the area sampled.

fected with adult 4. conchicola, while only 4
(1.8%) bivalve specimens harbored larval 4. con-
chicola. These larvae were found in A. suborbi-
culata, Megalonaias gigantea, Plectomerus dom-
beyanus, and Quadrula quadrula. Larval forms
of A. conchicola were only observed from May
through July. No larval C. insignis were observed
during the study.

A total of 158 adult A. conchicola was recov-
ered from 63 parasitized bivalves for a mean
intensity of 2.5. The heaviest adult 4. conchicola
infection was observed in A. suborbiculata with
amean intensity of 6.3 and a maximum intensity
of 20 (Table 1). Only A. suborbiculata was par-
asitized by C. insignis. A total of 11 adult C.
insignis was recovered from 2 A. suborbiculata
for a mean intensity of 5.5 and a maximum in-
tensity of 10.

Discussion

Aspidogaster conchicola was the most preva-
lent aspidogastrid found during this study. Sim-
ilar results have been reported by other authors
(Hendrix, 1968; Nelson et al., 1975; Danford and

Joy, 1984). Danford and Joy (1984) reported a
lower overall prevalence of A. conchicola (9.4%)
in West Virginia compared to the present study
(28.3%). In contrast, Huehner and Etges (1981)
found 42.8% of the hosts examined from Ohio
parasitized by A. conchicola. Another study con-
ducted by Stromberg (1970) in Ohio reported an
overall prevalence of 23.8% for A. conchicola,
which is similar to the prevalence rate in this
study.

While C. insignis occurred only in A. subor-
biculata and was less prevalent (0.9%) than A.
conchicola in the present study, Hendrix and
Short (1965) and Flook and Ubelaker (1972) re-
ported higher prevalence rates for C. insignis.
Based upon personal calculations from data pre-
sented by Najarian (1955), the overall prevalence
of C. insignis from 29 bivalves (3 species) was
96.5%.

Mean intensities of aspidogastrids from bi-
valves in Kentucky Lake were low with a range
of 1 to 6.3 for 4. conchicola and a value of 5.5
for C. insignis. Higher mean intensities ranging
from 14.4 to 20.7 have been reported for A. con-
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Summary data of Aspidogaster conchicola and Cotylaspis insignis in bivalve molluscs collected in

Kentucky Lake between 21 March and 27 October 1989. Numbers in parentheses indicate values for C. insignis.

Aspidogastrid parasites

%
prevalence/ Overall %
No. no. of hosts Mean Maximum prevalence
Bivalve species examined infected intensity intensity N=219
Amblema plicata Say, 1817 48 29.1/14 1.9 5 6.4
Anodonta grandis Say, 1829 5 40.0/2 3.0 5 0.9
A. suborbiculata Say, 1831* 14 28.6/4 6.3 20 1.8
(14.3/2)t (5.5) (10) (0.9)
Arcidens confragosus (Say, 1829) 1 0/0 0 0 0
Fusconaia ebena (Lea, 1831) 1 100/1 1.0 1 0.5
F. undata (Barnes, 1823) 4 25.0/1 1.0 1 0.5
Megalonaias gigantea (Barnes, 1823) 68 7.4/5 5.2 17 2.3
Plectomerus dombeyanus (Valenciennes, 1827) 11 54.5/6 2.0 4 2.7
Quadrula nodulata Rafinesque, 1820 5 20.0/1 2.0 2 0.5
Q. quadrula (Rafinesque, 1820) 62 45.2/28 2.4 9 12.8
Total 219 —/63 — — 28.8

* New host record.
1 Dual infection in one host.

chicola by Stromberg (1970), Nelson et al. (1975),
Huehner and Etges (1981), and Danford and Joy
(1984). The mean intensity of C. insignis during
this study is the same as that reported from West
Virginia by Danford and Joy (1984) and similar
to values of previous studies.

Higher maximum intensities of A. conchicola
and C. insignis have been reported by some au-
thors than were observed in Kentucky Lake. Nel-
son et al. (1975) reported > 1,500 A. conchicola
from a host and Najarian (1955) observed 212
C. insignis in a single bivalve. However, Danford
and Joy (1984) stated that characteristically the
number of aspidogastrids per infected bivalve is
low.

Danford and Joy (1984) reported larval 4. con-
chicola from hosts in May and July during a 14-
month period in West Virginia. While the pres-
ent study encompassed a shorter time period of
7 months, larval 4. conchicola were only ob-
served between May and July. This may indicate
that A. conchicolareproduces during similar time
periods in the 2 geographic areas sampled.

Acknowledgments

Special thanks are extended to Carl Woods for
his expertise in graphic design. This work was
supported by a grant from the Center for Res-
ervoir Research at Murray State University.

Literature Cited

Burch, J. B. 1975. Freshwater Unionacean Clams
(Mollusca: Pelecypoda) of North America, Re-

vised ed. Malacological Publications, Hamburg,
Michigan. 204 pp.

Danford, D. W., and J. E. Joy. 1984. Aspidogastrid
(Trematoda) parasites of bivalve molluscs in west-
ern West Virginia. Proceedings of the Helmintho-
logical Society of Washington 51:301-304.

Flook, J. M., and J. E. Ubelaker. 1972. A survey of
metazoan parasites in unionid bivalves of Garza-
Little Elm Reservoir, Denton County, Texas. Tex-
as Journal of Science 23:381-392,

Hendrix, S. S. 1968. New host and locality records
for two aspidogastrid trematodes, Aspidogaster
conchicola and Cotylaspis insignis. Journal of Par-
asitology 54:179-180.

, and R. B. Short. 1965. Aspidogastrids from

northeastern Gulf of Mexico river drainages. Jour-

nal of Parasitology 51:561-569.

, M., F. Vidrine, and F. H. Hartenstine. 1985.
A list of records of freshwater aspidogastrids
(Trematoda) and their hosts in North America.
Proceedings of the Helminthological Society of
Washington 52:289-296.

Huehner, M. K.,and F.J. Etges. 1981. Encapsulation
of Aspidogaster conchicola (Trematoda: Aspido-
gastrea) by unionid mussels. Journal of Inverte-
brate Pathology 37:123-128.

Margolis, L. G., G. W. Esch, J. C. Holmes, A. M.
Kuris, and G. A. Schad. 1982. The use of eco-
logical terms in parasitology (report of an ad hoc
committee of the American Society of Parasitol-
ogists). Journal of Parasitology 68:131-133.

Najarian, H. H. 1955. Notes on aspidogastrid trem-
atodes and hydracarina from some Tennessee
mussels. Journal of the Tennessee Academy of
Science 30:11-14.

Nelson, E. N., J. K. Richardson, and H. H. Bailey.
1975. Aspects of the occurrence of aspidobothrid
parasites (Trematoda: Aspidobothrea) in Okla-
homa naiads (Pelecypoda: Unionidae). Proceed-

Copyright © 2011, The Helminthological Society of Washington




170

ings of the Oklahoma Academy of Science 55:159-  Whittaker, F. H., and T. R. Kozel. 1975. The occur-

162. rence of Cotylogasteroides occidentalis (Tremato-

Stromberg, P. C. 1970. Aspidobothrean trematodes da: Aspidobothrea) in Kentucky. Transactions of
from Ohio mussels. Ohio Journal of Science 70: the Kentucky Academy of Science 36:83.
335-341.

MEETING SCHEDULE
HELMINTHOLOGICAL SOCIETY OF WASHINGTON
1991-1992

(Wed) 9 Oct 1991 “To Be Announced,” Uniformed Services University of the Health
Sciences, Bethesda, MD

(Wed) 13 Nov 1991 “Zoonoses,” Parasitology Unit, U.S. Department of Agriculture,
Beltsville, MD

(Wed) 11 Dec 1991 Tentative meeting at the Smithsonian Institution, Washington, DC

(Wed) 8 Jan 1992 “To Be Announced,” Laboratory of Parasitic Diseases, National
Institutes of Health, Bethesda, MD

(Wed) 12 Feb 1992 “Recent Developments in Malaria Vaccine Research,” Department
of Immunoparasitology, U.S. Naval Medical Research Institute, Be-
thesda, MD

(Wed) 4 Mar 1992  “To Be Announced,” Division of Experimental Therapeutics, Walter
Reed Army Institute of Research, Washington, DC

(Wed) 8 Apr 1992 “To Be Announced,” Annual Joint Meeting with the Baltimore
Tropical Medicine Dinner Club, Johns Hopkins University and Uni-
versity of Maryland

(Sat) 2 May 1992 “To Be Announced,” Annual Joint Meeting with the New Jersey
Society for Parasitology, to be held at the New Bolton Center, Uni-
versity of Pennsylvania, Kennett Square, PA

Copyright © 2011, The Helminthological Society of Washington




J. Helminthol. Soc. Wash.
58(2), 1991, pp. 171-175

Helminth Parasites of Bowfin (4mia calva) from South Carolina
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ABSTRACT: Twelve bowfin (4dmia calva) collected from 3 backwaters off the Savannah River in South Carolina
were examined for helminth parasites. Thirteen species were found: 5 trematodes, 2 cestodes, 5 nematodes, and
1 acanthocephalan. Five species (2 trematodes, 2 cestodes, and 1 acanthocephalan) occur regularly and are
considered core species. Species richness and community abundance were high compared to published studies
on other species of freshwater fish. Although mean number of species and diversity were comparable to infra-
community patterns observed for many aquatic birds, the abundance of helminths was reduced. Host specificity
and broad feeding preferences are suggested as important determinants of helminth community structure in

bowfin.
KEY WORDS:
position.

Bowfin, Amia calva L., are the only extant spe-
cies of the Amiidae. They are found throughout
most of eastern North America in a diversity of
freshwater habitats. Their large size and abun-
dance makes them conspicuous components of
the fish assemblage in swampy, vegetated bays
of lakes and rivers (Scott and Crossman, 1973;
Pflieger, 1975).

Compared to many North American fresh-
water fishes, comparatively little information is
available on the natural history of A. calva (Reig-
hard, 1904; Holland, 1964; Cartier and Magnin,
1967, Stacy et al., 1970). This also characterizes
information on their helminth parasites with most
studies providing either descriptions of new taxa
or reports of species occurrences (e.g., Sogan-
dares-Bernal, 1955; Sillman, 1962; Premvati,
1969). Several surveys indicate compositional
variability between locations (Van Cleave and
Mueller, 1934; Bangham and Hunter, 1939;
Bangham, 1941; Bangham and Venard, 1942;
Bangham, 1955; Robinson and Jahn, 1980); none
provides analysis and few present data poten-
tially useful to understanding the organization of
parasite communities. Recent comparative
treatments of helminth infracommunity struc-
ture have suggested that those in freshwater fish
are species-poor (Kennedy et al., 1986). In the
present study, we show that bowfin can have
parasite communities that are surprisingly rich
for freshwater fish, with high proportions of fre-
quently co-occurring species.

3 Present address: Department of Biology, Wake
Forest University, Winston-Salem, North Carolina
271009.

bowfin, Amia calva, helminths, frequency, intensity, species richness, infracommunity com-

Materials and Methods

Bowfin were collected during the second week of July
1988 by electrofishing 3 backwater locations off the
Savannah River between river miles 136 and 158 in
Aiken and Barnwell counties, South Carolina. Indi-
viduals were returned live to the laboratory where they
were measured (total length) and sexed (6 male, 6 fe-
male) before necropsy. Age was determined from the
gular plate (Holland, 1964). Alimentary tracts were
immediately removed and quickly frozen in a dry ice—
95% ethanol mixture as described by Bush and Holmes
(1986). The remaining viscera and carcass were then
individually frozen for later examination. Esophagus,
stomach, and intestine were separated, measured, and
then examined. All worms were counted and identified
using either temporary wet mounts or specimens that
were fixed and prepared as permanent mounts. Vouch-
er specimens have been deposited in the United States
National Museum Helminthological Collection
(USNMH 81477-81483) and the University of Ne-
braska Parasitology Collection (HWML 31614-31621).
Noncatalogued species (unidentified Spiruridae, Cap-
illaria sp., Thynascaris brachyurum) were either un-
common or damaged, but specimens have been re-
tained by | of the authors (J.M.A.).

Terminology follows definitions established by Mar-
golis et al. (1982). Frequency of infection (V) is the
number of infected hosts. Predictability of infracom-
munity composition was measured using Jaccard’s co-
efficient (qualitative, based on species presence/ab-
sence) and percent similarity (quantitative, based on
numerical proportions of each species). Brillouin’s in-
dex, appropriate for fully censused communities (Pie-
lou, 1975), provided a measure of infracommunity di-
versity. Values were calculated using common
logarithms; for comparison with data of Kennedy et
al. (1986), where Brillouin’s index was calculated using
natural logarithms, values can be multiplied by 2.303.
Fisher exact tests (with an adjusted P = 0.005 to main-
tain an “experiment-wise” error rate of P < 0.05) were
calculated for the common helminth species to test for
differences in frequency of infection and host sex; dif-
ferences in intensity of infection were examined using
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the Mann-Whitney U-test. Correlations between in-
fection parameters and host factors were tested using
Spearman rank correlation (r,). Rejection of the null
hypothesis was at P < 0.05. Values are expressed as
mean *+ | SE.

Results

Twelve adult bowfin were examined for hel-
minths. Fish ranged in size from 520 to 680 mm
(589 = 16 mm) and were 4-8 years old. The
presence of recrudescent gonads indicated all in-
dividuals were sexually mature adults. The num-
ber of fish examined might be considered low
relative to other studies on fish parasites but,
based on cumulative species richness, >90% of
the helminth species found were recovered from
just 6 bowfin. Thus, the sample size should be
sufficient to examine patterns of infracommunity
structure.

Each bowfin was infected, and helminths were
found only in the alimentary tract (Table 1). In-
dividual fish harbored between 5 and 8 species
of helminths and 18-269 individuals; mean spe-
cies richness was 6.5 = 0.3 and community
abundance averaged 114 + 27 individuals. Bril-
louin’s index ranged from 0.32 to 0.80, with a
mean value of 0.52 = 0.04. The intestinal hel-
minth assemblage had the greatest number of
species with 3 to 6 species (4.8 + 0.3) per fish.
Number of worms found in the intestine ranged
from 7 to 230 individuals (63 * 22). Community
diversity of the intestinal helminth assemblage
varied from 0.15 to 0.43 (0.30 + 0.02). Mature
or gravid individuals of all species were repre-
sented except for Thynascaris brachyurum. Fre-
quency, prevalence, mean intensity, and site of
infection are presented in Table 1.

Composition of the helminth assemblage was
numerically dominated (>95% of individual
worms) by trematodes (5 species) and cestodes
(2 species). Two species of trematode, Macrode-
roides typicus and M. trilobatus, and the cestode,
Proteocephalus perplexus, were commonly found
and accounted for 85% of all individuals. Azygia
angusticauda, A. longa, Haplobothrium globuli-
forme, and Neoechinorhynchus cylindratus also
occurred frequently, but in moderate to low
abundance. The remaining species, including the
5 nematode species, were infrequent and abun-
dance was low.

There were no differences in the frequency or
mean intensity of infection between host sexes
for any helminth species. There were also no
significant correlations between either the num-
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ber of individuals of each species or the total
number of helminth individuals and either host
size or length of the intestine. These patterns
suggest that the number of worms is not a func-
tion of the size of the host environment.

Qualitative faunal similarity among hosts was
quite high (Jaccards coefficient = 60.0 + 1.9%).
Quantitative similarity was comparatively lower
(percent similarity = 45.3 + 2.8%) indicating
some disparity in the abundance of species across
infracommunities. Frequency of occurrence and
infracommunity abundance were significantly
correlated (r, = 0.67, P < 0.05). The co-occur-
rence of M. typicus and P. perplexus in 11 hosts,
which were often the 2 most abundant hel-
minths, influenced this correlation. In pairwise
comparisons between the intensities of all species
pairs (using only species where N = 4), only P.
perplexus and M. typicus had a significant as-
sociation (r, = 0.67, P < 0.03); there was an
equivocal positive association between Haplo-
nema immutatum and N. cylindratus (r, = 0.95,
P = 0.05). Frequency distribution of the preva-
lences of the helminth species distinguished 3
groups of species. Parasites whose prevalence was
>80% were regarded as core species, and in-
cluded P. perplexus, H. globuliforme, A. angus-
ticauda, N. cylindratus, and M. typicus. Species
with prevalence <20% are regarded as satellite
species, and those intermediate in prevalence are
regarded as secondary species (as in Bush and
Holmes, 1986).

Discussion

The helminth fauna of bowfin from this area
of the Savannah River is a renresentative subset
of the species found in oth:r parts of its geo-
graphical range (Van Cleave and Mueller, 1934;
Bangham and Hunter, 1939; Bangham, 1941;
Bangham and Venard, 1942; Bangham, 1955;
Robinson and Jahn, 1980). With the exception
of Capillaria sp., every species has previously
been reported from bowfin. Macroderoides tri-
lobatus had only been reported before from bow-
fin collected in the Ochlocknee River, Georgia
(Taylor, 1978). In this study, it is the absence of
monogeneans or larval trematodes, cestodes, or
nematodes that is most unique.

The high species richness and diversity of the
helminth assemblage from bowfin in this locality
are unusual among freshwater fish. Most studies
indicate helminth communities of a variety of
freshwater fish are species-poor with low or vari-
able abundance and low community diversity
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Table 1. Frequency, prevalence, mean intensity, and site of infection for gastrointestinal helminths of bowfin

(Amia calva).

Mean
intensity
Helminth species Site* N (%)t (SE)

Trematoda

Azygia angusticauda (Stafford, 1904) Manter, 1926 S, SI 12 (100) 6.8 (1.9)

Azygia longa (Leidy, 1851) Manter, 1926 S, SI 5(42) 1.0 (0.0)

Macroderoides typicus (Winfield, 1929) Van Cleave and Mueller, 1932 LI 11(92) 35.0(13.2)

Macroderoides trilobatus Taylor, 1978 SI 6 (50) 44,7 (22.9)

Microphallus opacus (Ward, 1894) Ward, 1901 SI 2(17) 8.5 (7.5)
Cestoda

Haplobothrium globuliforme Cooper, 1914 SI 10 (83) 2.0 (0.5)

Proteocephalus perplexus LaRue, 1911 S, SI 12 (100) " 44.9(14.2)
Nematoda

Camallanus oxycephalus Ward and Magath, 1917 LI 4 (33) 2.5(1.5)

Capillaria sp. E 1(8) 1

Haplonema immutatum Ward and Magath, 1917 SI 4(33) 3.0(0.8)

Unidentified Spiruridae SI 2(17) 1.0 (0.0)

Thynascaris brachyurum (Ward and Magath, 1917 sensu Van Cleave and

Mueller, 1934) S 1(8) 1

Acanthocephala

Neoechinorhynchus cylindratus (Van Cleave, 1913) Van Cleave, 1919 SI 10 (83) 3.4 (0.8)

* E = esophagus; S = stomach; SI = small intestine; LI = large intestine.
1 N (%) = frequency, number of fish infected (prevalence, % of fish infected).

(Kennedy et al., 1986). Excluding this study, in-
fracommunity richness for bowfin ranges from 2
to 4 species per location (Bangham and Hunter,
1939; Bangham, 1941; Bangham and Venard,
1942; Bangham, 1955), whereas most freshwater
fish typically have fewer than 2 species per host
individual (Kennedy et al., 1986). Patterns of
species richness and diversity observed here for
bowfin are comparable to helminth communities
in many aquatic birds (Kennedy et al., 1986;
Stock and Holmes, 1987; Holmes, 1990). Fun-
damental differences in helminth infracommu-
nity structure between ectotherms and endo-
therms is suggested to be a function of
physiological and behavioral processes affecting
the acquisition of parasites by individual hosts.
The energy demands of endothermy increase ex-
posure to infected intermediate hosts, and con-
tribute to the development of larger, more com-
plex communities (Kennedy etal., 1986). Factors
contributing to differences among fish species,
and apparent parallels in community complexity
with some aquatic birds are, however, still un-
clear.

Host specificity makes an important contri-
bution to the helminth community structure for
bowfin from this locality. Unlike the pattern of

low helminth assemblage similarity within and
between locations for many species of freshwater
fish (Esch et al., 1988; Kennedy 1990), the pres-
ence of a central block of frequent, regularly co-
occurring core species results in considerable
qualitative similarity among bowfin infracom-
munities. Based on patterns from the literature
(see Hoffman, 1967; Margolis and Arthur, 1979
for summary checklists), 3 core species (P. per-
plexus, H. globuliforme, and M. typicus) are host
specialists of Amia as are the 2 secondary species,
H. immutatum and M. trilobatus. The remaining
2 core species (N. cylindratus and A. angusticau-
da), as well as all satellite species, are host gen-
eralists reported from a wide variety of fresh-
water fish.

Qualitative similarity for 6 surveys (Van Cleave
and Mueller, 1934; Bangham and Hunter, 1939;
Bangham, 1941; Bangham and Venard, 1942;
Bangham, 1955; Robinson and Jahn, 1980) is
low (30.1 % 4.3%) suggesting considerable vari-
ability in the helminth assemblage among dif-
ferent bowfin populations. Compositional dif-
ferences between populations are predominantly
due to species replacements of host generalists;
specialist species only account for ca. 25% of the
helminth species reported from bowfin. This pat-
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tern, therefore, suggests that processes determin-
ing the abundance of host generalists (e.g., avail-
ability of suitable intermediate hosts, geographic
location, or composition of the host community)
strongly influence the richness and diversity of
the helminth assemblage. This view is contrary
to suggestions by Toft (1986) that species rich-
ness in parasite communities should be enhanced
by a high degree of host specificity.

A second factor that contributes to helminth
community structure appears to be host feeding
preferences. Examination of food habits of adult
bowfin suggests that they are omnivorous, but
forage extensively on a variety of fish and crus-
taceans such as grass shrimp and crayfish (Hol-
land, 1964; Cartier and Magnin, 1967; Stacy et
al., 1970). The proportions of parasites derived
from different intermediate hosts support these
patterns, and emphasize the importance of fish
and crustaceans to helminth acquisition. Illus-
trated by the present study, helminths using fish
intermediate hosts represent approximately 50%
of the species and 80% of the community abun-
dance while those using crustaceans account for
20-30% of the species. Life cycles for the re-
maining species are either direct (15% of the spe-
cies) or are incompletely known (H. immutatum,
Capillaria, unidentified Spiruridae).

Kennedy et al. (1986) suggest that broad diets
should promote development of diverse hel-
minth communities and that selective feeding
can lead to large infrapopulations. Price and
Clancy (1983) provide evidence that predaceous
fishes have richer helminth communities than
fishes lower in the food chain. The feeding pref-
erences of bowfin are consistent with these pre-
dictions for the establishment of diverse com-
munities and large infrapopulations (‘“‘large”
relative to most other ectotherms). These fea-
tures suggest the existence of predictable, strong
trophic linkages among bowfin that encourage
qualitative consistency in infracommunity com-
position within a location. Although other fresh-
water fish are opportunistic, generalist omni-
vores, depauperate helminth infracommunities
in these species may reflect either greater tem-
poral and spatial variation in patterns of prey
utilization or intermediate hosts that do not have
high prevalence or intensity of infection. Similar
observations for the development of depauperate
infracommunities in other ectotherms have been
made by Goater et al. (1987) and Aho (1990).

The high helminth infracommunity richness
and diversity of bowfin from this location, com-
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pared to other studies on bowfin, are thought to
be habitat related. Where information on collec-
tion site is provided, the helminth fauna of bow-
fin has been predominantly studied in lentic en-
vironments. Bowfin examined in this study were
found within the vicinity of protected, vegetated
backwaters off the main river channel. These are
highly productive habitats compared to main
channel reaches (Brinson et al., 1981); presence
of woody debris and submerged aquatic vege-
tation associated with these areas serve as valu-
able cover for a diversity of fish species and sub-
strate for invertebrate production. The preference
of bowfin for low velocity, clear water habitats
(Scott and Crossman, 1973; Pflieger, 1975) leads
to high spatial and temporal overlap of host and
parasite life histories. This can enhance helminth
transmission and circulation dynamics. While
their somewhat isolated nature makes them anal-
ogous to small lakes, these backwaters are also
continually exposed to immigration by inverte-
brates and vertebrates dispersing helminth larval
stages. As a result, helminth species present in a
habitat may be reintroduced frequently (as in the
rescue phenomenon of island biogeography;
Schoener, 1983) or colonized by new helminth
species. The dynamic processes operating within
these backwaters provide, and maintain, con-
ditions promoting development of complex local
helminth communities. As a consequence of these
processes, bowfin helminth infracommunity
structure approaches helminth species richness
and diversity features found in several species of
aquatic birds. We would also expect other fish
found in these environments to have richer, and
more predictable helminth infracommunities
than typically found in lentic habitats.
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Some Digeneans (Trematoda) of the Green Turtle, Chelonia mydas
(Testudines: Cheloniidae) from Puerto Rico
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ABSTRACT: The Caribbean Aquatic Animal Health Project and the Caribbean Stranding Network attempted
to rehabilitate a moribund green turtle, an endangered marine species, from Puerto Rico. The animal died and
a necropsy was performed in an attempt to determine the cause of death. Several species of digeneans were
found: a single spirorchid, Learedius learedi; 2 pronocephalids, Pyelosomum cochelear and Glyphicephalus
lobatus, recorded for the first time in green turtles of Puerto Rico; a single angiodictyid, Deuterobaris proteus,
which represents a new locality record for the Caribbean; and 3 microscaphidiids, Angiodictyum parallellum
and Octangium sagitta, which represent new locality records for the Caribbean and Atlantic Ocean, respectively,
and Polyangium linguatula, a new locality record for Puerto Rico.

KEY WORDS: Digenea, Learedius learedi, Pyelosomum cochelear, Glyphicephalus lobatus, Deuterobaris proteus,
Angiodictyum parallelum, Octangium sagitta, Polyangium linguatula, green turtle, Chelonia mydas, Puerto Rico.

The green turtle, Chelonia mydas (Linnaeus,
1758), is a marine species with a geographic dis-
tribution encompassing the Atlantic, Pacific, and
Indian oceans (Ernst and Barbour, 1989). Al-
though it usually prefers a tropical climate, it has
been recorded as far north in the Pacific as Alaska
(Hodge, 1981) and in the Atlantic to Great Brit-
ain (Brongersma, 1972). Chelonia mydas is a
threatened species throughout its range and an
endangered species in the breeding colony pop-
ulations of Florida and the Pacific Coast of Mex-
ico (Anonymous, 1979).

Few reports are available on the parasites of
wild turtles of Puerto Rico. Fischthal and Ach-
olonu (1976) reported 28 species of digeneans
from 14 Atlantic hawksbill turtles, Eretmochelys
imbricata imbricata (Linnaeus), from Cabo Rojo.

On 15 April 1990, a moribund green turtle was
snagged in a fishing line off Ponce, Puerto Rico.
The animal was emaciated and the plastron se-
verely sunken. Rotation to the right of a normal
horizontal position in the water suggested dam-
age or failure of the left lung. The turtle was held
for 2 days after rescue but its health deteriorated
and it died on 17 April. A necropsy was per-
formed in an attempt to determine the cause of
death. The helminths collected during this in-
vestigation are reported herein. All species are
recorded for the first time from C. mydas in Puer-
to Rican waters.

Materials and Methods

All helminths were recovered in situ at necropsy
from the turtle shortly after death. The digestive tract,

lungs, circulatory system, and urinary bladder were
examined for helminths. The digeneans were fixed in
warm AFA with light coverglass pressure, stained in
Harris’ hematoxylin, dehydrated, cleared in beech-
wood creosote, and mounted in Canada balsam. All
specimens were deposited in the United States Na-
tional Museum Helminthological Collection (USNM
Helm. Coll.) as noted.

Results and Discussion

Six species of digeneans, including 2 prono-
cephalids, 1 angiodictyid, and 3 microscaphi-
diids, were recovered from the digestive tract and
1 spirorchid from the cardiac cavity. All other
tissues examined were negative for digeneans.

Spirorchidae Stunkard, 1921
Spirorchinae Stunkard, 1921
Learedius learedi Price, 1934

Although 7 genera and 1O species of spiror-
chids have been recorded in Chelonia mydas from
other parts of the world (Smith, 1972), none has
been reported from this turtle in the West Indies.

Three specimens of a spirorchid identified as
Learedius learedi were found in the cardiac cav-
ity. The genus Learedius was proposed by Price
(1934) for a single specimen of L. learedi found
in the circulatory system of Chelone mydas
(=Chelonia mydas), which died in the National
Zoological Park, Washington, D.C. A more de-
tailed account of L. /earedi based on 45 speci-
mens was given later by Caballero et al. (1955)
from C. mydas of Panama. Learedius learedihas
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also been reported in wild green turtles from
Florida (Nigrelli, 1941) and Bermuda (Rand and
Wiles, 1985) and mariculture-reared green tur-
tles from the Cayman Islands (Greiner et al.,
1980). It has also been reported in Eretmochelys
imbricata imbricata from Puerto Rico (Fischthal
and Acholonu, 1976).

Spirorchid eggs have been associated with his-
topathological changes occurring in wild C. my-
das. Glazebrook et al. (1981) reported that eggs
of Haplotrema sp. released into the circulation
from the heart and other sites of a moribund
green turtle captured near Townsville in North
Queensland, Australia, elicited a generalized fo-
cal granulomatous reponse in the host. Rand and
Wiles (1985) found that eggs of Learedius learedi
evoked a granulomatous host reaction with mul-
tiple foci in all tissues examined from several
moribund green turtles from inshore Bermuda
waters after storms. Greiner et al. (1980) re-
ported what appeared to be spirorchid eggs sur-
rounded by discrete chronic granulomata con-
sisting of epithelial cells, multinucleated giant
cells, and mononuclear cells in tissues of several
mariculture-reared green turtles from Grand
Cayman. Jacobson et al. (1986) found few spi-
rorchid eggs in lung tissue of green turtles with
lung, eye, and trachea disease from Cayman
Turtle Farm, Grand Cayman. We did not detect
eggs of L. learedi in either the blood or other
tissues examined.

This is the first report of the species in wild
green turtles from the Caribbean. Voucher spec-
imens of L. learedi have been deposited as USNM
Helm. Coll. No. 81202.

Pronocephalidae Looss, 1902
Pronocephalinae Looss, 1899

Pyelosomum cochelear Looss, 1899

Three digeneans from the cloaca were identi-
fied as Pyelosomum cochelear. Looss (1899) es-
tablished the genus Pyelosomum with P. coche-
lear from the urinary bladder of C. mydas of
Egypt as type species. This species has also been
reported in C. mydas from Panama (Caballero,
1954) and C. mydas from Florida (Nigrelli, 1941).
To our knowledge, the only other species of Pye-
losomum reported in C. mydas is Pyelosomum
posterorchis Oguro, 1936, which was originally
described from the intestine of Eretmochelys
squamosa (Linnaeus) of Palao Island and rede-
scribed by Caballero et al. (1955) from C. mydas
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of the Pacific coast of Panama. Fischthal and
Acholonu (1976) reported P. posterorchis from
the Atlantic hawksbill turtle, Eretmochelys im-
bricata imbricata of Cabo Rojo, Puerto Rico.

This represents the first report of P. cochelear
in green turtles of Puerto Rico. Voucher speci-
mens have been deposited as USNM Helm. Coll.
No. 81203.

Glyphicephalus lobatus Looss, 1901

Two immature and 1 mature specimen of a
pronocephalid digenean from the large intestine
were identified as Glyphicephalus lobatus. Looss
(1901) erected the genus Glyphicephalus with the
type species as G. solidus from C. mydas of Egypt.
According to Yamaguti (1971), this species has
also been reported in Eretmochelys imbricata
from Cuba. Glyphicephalus lobatus was de-
scribed from C. mydas in Egypt by Looss (1901).
It has also been reported in C. mydas from Pan-
ama and in Eretmochelys squamosa from Palao
Island. This species has been redescribed as Pleu-
rogonius lobatus (Looss, 1901) by Ruiz (1946)
and later redescribed as P. lobatus by Caballero
et al. (1955) in C. mydas. It has also been re-
ported from Puerto Rico in E. imbricata imbri-
cata by Fischthal and Acholonu (1976).

This is the first report of this species in C.
mydas of Puerto Rico. Specimens of G. lobatus
have been deposited as USNM Helm. Coll. No.
81204,

Angiodictyidae Looss, 1902
Deuterobaridinae Looss, 1902

Deuterobaris proteus (Brandes, 1891)
Looss, 1902

Twenty-one angiodictyids from the small in-
testine were identified as Deuterobaris proteus.
Two species of Deuterobaris have been described
from marine turtles; D. proteus in Chelone viridis
(=Chelonia mydas) from the Mediterranean, and
D. chelonei Gupta, 1961, in C. mydas from Trin-
idad. Gupta (1961) did not mention the presence
of ventral glands in the description. No type
specimen was designated nor was any record of
deposition of type material given. Deuterobaris
proteus has been reported from green turtles of
Florida (Nigrelli, 1941).

This is the first report of D. proteus from the
Caribbean. Specimens of D. proteus have been
deposited as USNM Helm. Coll. No. 81205.
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Microscaphidiidae Travassos, 1922
Microscaphidiinae Looss, 1900

Angiodictyum parallelum
(Looss, 1901) Looss, 1902

Sixty-five specimens of a microscaphidiid from
the large intestine agree quite well with speci-
mens of Angiodictyum parallelum described by
Looss (1901) and reexamined later by Blair
(1986). Four species of Angiodictyum are known
from marine turtles: 1 from the hawksbill turtle,
2 from the green turtle, and 1 from both species.
Angiodictyum parallelum has been reported in
the large intestine of C. mydas from the Medi-
terranean coast of Egypt and from Florida (Ni-
grelli, 1941). Angiodictyum glossoides Blair, 1986,
has been reported in the intestine of E. imbricata
from Rio Cafiaveral, Caribbean coast of Panama.
Angiodictyum longum Blair, 1986, has been re-
ported in the pseudocecum of C. mydas from
Queensland, Australia, and the large intestine of
C. mydas from the Straits of Malacca, Malaysia
and from Ceylon. Angiodictyum posterovitella-
tum Challopadhyaya, 1972, has been recorded
in the lower intestine of E. imbricata from the
Gulf of Manar, India and the large intestine of
C. mydas from Queensland, Australia. A key to
the species of Angiodictyum was given by Blair
(1986).

This is the first report of the digenean from
the Caribbean. Specimens of 4. parallelum have
been deposited as USNM Helm. Coll. No. 8§1206.

Polyangium linguatula
(Looss, 1899) Looss, 1902

Five specimens of a microscaphidiid from the
large intestine were identified as Polyangium
linguatula. Yamaguti (1971) lists Monostomum
reticulare Walters, 1893, Microscaphidium lin-
guatula Looss, 1899, and Monostomum pseu-
damphistomum Creplin, 1846, as synonyms of
this species. Our specimens agree quite well with
the specimens described by Looss (1902) except
that our specimens are slightly shorter. Later de-
scriptions of P. linguatula include those of Teix-
eira de Freitas and Lent (1938), Groschaft et al.
(1977), and Blair (1986). Specimens examined
by Groschaft et al. (1977), although mature, were
smaller (maximum body length 2.96 mm) than
any recorded including our specimens (maxi-
mum body length 3.20 mm). The tegument of
our specimens is smooth and the esophageal bulb
weakly developed as reported by Groschaft et al.
(1977).
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Polyangium linguatula has been reported in C.
mydas from the Mediterranean coast of Egypt
(Looss, 1899, 1902; Sey, 1977), Australia (John-
ston, 1913), Singapore (Kobayashi, 1915), Brazil
(Teixeira de Freitas and Lent, 1938), Florida (Ni-
grelli, 1941; Manter, 1954), India (Mehrotra,
1973; Blair, 1986), and Cuba (Groschaft et al.,
1977). Other species of Polyangium reported from
marine turtles include P. miyajimai Kobayashi,
1921, in Chelonia mydas, P. longiseminale Chat-
topadhyaya, 1972, in Caretta caretta, and P. co-
lymbi (Poche, 1926) Price 1937. The latter spe-
cies was described from the collection of the
University of Granz as Nephrobius colymbi which
was allegedly found in the kidney of Colymbus
arcticus, a bird found in the digestive tract of a
marine turtle. Price (1937), however, pointed out
that the specimens are indistinguishable from
Polyangium and suggested that they must have
been mislabeled. We concur with Blair (1986)
that Polyangium is represented by P. linguatula
as the sole species and that specimens of P. lon-
giseminale, P. miyajimai, and P. colymbi all lie
within the range described for P. linguatula.

This is the first report of this digenean in a
wild turtle from Puerto Rico. Specimens of P.
linguatula have been deposited as USNM Helm.
Coll. No. 81208.

Octangiinae Looss, 1902
Octangium sagitta (Looss, 1899) Looss, 1902

A single specimen of a microscaphidiid from
the large intestine was identified as Octangium
sagitta based on the description of this species
as given by Blair (1987). Although several species
of Octangium have been described, Blair (1987)
recognized only 2, O. sagitta and O. hypalum.
These may be differentiated by the latter species
having 3 pairs of primary ducts in the excretory
plexus, the more anterior placing of the testes,
the shorter lateral vitelline field, and a relatively
larger esophageal bulb than the former species.
Octangium sagitta, of which O. hasta Looss, 1902,
and O. takanoi Kobayashi, 1921, are considered
synonyms according to Blair (1987), has been
reported in the intestine of C. mydas from the
Mediterranean coast of Egypt, Australia, India,
Singapore, and Taiwan and also in the large in-
testine of E. imbricata from India. Octangium
hypalum, of which O. takonoi Kobayashi sensu
Mehrotra (1973) and Tandon and Gupta (1981)
is considered a synonym according to Blair
(1987), has been reported from the pseudocecum
of C. mydas from Queensland, Australia.
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This is the first report of O. sagitta from the
Atlantic Ocean. A specimen has been deposited
as USNM Helm. Coll. No. 81207.
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The Proliferative Tetrathyridium of Mesocestoides vogae sp. n. (Cestoda)
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ABSTRACT: The name Mesocestoides vogae sp. n. is proposed for the species of asexually proliferative tetra-
thyridium described by Specht and Voge (1965) and now in popular use in many laboratories in the world. A
number of developmental differences are cited that make the tentative identification of this species as Meso-
cestoides corti Hoeppli, 1925, by Specht and Voge difficult to accept. Until further data become available which
demonstrate its adult stage and definitive host, a different name should be used for this metacestode species.

KEY WORDS:
taxonomy, Cestoda.

Mesocestoides corti was first named and de-
scribed in the adult form by Hoeppli (1925). Us-
ing a vial of about 100 preserved worms ““col-
lected by W. W. Cort in 1909 at Colorado Springs,
Colorado” from “a specimen of the common
house mouse, Mus musculus,” Hoeppli de-
scribed these adult worms and named them in
honor of the collector. Specht and Voge (1965)
described a form of asexually proliferative tet-
rathyridia in the fence lizard, Sceloporus occi-
dentalis biseriatus, and demonstrated the re-
markable proliferative ability of these worms in
the coelom and liver of laboratory mice. They
tentatively identified this tetrathyridium as M.
corti, with the disclaimer that “‘this might suggest
our species is not M. corti” because they were
not able to obtain development to a definitive
size in either mice or cats. Voge (1967) further
expressed her doubt of the identity of these lar-
vae, stating that “Specht and Voge (1965) de-
scribed asexual multiplication of tetrathyridia
apparently belonging to Mesocestoides corti”
(emphasis added by the writer). Beaver (1989)
seriously questioned that mice could be the type
host of Mesocestoides corti, because M. cortiadults
have never been rediscovered in the house mouse
in over 60 ensuing years, nor has any experi-
mental study shown that the proliferative tetra-
thyridium isolated by Specht and Voge (1965)
can develop into an adult worm comparable in
size to Hoeppli’s (1925) original description.
Conn (1990) reviewed the literature concerning
asexual reproduction in species of tetrathyridia
and concluded that the only verified instance of
this ability is seen in the strain isolated by Specht
and Voge (1965). The present study is an attempt
to resolve the question of the identity of this
unique species of Mesocestoides.

Mesocestoides corti, Mesocestoides lineatus, Mesocestoides vogae sp. n., asexual proliferation,

Materials and Methods

The asexually proliferative tetrathyridia used in this
study were from a lineage originally obtained from the
western fence swift by Specht and Voge (1965) and
maintained in random bred BALB-C mice. About 150
worms obtained from the coelom of infected mice were
introduced by stomach tube in all experimental infec-
tions. Non-proliferative tetrathyridia of Mesocestoides
lineatus (Goeze, 1782) were obtained from Anolis car-
olinensis purchased from a commercial supplier as de-
scribed by Conn and Etges (1984). Adults developed
from these tetrathyridia in Syrian hamsters.

Microscope slide preparations were made of speci-
mens fixed in neutral-buffered formalin and stained
with Semichon’s acetic acid carmine. When the non-
specific esterase substrate bromindoxyl acetate was used,
specimens were fixed after 1-3-hr periods in the sub-
strate solution (Thompson, 1966). Cover glass pressure
was used only when needed for large specimens.

Specimens for scanning electron microscopy were
fixed in modified Karnovsky’s fixative, soaked over-
nightin0.1 M cacodylate buffer, dehydrated in ethanol,
critical point dried with CO,, mounted on aluminum
stubs, coated with 30 nm of gold/palladium in a sputter
coater, and observed with an ETEC Autoscan electron
microscope at 20 kV.

Results

In a period of 6 to 12 mo, mice were infected
by many thousands of tetrathyridia actively pro-
liferating by both multiple fission (Fig. 1) and
binary fission (fissiparity) (Fig. 4). All growing
and reproductive stages showed typical everted
scolices (Fig. 2). Most tetrathyridia were found
free in the coelom, but a considerable number
were encapsulated in liver tissue and (rarely) in
other organs such as mammary glands. Prolif-
erative tetrathyridia from mice never showed any
significant increase in size or ability to strobilize
in the hamster intestine, but they were able to
survive for more than 2 mo in this location, while
undergoing asexual proliferation.
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Figures 1-4. Tetrathyridia of Mesocestoides vogae (1,2, 4) and M. lineatus (3). 1. Holotype specimen showing
multiple scolex formation (Semichon’s acetocarmine); scale bar = 0.25 mm. 2. Paratype specimen showing typical
everted scolex (Bromindoxyl acetate stain); scale bar = 0.12 mm. 3. M. lineatus, a typical nonproliferative
tetrathyridium with inverted scolex (Semichon’s acetocarmine); scale bar = 0.50 mm. 4. SEM image showing
binary scolex formation (fissiparity); scale bar = 0.25 mm.
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Mesocestoides lineatus tetrathyridia never un-
derwent reproduction when transplanted into the
coelom of mice or hamsters, but remained the
same in size and form as when recovered from
the coelom of their anole hosts (Fig. 3). In the
small intestine of 1 hamster, 3 gravid adult worms
were obtained experimentally after only 22 days;
these strobilae were 35, 165, and 208 mm long
and were composed of about 100-400 proglot-
tids.

Proliferative tetrathyridia from mice are the
basis for the description of a new species.

Description

Mesocestoides vogae sp. n.
(Figs. 1, 2, 4)

Diagnosis:  Cestoda: Mesocestoidea. Meta-
cestodes of the tetrathyridial type, ranging in size
from 0.10 to 0.25 mm in length (Fig. 2); asexually
proliferative by means of multiple (Fig. 1) and
binary fission (fissiparity) (Fig. 4). Primarily sit-
uated in coelom and liver of reptiles (naturally)
and small mammals (experimentally); occasion-
ally able to invade other organs (of experimental
hosts), such as mammary glands, mesenteries,
testes, etc. Able to survive and replicate in small
intestine of small mammals, elongate to 4~5 mm,
but not strobilize. Occasionally able to strobilize
slightly in experimental hosts such as cats and
skunks, but rarely to fully gravid condition or
length greater than 5 mm.

TYPEHOST: Sceloporus occidentalis biseriatus
(Hallowell, 1854), the western fence lizard.

EXPERIMENTAL HOSTS: Mice, hamsters, cats,
dogs, and other mammals.

TypPE LOCALITY: Riverside and Los Angeles
counties, California.

ETYMOLOGY: The name is in honor of Mar-
ietta Voge, late Professor of Microbiology at the
University of California at Los Angeles, who dis-
covered this strain of proliferative tetrathyridia,
and drew attention to it as a useful experimental
model system.

SPECIMENS DEPOSITED: Holotype: USNM
Helm. Coll. No. 81558. Paratypes: USNM Helm.
Coll. No. 81559.

Discussion

Since its erection by Vaillant (1863), the genus
Mesocestoides has remained enigmatic. The
complete life cycle has never been demonstrated
experimentally (though generally believed to in-
volve 3 obligate hosts), the systematic relation-
ships of the genus are uncertain, and the validity
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of many named species is questionable because
controlled experimental infections are not pos-
sible without knowing the identity of the first
intermediate host, presumably an arthropod
(Webster, 1949). Judging from the recent com-
prehensive account of Schmidt (1986), adult
Mesocestoides are almost always parasitic in the
small intestines of various carnivores, except for
2 species found in birds and the original report
of M. cortiin the house mouse by Hoeppli (1925).
Mueller (1930) distinguished M. corti from M.
latus Mueller, 1927, on the basis of the shorter
length (4-8 cm), smaller number of proglottids
(200-300), and smaller egg size (0.035 mm) in
M. corti. Voge (1955) revised the genus, placing
M. variabilis Mueller, 1927, and M. manteri
Chandler, 1942, into synonymy with M. corti
Hoeppli, 1925, based on her study of 3 preserved
worms of the 100 used by Hoeppli (1925). She
concluded that “I am reasonably certain that
Mesocestoides corti Hoeppli and Mesocestoides
variabilis Mueller are cospecific.”” Neither Hoep-
pli, Mueller, nor Voge commented on the pres-
ence of 100 adult worms in the intestine of a
single house mouse.

Tetrathyridia have often been reported in host
surveys, as has their development into various
species of Mesocestoides. For example, Loos-
Frank (1980) reported a typical case of adult de-
velopment in cats experimentally exposed to tet-
rathyridia of M. leptothylacus, a natural parasite
of foxes. She also showed that this species of
tetrathyridium did not proliferate asexually in
mice, birds, or voles. A similar result was ob-
tained by the writer, using tetrathyridia from the
common anole, Anolis carolinensis, reported by
Conn and Etges (1984). In 1 Syrian hamster, 3
adult strobilae were obtained in only 22 days
postinfection. These worms, tentatively identi-
fied as M. lineatus by Conn et al. (1984), were
shown to survive indefinitely with no asexual
proliferation as tetrathyridia (Fig. 3) in the coe-
lom of mice and hamsters in several experi-
ments, including the present report.

The first, and probably only, proven descrip-
tion of a proliferative tetrathyridium species is
that of Specht and Voge (1965), who recovered
their material from the coelom of the fence liz-
ard, Sceloporus occidentalis biseriatus, in south-
ern California. They demonstrated the remark-
able ability of these worms to proliferate
asexually, by a process termed “fissiparity,” in
vitro maintenance of the tetrathyridia for 4.5 mo,
and the ease with which this parasite can be
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transferred from mouse to mouse by stomach
intubation. They also stressed the possibility of
exploiting this convenient experimental model,
a suggestion that has led to hundreds of publi-
cations produced by laboratories worldwide. All
such studies descend from this 1 landmark report
and the generosity of the discoverers who have
provided this parasite for everyone’s use. How-
ever, because Specht and Voge were unable to
obtain adult worms in mice or cats, their iden-
tification of the species was very tentative; they
suggested that “our species (might) not (be) M.
corti. Voge (1967) expressed further uncertainty
of its identity in her study, stating that Specht
and Voge described asexual multiplication of tet-
rathyridia “apparently belonging to Mesoces-
toides corti.”” Uncertainty notwithstanding, the
name M. corti is universally used to refer to this
proliferative metacestode.

Several reports, mainly employing in vitro
techniques (Voge, 1967; Eckert et al., 1969; Bar-
rett et al., 1982; Kawamoto et al., 1986), have
provided some evidence of growth (up to 1.84
cm), strobilization (up to 40 proglottids), and
sexual maturation (a few embryonated eggs of
about % the diameter of those described for M.
corti(0.035 mm) by Hoeppli [1925]). Because the
first intermediate host of Mesocestoides is yet
unknown, infectivity of eggs produced by the
stunted adults derived from proliferative tetra-
thyridia cannot be tested. It would be of some
interest if they could be shown to hatch and de-
velop in vitro in the manner described by Voge
(1967) for eggs taken from adults found in natural
infections, but there has been no report of this
to the writer’s knowledge. In any case, identifi-
cation of proliferative tetrathyridia will remain
as tentative as Voge believed, until they can be
shown to produce adult worms comparable to
the 4-8 cm worms described by Hoeppli (1925).

The identity of the mouse as type host of M.
corti was seriously questioned by Beaver (1989),
because no confirmation of a natural infection
in mice has been reported in over 60 yr. Fur-
thermore, the presence of about 100 adult worms
of 4-8-cm length in the intestine of so small a
host is surprising, a point not commented upon
by either Hoeppli (1925), Mueller (1930), or Voge
(1955). One can only speculate on the reasons
that might explain this peculiarity in the descrip-
tion of M. corti and its host.

Conn’s (1990) comprehensive literature re-
view led to his conclusion that asexual prolif-
eration is a proven ability in only 1 species of
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tetrathyridium, i.e., that described by Specht and
Voge (1965), and the suggestion that it “‘may be
no more than a rare anomaly that has been prop-
agated because of its convenience as a laboratory
model.” The writer concurs in these views, but
suggests that perhaps asexual proliferation in
Mesocestoides tetrathyridia may be a valuable
evolutionary adaptation to the scarcity of defin-
itive hosts, allowing for it to be transmitted di-
rectly from one vertebrate to another by deleting
intermediate and definitive hosts from the nor-
mal life cycle. Confirmation of this view will
depend on fieldwork to confirm the presence of
asexual proliferation in a larger number of cases
than presently known (1 fence lizard and 1 horned
toad; Voge, pers. comm.).

Because of the several questions raised by Conn
(1990) and Beaver (1989), and the uncertain
identity of the proliferative tetrathyridium spe-
cies discovered by Specht and Voge (1965), the
writer is convinced that another name should be
coined for it, and that M. corti be restricted to
the adult worms described by Hoeppli (1925)
and any other morphologically similar adults
found in any mammalian host. While Witen-
berg (1934) cautioned against the naming of spe-
cies of tetrathyridia because “no specific mor-
phological distinction may be recognized between
them” and ““only in limited instances is it pos-
sible to indicate to what species they should be
attributed,” the writer thinks that there are good
and sufficient developmental and physiological
grounds (cited above) for giving a separate name
to the proliferative tetrathyridia isolated by
Specht and Voge.
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Nematode Parasites from Marine Fishes of Okinawa, Japan
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ABSTRACT: Paracapillaria sesokoensis sp. n. is described from Fistularia petimba, Cucullanus okinawanus sp.
n. from Echidna delicatula, and Dichelyne (Neocucullanellus) laticeps is redescribed from Arothron mappa.
Paracapillaria sesokoensis is distinguished from other members in the genus by the shape and measurement of
spicule, and C. okinawanus is readily distinguished from other representatives in the genus by its stout spicules
and body dimensions. Spirocamallanus istiblenni, Heliconema baylisi, and D. (N.) laticeps are recorded from
Okinawan fishes for the first time, and their presence suggests that the fish nematode fauna of this area has
characteristics of the Indo-Polynesian Province of the Indo-West Pacific Region. Nematodes rarely occurred in

the Okinawan shore fishes examined.
KEY WORDS:

Nematoda, Paracapillaria sesokoensis sp. n., Cucullanus okinawanus sp. n., Dichelyne (Neo-

cucullanellus) laticeps redescription, coral reefs, survey, fish, Okinawa, Japan, new hosts, new localities, habitat.

Few reports are available on the parasitic nem-
atode fauna of marine fishes of Okinawa (cf. Ya-
maguti, 1941). Because of the need for additional
information on the helminths of marine fishes
of this area, the junior authors examined various
fishes as listed by Dyer et al. (1988a, 1989) during
their stay as invited researchers at the Sesoko
Marine Science Center, University of the Ryu-
kyus, from 27 May 1985 through 20 March 1986.
This paper reports the nematodes collected from
these fishes with descriptions of new species and
new geographical and host records. Some other
groups of parasites from these examinations that
have been reported include: Digenea (Dyer et al.,
1988a, b), Monogenea (Dyer et al., 1989), bar-
nacles (Williams and Williams, 1986b), and nu-
dibranchs (Williams and Williams, 1986a).

Materials and Methods

Fishes were collected with spearguns (Williams and
Williams, 1986). They were either examined imme-
diately or held alive and examined within 24 hr of
capture. The alimentary system, coelomic cavity, gills,
swim bladder, urinary bladder, and skin of all fishes
were examined. Nematodes were fixed in AFA solu-
tion, prepared by the standard glycerin alcohol method,
and mounted with 50% glycerin aqueous solution. Fig-
ures were made with the aid of a drawing tube. Mea-
surements of holotypes and allotypes are followed by
ranges for paratypes in parentheses. All measurements
are in micrometers unless otherwise stated. Specimens
of all nematode species are deposited in the United
States National Museum Helminthological Collection
(USNM). The following material was also examined:
Spirocamallanus istiblenni Noble, 1966, syntypes (1
male and 1 female), USNM 72590 and 72591; Spi-
rocamallanus philippinensis Machida and Taki, 1985
(3 males and 3 females), National Science Museum,

Tokyo, NSMT As-1802; Dichelyne (Neocucullanellus)
laticeps Baylis, 1948, syntypes (2 males and 3 females),
British Museum (Natural History), Reg. No. 1950.12.6.
167-178.

Results

Nine species of nematodes were collected from
27 specimens of 24 species of fishes (Table 1).
Nematodes occurred in 9.3% of the specimens
and 12.9% of the species of fishes examined.

Paracapillaria sesokoensis sp. n.
(Figs. 1-7)

Trichinelloidea, Trichuridae, Capillariinae.

Body slender, threadlike, forming complex
tangles. Cuticle thin, with fine transverse stria-
tions. Anterior part extremely thin with pointed
apex. Muscular esophagus short followed by
stichocytes in single row. Stichocytes uniform in
color, each with transverse annuli and small nu-
cleus (Fig. 1). Esophago—intestinal junction with
2 glandular cells (Figs. 1, 6). Lateral bacillary
bands present (Figs. 4, 6).

MALES (holotype and | paratype): Length 17
(18) mm and maximum width 48 (48) at about
4 mm anterior to posterior extremity. Nerve ring
106 from anterior extremity. Muscular esopha-
gus 294 long. Esophago—intestinal junction 11.5
(10.7) mm from anterior extremity. Posterior ex-
tremity expanded laterally forming bursate struc-
ture; 1 pair of small papillae projecting ventrally
and | pair of stout papillae present at posterior
apex (Figs. 2—4). Spicule stout, short, bent ven-
trally, with lateral thickenings in distal half, with
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Figures 1-7. Paracapillaria sesokoensis sp. n. from Fistularia petimba. 1. Esophago—intestinal junction of
male (holotype), lateral view. 2. Posterior end of male (holotype), lateral view. 3. Posterior end of male (paratype),
lateral view. 4. Posterior end of male (paratype), ventral view. 5. Posterior end of female (paratype), lateral view.

6. Vulval part of female (paratype), lateral view. 7. Egg.

rounded tip, 95 (100) long (Figs. 2-4). Ejacula-
tory duct with fine striations, 1.75 (1.69) mm
long (Fig. 2).

FEMALE (1 paratype lacking anterior end):
Length over 31 mm and maximum width 65 at
about 10 mm anterior to posterior extremity.
Esophago—intestinal junction 21.3 mm from pos-
terior extremity. Vulva behind esophago—intes-

tinal junction (Fig. 6). Anterior lip of vulva pro-
truded, 2 cuticular elevations in front of vulva
and 1 posterior to vulva (Fig. 6). Vagina mus-
cular, directed posteriorly, 167 long (Fig. 6). Anus
subterminal, posterior extremity round (Fig. 5).
Eggs elliptical, with polar plugs, slightly con-
stricted at middle, surface with fine markings,
48-51 by 23-26 (at widest portion) (Fig. 7).

Copyright © 2011, The Helminthological Society of Washington
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Table 1. Nematode parasites from marine fishes of Okinawa, Japan.

881

Host
No. ex-
amined/ Collection Parasite
no. in-
Species Size of infected fected Locality* Date Number Location Other parasites
Paracapillaria sesokoensis
Fistularia petimba 37.0 cm SL 2/1 north reef 9 & 17 July 1985 8 intestine 10 immature cestodes
13 Allolepidapedon
Sfistulariaet
Spirocamallanus istiblenni

Amphiprion clarkii 10.5 cm SL 2/1 southeast 28 May 1985 1 intestine 4 Bucephalopsis ozakiit

Bothus pantherinus 13.2 cm SL 1/1 southeast 12 March 1986 59938 intestine 1 digenean

Parapercis cylindrica 7.7 cm SL 2/1 southeast 28 May 1985 1 intestine

6.7 cm SL 2/1 southeast 1 & 4 June 1985 1 intestine 10 Sterrhurus

magnacetabulumt

Parapercis polyphthalma 11.9 cm SL 1/1 southeast 4 June 1985 2 intestine

Plectorhynchus pictus 17.0 cm SL 1/1 north coast 12 July 1985 4 intestine 2 Pseudopecoelus
sesokoensist

Scolopsis bilineatus 15.0 cm SL 1/1 southeast 27 May 1985 19,28 intestine

Soleichthys heterorhinos 6.8 cm SL 1/1 southeast 12 October 1985 1 mid-intestine

Valencienna strigata 13.0 & 15.0cm SL 2/2 north reef 19 July 1985 3 intestine

Variola albimarginata 32.0 cm SL 2/1 south reef 24 July 1985 5 intestine 37 Prosorhynchus
platycephalit

Variola louti 20.5 cm SL 171 north coast 12 July 1985 1 intestine 20 P. platycephalit

Heliconema baylisi

Echidna delicatula 49.8 cm TL 1/1 north reef 9 July 1985 50+ stomach 15 Helicometrina

quadrorchist
Cucullanus okinawanus
Echidna delicatula 49.8 cm TL 1/1 north reef 9 July 1985 19,18 intestine 15 H. quadrorchist
Dichelyne laticeps
Arothron mappa 26.5 cm SL 1/1 southeast 22 October 1985 5 intestine
Philometra sp.
Epinephelus summana 27.9 cm SL 1/1 north reef 18 & 19 July 1985 1 under skin 4 copepods
170 southeast 27 June 1985
1/0 north coast 12 July 1985
Tylosurus crocodilus 63.0 cm SL 1/1 southeast 26 June 1985 I gular rays (encysted)
under skin
16:0em S 1 Qopyright® 825! The HellinieBidaR8ociety of Washinton a"algm ri’_’s§
under skin
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Table 1. Continued.

Host
No. ex-
ammpd/ Collection Parasite
no. in-
Species Size of infected fected Locality* Date Number Location Other parasites
Hysterothylacium sp.
Epinephelus hoedtii 27.2 ¢cm SL 171 west coast 11 September 1985 1 stomach 1 digenea
immature cestodes
Heniochus chrysostomus 12.5 cm SL 2/1 north reef 11 July 1985 1 intestine 7 Hysterolecitha sp.t
1/0 north reef 30 May 1985
Raphidascaris sp. A
Amblyglyphidodon leucogaster 11.0 cm SL 1/1 north reef 11 July 1985 1 intestine
Lutjanus fulviflamma 24.4 cm SL 171 west coast 11 September 1985 1 ceca 5 Hamacreadium
lethrinit
1/0 north coast 12 July 1985
Saurida gracilis 15.6 cm SL 1/1 southeast 3 June 1985 1 intestine 1 digenea
Synodus variegatus 20.9 cm SL 1/1 southeast 4 June 1985 1 intestine 2 Sterrhurus sp.T
immature cestodes
Raphidascaris sp. B
Gymnothorax flavimarginatus 78.0cm TL 1/1 north coast 4 July 1985 19,28 intestine 1 Aponurus
acropomatist
Unknown nematodes
Diplogrammus xenicus 4.0 cm SL 3/1 southeast 3,12 & 13 June 1985 1 intestine (immature worm, lost)
Bathygobius fuscus 4.9 cm SL 3/1 southeast 3 July 1985 l intestine (Spirocamallanus sp.?)

* Localities around Sesoko Island follow Williams and Williams (1986). Southeast = off Sesoko Marine Science Center; north coast = north coast of Sesoko Island; north reef = reefs north
of Sesoko Island; south reef = reef extending off south coast of Sesoko Island; west coast = west coast of Sesoko Island.

1 Dyer et al.,, 1988a.

f Dyer et al., 1988b.

§ Not removed from host. Fish preserved intact and deposited in USNM Ichthyological Collection by B. B. Collette.

Copyright © 2011, The Helminthological Society of Washington
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HosT:
lariidae).

SITE IN HOST: Intestine.

SPECIMENS DEPOSITED: Holotype, USNM
81813; paratypes, USNM 81814.

REMARKS. The new species belongs to the ge-
nus Paracapillaria Mendonga, 1963, because the
male lacks a spiny spicular sheath and lateral
caudal alae, but has a membranous bursa sup-
ported by 2 lateral rays (cf. Moravec, 1986, 1987).
Fourteen species have been recognized in the
genus and 6 of them are parasitic in fishes (Mo-
ravec, 1986, 1987, 1990). Paracapillaria seso-
koensis differs from all other members of the
genus by having a much shorter spicule of char-
acteristic shape (over 0.2 mm in length in other
species).

The specimen of F. petimba without nema-
todes and the 1 with P. sesokoensis were also
infected with 2 different digeneans, 15 Opecoelus
sphaericus, and 13 Allolepidapedon fistulariae,
respectively, also both were infected with im-
mature cestodes (3 and 10, respectively), all in
the intestine. The O. sphaericus occurred in the
posterior intestine, while P. sesokoensis and A.
fistulariae occurred throughout.

Fistularia petimba Lacépéde (Fistu-

Spirocamallanus istiblenni Noble, 1966

Camallanoidea, Camallanidae.

MALES (19 specimens): Length 7.6-15.4 mm
and maximum width 120-240. Buccal capsule
68-86 long and 52-87 wide. Nerve ring 190-260
and excretory. pore 370-590 from anterior ex-
tremity. Muscular esophagus 310-420 long and
glandular esophagus 380-590 long. Right spicule
220-290 long, left spicule 150-200 long. Tail
120-230 long.

FeMmALES (10 specimens): Length 9.4-25.7
mm and maximum width 150-420 in midbody.
Buccal capsule 75-96 long and 67-75 wide. Nerve
ring 240-310, excretory pore 400-660 and vulva
4.77-11.7 mm from anterior extremity. Mus-
cular esophagus 390-470 long and glandular
esophagus 400-680 long. Tail 150-190 long. Eggs
40-42 by 27-31.

Hosts: Amphiprion clarkii (Bennett) (Po-
macentridae), Bothus pantherinus (Ruppell)
(Bothidae), Parapercis cylindrica (Bloch) (Mu-
giloididae), Parapercis polyophthalma (Cuvier)
(Mugiloididae), Plectorhynchus pictus (Thun-
berg) (Pomadasyidae), Scolopsis bilineatus (Bloch)
(Nemipteridae), Soleichthys heterorhinos Bleek-
er (Soleidae), Valenciennea strigata (Broussonet)
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(Gobiidae), Variola albimarginata Baissac (Ser-
ranidae), Variola louti (Forsskal) (Serranidae).

SITE IN HOST: Intestine.

SPECIMENS DEPOSITED: USNM 81815-81824.

REMARKS: Although the present worms have
a somewhat longer esophagus, morphological
characteristics are otherwise identical to those in
the original description and of type specimens of
S. istiblenni from Istiblennius zebrae (Blennidae)
in Hawaii (Noble, 1966). The fishes listed above
are recorded for the first time as hosts of S. is-
tiblenni. Spirocamallanus istiblenni resembles
Spirocamallanus philippinensis Machida and
Taki, 1985, from Siganus guttatus (Siganidae) of
the Philippines in general morphology, but is dis-
tinguished in that the mature adults of the latter
species have much larger body (males 17.6-19.8
mm long and females 32.7-40.1 mm long;, Ma-
chida and Taki, 1985).

Spirocamallanus istiblenni seems to have little
host specificity, occurring in 8 families of fishes
in our study. It also seemed to be widespread in
habitat preferences, occurring in all localities
around Sesoko Island (Table 1). The food habits
of these hosts, which would presumably be im-
portant in transmission to the final host, varied
from large predators and minipredators, through
generalists and herbivores (Williams and Wil-
liams, 1986).

The 5 specimens of S. istiblenni in V. albi-
marginata occurred in the posterior intestine
while 22 specimens of Prosorhynchus platyceph-
ali (Digenea) (Dyer et al., 1988a) occupied the
mid-intestine and 17 in the anterior intestine.
This sort of habitat differentiation was not noted
in other digeneans associated with this nema-
tode. Two Sterrhurus sp. occurred in the stomach
ofasecond V. albimarginata (Dyer et al., 1988a).

Heliconema baylisi Ogden, 1969

Physalopteroidea, Physalopteridae, Proleptin-
ae.

MaLEs (10 specimens): Length 21-37 mm
and maximum width 300-530. Diameter of head
104-127. Buccal cavity 30-44 long. Nerve ring
260-330, excretory pore 450-600 and deirids
250-350 from anterior extremity. Muscular
esophagus 440-570 long and glandular esopha-
gus 2.42-3.62 mm long. Right spicule 350-410
long, left spicule 380-500 long, and spicule ratio
1:1.05-1.22. Tail 380-550 long.

FEMALES (8 specimens): Length 15-40 mm
and maximum width 280-620. Diameter of head

Copyright © 2011, The Helminthological Society of Washington




OF WASHINGTON, VOLUME 58, NUMBER 2, JULY 1991 -

99-147. Buccal cavity 31-50 long. Nerve ring
220-350, excretory pore 350-550 and deirids
240-400 from anterior extremity. Muscular
esophagus 370-570 long and glandular esopha-
gus 2.50-4.42 mm long. Vulva 9.2-21.5 mm from
anterior extremity. Tail 200-280 long. Eggs 40—
42 by 27-31.

Host: Echidna delicatula (Kaup) (Muraeni-
dae).

SITE IN HOST: Intestine and stomach.

SPECIMENS DEPOSITED: USNM 81825.

REMARKS: Heliconema baylisi was originally
described from Echidna nebulosa caught at Co-
cos Keeling Island, Indian Ocean (Ogden, 1969).
Fusco and Palmieri (1980) stated that the aver-
age spicule ratio of H. baylisi is 1:1.5. However,
this value may be incorrect because the spicule
ratio calculated from the original data by Ogden
(1969)1s 1:1.11-1.36. The present specimens are
morphologically identical with the original de-
scription of H. baylisi, but some worms are much
larger (cf. Ogden, 1969). Echidna delicatula rep-
resents a new host.

More than 50 H. baylisi were attached in the
anterior stomach of E. delicatula. Fifteen spec-
imens of Helicometrina quadrorchis (Dyer et al.,
1988a) occurred in the anterior intestine and 2
specimens of Cucullanus okinawanus were found
in the posterior intestine of the same host.

Cucullanus okinawanus sp. n.
(Figs. 8-15)

Seuratoidea, Chitwoodchabaudiidae, Cucul-
laninae.

Body stout with maximum width at midbody.
Cuticle thin, with fine transverse striations. Lat-
eral alae present. Pseudobuccal cavity relatively
developed; inner surface with numerous minute
tubercles; Y-shaped suture present; transverse
ventral plate small; reniform structures and dor-
sal arrow-shaped structures well developed (Figs.
8-10). Four submedian papillae and amphids
present (Figs. 9, 10), 6 inner labial papillae pres-
ent. Mouth dorsoventrally slitlike, bordered by
collarette bearing many teeth on inner surface
(Figs. 9, 10). Esophagus club-shaped; posterior
width larger than anterior width in lateral view
(Fig. 8). Nerve ring at anterior %3 of esophagus
(Fig. 8). Deirids prominent, at posterior Y3 of
esophagus (Fig. 8). Excretory pore near esopha-
go—intestinal junction (Fig. 8); excretory system
with relatively long terminal duct connecting
posteriorly small sinus from which 2 anteriorly
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directed and 2 posteriorly directed lateral canals
arise (Fig. 11). Intestinal cecum absent.

MALE (holotype): Length 7.6 mm and max-
imum width 220. Esophagus 750 long, anterior
width 140 and posterior width 180. Nerve ring
260, excretory pore 720 and deirids 590 from
anterior extremity. Ventral sucker without cu-
ticular rim present preanally (Fig. 12). Tail con-
ical, narrowed abruptly at a short distance be-
hind anus, 210 long (Fig. 12). Caudal alae absent.
Ten pairs of sessile papillae present in caudal
region: anterior 4 pairs well spaced; 1st pair an-
terior to sucker; 2nd pair posterior to sucker; 3rd
pair midway between sucker and anus; 4th to 6th
pairs grouped adanally; 7th and 8th pairs posi-
tioned laterally; 9th and 10th pairs near tail tip
(Fig. 12). Spicules subequal, stout, well chitin-
ized, widest at midportion, tapering to both ends,
and pointed distally; right spicule 390 long and
left spicule 400 long (Fig. 12). Gubernaculum
well chitinized, Y-shaped in ventral view, 127
long.

FEMALE (allotype): Length 9.9 mm, maxi-
mum width 300. Esophagus 890 long, anterior
width 150 and posterior width 210. Nerve ring
300, excretory pore 790 and deirids 580 from
anterior extremity. Vulva 5.95 mm from anterior
extremity. Amphidelphic; vagina directed ante-
riorly, then flexed posteriorly (Fig. 13). Tail con-
ical, abruptly narrowed behind anus, 234 long
(Fig. 14). Eggs elliptical, thin-shelled, containing
1- to 2-cell stage embryos at deposition, 65-71
by 3542 (Fig. 15).

HosT: Echidna delicatula (Kaup) (Muraeni-
dae).

SITE IN HOST: Intestine.

SPECIMENS DEPOSITED: Holotype and allo-
type, USNM 81826.

REMARKs: The new species belongs to the ge-
nus Cucullanus Mueller, 1777, in having a de-
veloped pseudobuccal cavity with Y-shaped su-
ture and dorsoventrally elongated mouth, and in
lacking intestinal cecum and alae in male tail (cf.
Chabaud, 1978). Petter (1974b) revised the fam-
ily Cucullanidae Cobbold, 1864, and recognized
68 species in the genus Cucullanus. Subsequent-
ly, 31 species have been added in the genus. From
Okinawan waters, Cucullanus himezi Yamaguti,
1941, has been described from Upeneu bensasi
(Mullidae) (Yamaguti, 1941).

Cucullanus antipodeus Baylis, 1932, C. bagre
Petter, 1974, C. caballeroi Petter, 1977, C. chry-
sophrydis Gendre, 1927, C. micropapillatus

Copyright © 2011, The Helminthological Society of Washington
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Figures 8-15. Cucullanus okinawanus sp. n. from Echidna delicatula. 8. Anterior part of female (allotype),
lateral view. 9. Anterior extremity of female (allotype), lateral view. 10. Anterior extremity of female (allotype),
ventral view. 11. Excretory system, lateral view. 12. Posterior end of male (holotype), lateral view. 13. Vulval
part of allotype, lateral view. 14. Posterior end of female (allotype). 15. Egg.

Tornquist, 1931, C. muraenesocis Yamaguti,
1961, C. murenophidis Campana-Rouget, 1957,
C. pseudeutrophi Agrawal, 1967, C. quadrii
Bligees and Fatima, 1980, and C. vachai Gupta
and Bakshi, 1983, resemble C. okinawanus by
having males with a preanal sucker and spicules
shorter than 0.5 mm. However, all except C.
murenophidis are readily distinguished from C.

okinawanus by having spicules with parallel sides,
lacking markedly expanded middle portion (cf.
Yamaguti, 1961; Petter, 1974a, 1977, Ivashkin
and Khromova, 1976; Bilgees and Fatima, 1980;
Gupta and Bakshi, 1983). Although the shape of
spicules of C. murenophidis has not been de-
scribed or figured, it differs from C. okinawanus
in having an excretory pore that is situated pos-

Copyright © 2011, The Helminthological Society of Washington
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terior to the esophago-intestinal junction, an
esophagus which is more inflated anteriorly than
posteriorly, and 2 pairs of large papillae on the
mid-ventral portion of the tail (Campana-Rou-
get, 1957).

Cucullanus okinawanus can also be distin-
guished from the Cucullanus species for which
males have not been described: C. callichroi
(Stewart, 1914) has a shorter but thicker body
(6.63-7.225 mm long by 0.39-0.43 mm wide)
and larger eggs (85 by 56); C. carangis (Mac-
Callum, 1921) has an esophagus, the anterior
portion of which is much wider than the poste-
rior; C. girellae Yamaguti, 1941, is a much larger
worm (19-20 mm long) with larger eggs (75-81
by 41-45); C. bilgeesi Petter, 1974, has 5 finger-
like projections in the pseudobuccal cavity (cf.
MacCallum, 1921; Yamaguti, 1941; Bilgees et
al., 1971; Ivashkin and Khromova, 1976).

Dichelyne (Neocucullanellus) laticeps
Baylis, 1948
(Figs. 16-29)

Seuratoidea, Chitwoodchabaudiidae, Cucul-
laninae.

Body relatively stout, widest at postesophageal
portion and tapering to both extremities. Cuticle
thick, with fine transverse striations; lateral alae
absent. Prominent somatic papillae with round-
ed tips (Fig. 20) and intracuticular papilla-like
structures (Fig. 21) scattered on body. Cephalic
extremity slightly inclined ventrally (Fig. 16).
Pseudobuccal cavity relatively developed; inner
surface with numerous minute tubercles;
Y-shaped suture present; transverse ventral plate
small; reniform structures and dorsal arrow-
shaped structures small (Figs. 17-19). Four sub-
median papillae and amphids present, 6 small
inner labial papillae present (Figs. 17-19). Mouth
dorsoventrally slitlike, bordered by collarette
bearing many minute teeth on inner surface (Fig.
17). Esophagus club-shaped, anterior width larg-
er than posterior width (Fig. 16). Intestinal ce-
cum present on dorsal side of esophagus (Fig.
16). One pair of well-developed cervical glands
present laterally extending to mid-esophagus (Fig.
16). Nerve ring immediately posterior to pseu-
dobuccal cavity (Fig. 16). Deirids sharply point-
ed, posterior to cervical glands (Figs. 16, 22).
Excretory pore anterior to posterior end of
esophagus (Fig. 16); excretory system with ex-
tremely short terminal duct attached to poste-
riorly directed sinus from which 2 anteriorly di-
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rected and 2 posteriorly directed lateral canals
arise (Figs. 23, 24).

MALE (1 specimen): Length 11.7 mm and
maximum width 380. Esophagus 880 long, an-
terior width 210 and posterior width 120. Intes-
tinal cecum 630 long. Nerve ring 330, excretory
pore 980, deirids 860 from anterior extremity.
Oblique muscular bands present anterior to anus.
Tail conical, with pointed tip, 170 long (Figs. 25,
26). Eleven irregular pairs of caudal papillae
present: 8 pairs preanal and 3 pairs postanal; 1st
to 6th pairs well spaced; 6th, 8th and 9th pairs
set closely; 7th pair situated laterally; 10th and
11th pairs near posterior end (Figs. 25, 26). In
addition, 1 pair of small papillae and 1 unpaired
median papilla present on anterior anal lip (Fig.
26). Phasmids at middle of tail (Fig. 26). Spicules
weakly chitinized, simple, slender, tapering dis-
tally; each distal end forming a small hook (Fig.
25). Right spicule 1.59 mm long, left spicule 1.52
mm long. Gubernaculum rodlike in lateral view,
82 long (Fig. 25).

FEMALES (4 specimens): Length 9.8—-16.8 mm
and maximum width 360-670. Esophagus 1.00—
1.30 mm long, anterior width 190-260 and pos-
terior width 120-170. Intestinal cecum 660—880
long. Nerve ring 310-370, excretory pore 0.87—
1.03 mm, deirids 780-960 from anterior extrem-
ity. Vulva 5.28-8.93 mm from anterior extrem-
ity (Fig. 27). Amphidelphic, vagina muscular,
370-760 long, directed anteriorly and joining to
uteri (Fig. 27). Tail conical, with prominent
phasmids at middle, tip hornlike, 200-250 long
(Fig. 28). Eggs elliptical, thin-shelled, containing
1- to 2-cell stage embryo at deposition, 55-60
by 4045 (Fig. 29).

Host: Arothron mappa (Lesson) (Tetraodon-
tidae).

SITE IN HOST: Intestine.

SPECIMENS DEPOSITED: USNM 81827,

REMARKS: Dichelyne (N.) laticeps is the only
representative of the subgenus Neocucullanellus
parasitic in Tetraodontiformes (Petter, 1974b).
This species was first described from Arothron
hispidus (syn. Tetraodon hispidum) from Cleve-
land Bay, North Queensland, Australia (Baylis,
1948). This species was in need of redescription
because the original type materials were shrunk-
en and distorted by being mounted in Canada
balsam (Baylis, 1948). The present specimens are
somewhat larger and have longer spicules but
otherwise agree with the type specimens and the
original description. The spicules are about | mm
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Figures 16-24. Dichelyne (Neocucullanellus) laticeps Baylis, 1948, from Arothron mappa. 16. Anterior part
of female, lateral view. 17. Anterior extremity of female, apical view. 18. Anterior extremity of female, lateral
view. 19. Anterior extremity of female, ventral view. 20. Somatic papilla. 21. Intracuticular papilla-like structure.
22. Deirid. 23. Excretory system, ventral view. 24. Excretory system, lateral view.

in the original description (Baylis, 1948). In the
type specimens, the spicules have numerous
wrinkles, which may have resulted from distor-
tion of these weakly chitinized structures.

From Okinawan waters Dichelyne (Neocucul-
lanellus) apharesi Yamaguti, 1941, has been de-
scribed from Aphareus furcatus (Lutjanidae) (Ya-
maguti, 1941). Dichelyne (N.) laticeps is readily
distinguished from D. (N.) apharesi by the dorsal
position of the intestinal cecum (ventral side in
D. (N.) apharesi) and larger body (males 3.5-4.9

mm long and females 4.0-6.43 mm long in D.
(N.) apharesi) (Yamaguti, 1941).

Philometra sp. (mature female)

Dracunculoidea, Philometridae.

Hosts: Epinephelus summana (Forsskal)
(Serranidae), Tylosurus crocodilus (Lesueur) (Be-
lonidae).

SITE IN HOST: Under skin.

SPECIMENS DEPOSITED: USNM 81828, 81829.

REMARKS: This red-colored nematode can be
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Figures 25-29. Dichelyne (Neocucullanellus) laticeps Baylis, 1948 from Arothron mappa. 25. Posterior part
of male, lateral view. 26. Posterior extremity of male, ventral view. 27. Vulval part of female, lateral view. 28.

Posterior end of female, lateral view. 29. Egg.

observed easily through the skin of the host in
the gular areas or fin rays (Table 1).

Hysterothylacium sp.
(larva or immature adult)

Ascaridoidea: Anisakidae.

Hosts: Epinephelus hoedtii (Bleeker) (Ser-
ranidae). Heniochus chrysostomus Cuvier (Chae-
todontidae).

SITE IN HOST: Intestine and stomach.

SPECIMENS DEPOSITED: USNM 81830, 81831.

Raphidascaris sp. A (adult)

Ascaridoidea: Anisakidae.

Hosts: Amblyglyphidodon leucogaster
(Bleeker) (Pomacentridae), Lutjanus fulviflam-
ma (Forsskal) (Lutjanidae), Saurida gracilis
(Quoy and Gaimard) (Synodontidae), Synodus
variegatus (Lacépeéde) (Synodontidae).

SITE IN HOST: Intestine and ceca.

SPECIMENS DEPOSITED: USNM 81832-81835.

Raphidascaris sp. B (larva)

Ascaridoidea: Anisakidae.

Host: Gymnothorax flavimarginatus (Rup-
pell) (Muraenidae).

SITE IN HOST: Intestine.

SPECIMENS DEPOSITED: USNM 81836.

Discussion

Okinawa is located in the middle of the Ryu-
kyu Archipelago which lies between Taiwan and
the mainland of Japan. Marine zoogeographi-
cally, Okinawa belongs to the Indo-Polynesian
Province of Indo-West Pacific Region, and most
marine fishes of Okinawa are shared with the
subtropical and tropical West Pacific and Indian
oceans (cf. Briggs, 1974). It is thus natural that
some of the nematode parasites recorded in this
study, namely S. istiblenni, H. baylisi, and D.
(N.) laticeps, are shared with Okinawan and
Tropical Pacific or Indian Ocean fishes. A similar
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pattern was noted in the trematode fauna of Oki-
nawa (Dyer et al., 1988a, 1989): among 12 spe-
cies of monogeneans recorded 5 had been de-
scribed from Sulawesi waters, and among 34
digenean species collected, 7 had been reported
from Sulawesi, Philippines, and Tropical Pacific
waters (cf. Yamaguti, 1963, 1970).

The nematodes in subtropical Okinawan shore
fishes seemed to occur rather rarely compared to
those the junior authors have examined in sim-
ilar fishes in the temperate northern Gulf of Mex-
ico (Williams, 1983) and tropical Puerto Rico
and other Caribbean locations (Bashirullah and
Williams, 1980; Williams, 1983; Dyer et al.,
1985). Similar results were obtained by Myers
and Kuntz (1967) in Taiwan waters, which are
south of Okinawa. They examined many marine
fishes including shore fishes, but most nematodes
collected were larval or immature forms, and few
species of mature nematodes, i.e., Procamallan-
us sigani Yamaguti, 1935, Rhabdochona sp., and
Spinitectus sp., occurred. The marine shore fishes
of the Ryukyu Archipelago-Taiwan areas seem
to have a depauperate nematode fauna.
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Abomasal Nematodes from White-tailed Deer (Odocoileus virginianus)
in Maine! '

LiHUuA X1A0 AND HAROLD C. GIBBS
Department of Animal, Veterinary and Aquatic Sciences, University of Maine, Orono, Maine 04469

ABSTRACT: Abomasa of 35 Maine white-tailed deer, collected from January to August during 1988, 1989, and
1990, were examined for nematode parasites. Six species of nematodes, Mazamastrongylus odocoilei, Ostertagia
mossi, Ostertagia dikmansi, Ostertagia ostertagi, Trichostrongylus askivali, and Trichostrongylus axei, were
recovered with prevalences of 100%, 94%, 29%, 2%, 14%, and 3%, respectively. Mean intensities of infection
with adult worms were not high (max. 779) and highest levels were seen during the period April-July. Numerous,
seasonally inhibited ostertagine larvae were also found. Prior to February, inhibition rates were very high (around
80%), but subsequently began to decrease. By May they were low (17%) and negligible in July and August,
indicating a gradual resumption of development of inhibited larvae during the spring months.

KEY WORDS: nematodes, Ostertagiinae, Odocoileus virginianus, inhibited development, prevalence, Maine,
Mazamastrongylus odocoilei, Ostertagia mossi, Ostertagia dikmansi, Ostertagia ostertagi, Trichostrongylus as-

kivali, Trichostrongylus axei.

Species of the subfamily Ostertagiinae have
been found to be widely distributed in white-
tailed deer (Odocoileus virginianus (Zimmer-
man, 1780)) in the eastern parts of North Amer-
ica, from southern Florida (27°N lat.) to Barrie,
Ontario (44°N lat.) (Becklund and Walker, 1968;
Walker and Becklund, 1970; Prestwood et al.,
1973; Baker and Anderson, 1975; Prestwood and
Pursglove, 1981). Since ostertagiasis in domestic
animals can present a serious problem, investi-
gation of its occurrence in deer could be impor-
tant to game management. Information on the
distribution of ostertagine nematodes in white-
tailed deer has begun to accumulate and some
research (Baker and Anderson, 1975) has been
done on the significance of inhibited develop-
ment to their seasonal prevalence. The present
research was aimed at studying the prevalence
of Ostertagiinae species and their inhibited de-
velopment in Maine in white-tailed deer.

Materials and Methods

Animals

Thirty-five abomasa from road-killed, adult white-
tailed deer were collected over the months of January
10 August during 1988, 1989, and 1990 and were kept
frozen until examined (usually within 2 wk). The an-
imals were from 20 townships in central Maine.

Worm recovery

Worm recovery followed a modification of the meth-
od of Powers et al. (1982). After the abomasum was

! Published as Maine Agricultural Experiment Sta-
tion Publication No. 1530.

opened, its content was screened through 60- and 200-
mesh sieves. All the screened material was collected
and made up to a volume of 4,000 ml. A 10% sample
was taken from each screening. Five percent formalin
to a final concentration was added to preserve the sam-
ple for later worm counting. The abomasal mucosa was
scraped and the scraping was digested in a jar for 4 hr
at 40°C. For 100 g of mucosa, a digestion mixture of
5 g pepsin, 15 ml hydrochloric acid, and 500 ml water
was used. After screening through a 200-mesh screen,
10% of the digesta was formalized for later worm
counting.

Worm counting and identification

All counting was performed using a dissecting stereo-
scope. Parasites were then collected and preserved in
70% ethanol. Adult worms were identified using a com-
pound microscope with the key of Becklund and Walk-
er (1968) and species descriptions by Davidson and
Prestwood (1979), Rickard and Zimmerman (1986),
and Dunn (1965). Inhibited larvae were identified by
the descriptions of Baker and Anderson (1975). Rep-
resentative specimens have been deposited in the Unit-
ed States National Museum Helminthological Collec-
tions, Beltsville, Maryland and assigned accession
numbers 81805 through 81808.

Results

Mean monthly worm counts for the 35 deer
are shown in Table 1. Six species of worms were
found, 4 of them belonging to the subfamily Os-
tertagiinae. All of the deer had worms in their
abomasa, although the total worm counts were
generally not very high (maximum 2,419). High-
est numbers of worms were found during the
winter and spring months (January—April). Of
the deer, 97% were infected by more than 1 spe-
cies, 40% were infected by 3 species, and 3% by
4 species of parasites. The 6 species and their

198

Copyright © 2011, The Helminthological Society of Washington




199

prevalences were: Mazamastrongylus odocoilei
(Dikmans, 1931) (100%), Ostertagia mossi (Dik-
mans, 1931) (94%), O. dikmansi (Becklund and
Walker, 1968) (29%), O. ostertagi (Stiles, 1892)
(3%), Trichostrongylus askivali (Dunn, 1964)
(14%), and T. axei (Cobbold, 1879) (3%). The
most prevalent and dominant species were M.
odocoilei and O. mossi.

Seasonal inhibition of the ostertagine worms
was also observed. For most deer, during the
winter months (January-March), numbers of in-
hibited larvae were higher than those of adults.
As shown in Table 1, before February the inhi-
bition rates were high (around 80%). After this,
the inhibition rates began to decrease and by May
the inhibition rate was low (17%) and negligible
during July and August. As the proportion of
inhibited larvae decreased, numbers of adult and
developing ostertagines increased. Highest num-
bers of adult worms were seen during the period
of April-June.

1,146
2,419
770

1,913
1,002
884
709
340

Trichostrongylus
Total
T. axei worms

0

0

0

0

0

38

0

0

T. askivali
0
5
4
1
3
8
0
0

(%)
80.8
7

0.0
0.0

Inhibition
67.3
46.9
17.2
10.1

EL4t
919
1,811
545
960
153
68

Discussion

LL4*

43
1

199
70
47
33
35

The most prevalent of the 6 species of nem-
atodes found in Maine white-tailed deer were M.
odocoilei, O. mossi, and O. dikmansi. Ostertagia
ostertagi and T. axei are mainly parasites of cattle
and each was found in only 1 deer; therefore,
they represent accidental parasites of the deer.
Their presence in white-tailed deer has previ-
ously been reported (Walker and Becklund, 1970;
Prestwood et al., 1973). Ostertagia ostertagi has
been reported as causing clinical disease in 1
white-tailed deer (Conti and Howerth, 1987).
Trichostrongylus askivali was originally reported
as a parasite of red deer in Scotland (Dunn, 1965).
Its presence in white-tailed deer was reported by
Prestwood et al. (1973) in the southeastern Unit-
ed States, but it has not been reported in northern
parts of North America before. Its distribution
may thus be wider than previously considered.
Another common species in the southeast, Ma-
zamastrongylus pursglovei (syn. Apteragia purs-
glovei) (Davidson and Prestwood, 1979), was not
found in Maine.

The northernmost point where species in the
subfamily Ostertagiinae have previously been re-
ported in white-tailed deer was Barrie, Ontario
(44°N lat.) (Baker and Anderson, 1975). The
present report thus confirms that members of the
Ostertagiinae are present in colder areas; in this
instance the northernmost location was Green-
ville, Maine (45.5°N lat.). Ostertagines in white-

Adults
279
560
210
753
776
723
676
305

Ostertagiinae

0.
ostertagi
0
0
0
14
0
0
0
0

(0]
dikmansi
0
0
12
62
13
20
0
0

52
79
84
16

0.
mossi
93
41
268
121

M.
odocoilei
175
467
157
409
642
624
592
289

Mean monthly worm recovery from deer abomasa.
No. of
deer
3
4
7
8
3
5
3
2

Month
March
April
May
June
July
Aug

Jan

Feb.
* Late fourth-stage larvae
t Early fourth-stage larvae.

Table 1.
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tailed deer appear to be, therefore, widely dis-
tributed in North America. Unlike reports from
other regions, O. mossi was much more common
in Maine, with a prevalence of 94%. In the South-
east, Prestwood et al. (1973) reported a preva-
lence of 20%, while in Ontario, Canada, Baker
and Anderson (1975) reported a prevalence of
66%. Interestingly, O. dikmansi was found only
between March and June, together with O. mossi,
in Maine.

Baker and Anderson (1975) reported that there
was a seasonal prevalence of inhibited larvae of
ostertagine species in white-tailed deer in Long
Point, Ontario. They recovered numerous inhib-
ited, early fourth-stage larvae during winter and
early spring, and a few in July and August. The
present research is in agreement and showed that
inhibited development of Ostertagine nematodes
also occurs in Maine white-tailed deer. Inhibi-
tion rates were very high before February, then
decreased gradually. Resumption of develop-
ment of inhibited larvae in bovine ostertagiasis
in different geographical locations is either spon-
taneous and synchronous or unspontaneous and
unsynchronous (Armour and Ogbourne, 1982).
This may be the case in deer ostertagiasis. At
Long Point, Ontario, Baker and Anderson (1975)
found that except in May, most worms recovered
from deer were either early fourth-stage larvae
or fully developed adults, a sign of synchronous
resumption of development. However, since de-
veloping larvae were found frequently in Maine
deer throughout the spring, this implied a gradual
or unsynchronous resumption of inhibited larval
development in the worms in this region. In
Maine cattle, it was found that inhibited larvae
of O. ostertagi resume their development grad-
ually (Gibbs, 1988).

The highest inhibition rate we observed (81%)
was higher than that (65%) obtained by Baker
and Anderson (1975). Inhibited development
may thus be a widespread event in deer oster-
tagine nematodes. The studies in Ontario and
Maine are in agreement with the results obtained
from bovine ostertagiasis of north temperate
regions of North America (Gibbs, 1988), with
occurrence of inhibited development in winter.
In south temperate regions, studies of seasonal
prevalence of ostertagine worms in adult deer
showed high adult worm burdens in summer and
fall (Eve and Kellogg, 1977), suggesting that the
situation in deer from these areas is similar to
that in bovine ostertagiasis (Williams and Knox,

+ JOURNAL OF THE HELMINTHOLOGICAL SOCIETY

1988) from that region, with the probable oc-
currence of inhibited development in summer.
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Student Presentation Competition Results

The Second Student Presentation Competition, sponsored by The Helminthological Society of
Washington, was held at the 618th Meeting of the Society at the Walter Reed Army Institute of
Research on 13 March 1991.

John Hawdon, a graduate student in the Department of Parasitology, School of Veterinary Med-
icine, University of Pennsylvania, captured the First Place award for his paper, “Reduced glutathione
induces feeding by Ancylostoma caninum infective larvae.” Mr. Hawdon received $300 from the
Society and a 1-yr subscription to the Journal of Parasitology from the American Society of Para-
sitologists. If his paper is accepted for publication in the Journal of the Helminthological Society of
Washington, page charges will be waived.

James Higgins, a graduate student in the Department of Immunology, School of Hygiene and
Public Health, Johns Hopkins University, received the Second Place award of $200 for his presen-
tation, “Development of Brugia malayi in resistent strains of Aedes aegypti.”

Victor Apanius, a graduate student in the Department of Biology, University of Pennsylvania,
captured the Third Place award of $100 for his presentation, “Chronic blood parasitism, immunity
and reproduction in wild birds.”

Nancy Briscoe, an undergraduate student in the Department of Biological Sciences, Marshall
University in West Virginia, presented an interesting study on “Population dynamics of Orchopeas
leucopus (Siphonaptera: Ceratophyllidae) and Epitedia wenmanni (Siphonaptera: Hystrichopsylli-
dae) from the white-footed mouse, Peromyscus leucopus, in Mason Co., West Virginia.”

Robert Maxe, a graduate student in the Department of Parasitology, School of Veterinary Med-
icine, University of Pennsylvania, gave his presentation on ‘“The application of the factorial ex-
perimental design in the investigation of the impact the nematode Parelaphostrongylus tenuis has
on the fecundity of the intermediate host Triodopsis albolabris.”
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Ultrastructure of the Intestinal Epithelium, Lumen, and Associated Bacteria

in Heterorhabditis bacteriophora'

BURTON Y. ENDO? AND WILLIAM R. NICKLE?

Nematology Laboratory, Plant Sciences Institute, Agricultural Research Service, USDA,

Beltsville, Maryland 20705

ABSTRACT: Heterorhabditis bacteriophora is an obligate parasite of insects that contains the bacterial symbiont,
Xenorhabdus luminescens, in its intestinal lumen. Ultrastructural observations were made of the intestinal
epithelium, lumen, and associated bacteria. The oligocytous intestine of the infective juvenile of H. bacteriophora
has junctional complexes that delineate the boundaries of cells forming the intestinal lumen. Fine structure of
the intestinal cells includes microvilli on the apical membranes bordered by a dense matrix of vesicular endo-
plasmic reticulum and accumulations of variably stained electron-dense granules within each cell. Rod-shaped
bacterial cells occur singly or en masse in the lumen of the intestine. Some bacteria appear to undergo autolysis

or show interaction with the lumen contents.
KEY WORDS:

Current interest in developing alternatives to
the use of chemicals for control of agricultural
pests focuses attention on nematode species that
can be used for biological control (Gaugler, 1987;
Ghally, 1987; Gaugler et al., 1989; Kondo and
Ishibashi, 1989; Figueroa and Roman, 1990;
Glazer and Wysoki, 1990; Nickle and Cantelo,
1991). Among such species are nematodes, har-
boring bacteria within their intestinal lumen, that
serve as vectors of potential toxicants to insects
after host tissue penetration (Dutky and Hough,
1955; Dutky, 1959; Poinar, 1979). Bacteria have
been observed in the lumen of the pharynges and
intestines of nematodes, and in a certain species,
in the epithelial cells forming the lumen (Poinar,
1966; Poinar and Leutenegger, 1968; Poinar et
al., 1977). Microvilli, which are a consistent fea-
ture of intestinal epithelia of these nematodes,
occur on the apical membrane of intestinal cells.
Among the animal parasitic nematodes, the brush
border of the infective larvae of Trichinella spira-
lis was shown to consist of microvilli (Bruce,
1966). Similarly, an ultrastructural study of the
intestine of Capillaria hepatica showed micro-
villi occurring on the epithelial surfaces (Wright,
1963). Microvilli have been found and described
in a wide range of nematode species that include
animal, insect, and plant—parasitic species

! Mention of a trade name, warranty, proprietary
product, or vendor does not constitute a guarantee of
a product and does not imply its approval to the ex-
clusion of other products or vendors that may also be
suitable.

2 Research Plant Pathologist.

* Research Zoologist.

ultrastructure, Heterorhabditis bacteriophora, Nematoda.

(Wright, 1963; Sheffield, 1964; Shepherd and
Clark, 1976; Munn and Greenwood, 1984; Endo,
1988).

With a goal to establish criteria for evaluating
the effectiveness of nematodes as biocontrol
agents of insects such as the wax moth, Galleria
mellonella (L.), observations were made on the
fine structure of the intestinal epithelia of Het-
erorhabditis bacteriophora Poinar (1975). Em-
phasis was on: (1) cell morphology and its com-
ponents, (2) surface membrane modifications
related to microvilli formation, and (3) distri-
bution of associated bacteria, Xenorhabdus lu-
minescens Thomas and Poinar, 1979, in the in-
testinal lumen.

Materials and Methods

Dauer larvae of Heterorhabditis bacteriophora from
a culture maintained by Biosys, Inc. in an alginate gel
were released in water. The infective juveniles (J3) were
then concentrated and suspended in water agar prior
to fixation and embedded according to previously pub-
lished procedures (Endo and Wergin, 1973; Endo, 1984,
1987). Briefly, nematodes in a suspension of water were
mixed with warm liquefied 2% water—agar and the mix-
ture was poured into small grooves in agar-filled petri
dishes. The solidified agar, containing the nematodes,
was diced into 2-3-mm blocks that were transferred
to glass vials containing 3% glutaraldehyde in 0.05 M
phosphate buffer (pH 6.8) at 22°C for chemical fixation
of the larvae. Subsequent rinsing and postfixation in
osmium tetroxide were also carried out in 0.05 M phos-
phate buffer (pH 6.8). The glutaraldehyde fixation (for
1.5 hr) was followed by washing in 6 changes of buffer
over a period of 1 hr. The agar blocks were then post-
fixed in 2% osmium tetroxide for 2 hr at 22°C, dehy-
drated in an acetone series and infiltrated with a low
viscosity embedding medium (Spurr, 1969). Silver-gray
sections of selected nematodes were cut with a dia-
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Figures 1,2. Tangential and mid-longitudinal sections through base of esophagus and intestine of a J3 juvenile
of Heterorhabditis bacteriophora. 1. Longitudinal-tangential section shows basal boundary of the esophageal
bulb (EB) and adjacent 3-tiered cells of the esophago—intestinal valve (EIV). The body cavity (BC) occurs between
convoluted basal epithelial membranes (BME) and hypodermis (H). Tangential section through intestine shows
base of microvilli (Mv), dense cytoplasmic matrix (DCM), and membrane junctions (MJ). x11,700. 2. Mid-
longitudinal section of mid-region of intestine shows alternate cell arrangements of intestinal epithelium as
delineated by nuclei (N), membrane junctions (arrows), and cell membrane appositions (double arrows). The
intestinal lumen lined with microvilli (Mv) and containing bacteria (Ba). EDG, electron-dense granules; IL,
intestinal lumen; Nu, nucleolus. x7,190.
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mond knife and mounted on uncoated 75 x 300-mesh
copper grids. The sections were stained with uranyl
acetate and lead citrate and viewed in a Philips 400
electron microscope that was operated at 60 kV with
a 20-um aperture.

Results

Immediately anterior to the intestinal epithe-
lium of Heterorhabditis bacteriophora is a tier of
cells that forms the esophago—intestinal valve
(Fig. 1). These cells are linked to adjacent intes-
tinal cells by clearly defined membrane junctions
(Figs. 1, 4). Beyond the membrane junctions,
membranes of adjacent cells are in close appo-
sition and follow convoluted pathways to the
surface of the epithelium (Fig. 2). Intercellular
spaces near the basal surface of the epithelium
merge with the body cavity (Figs. 1, 2) which is
extensive in the region of the anterior intestinal
epithelium and hypodermis. The apical-lateral
borders of the epithelium are defined by mem-
brane junctions (Figs. 2, 5, 11). Longitudinal or
cross sections of a nematode showed that the
cylindrical central lumen of the intestine was lined
and supported by a series of paired cells (Figs.
2, 5). These same junctions at the terminus of
the apical-lateral positions of paired epithelial
cells appeared as elongated membrane junctions
when the cells were sectioned tangentially (Fig.
1). Mid-longitudinal sections of the same or sim-
ilar cells showed a staggered arrangement of ep-
ithelial cells that were well defined by the alter-
nate positions of membrane junctions (Figs. 2,
6). The basal portion of the epithelial cells were
joined by a labyrinth of interfolded membranes.
As the basal-lateral membranes separated, the
widened spaces merged with the body cavity (Fig.
9).

Apical membranes of intestinal epithelia have
irregular arrangements of microvilli as they evag-
inate from the anterior surface membranes of the
epithelial cells. The microvilli of the anterior to
mid-intestinal region were blunt or elongate as
the lumen was distended (Figs. 2, 3, 7, 9). In the
nondistended sector of the anterior (Fig. 3) and
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posterior regions of the intestinal epithelium, the
microvilli are elongate (Figs. 14, 15). Each mi-
crovillus has a few irregularly spaced filaments
that extend from its apex to the base. An enteric
fibrous coating (EFC) occurs on the surface of
microvilli (Fig. 10) and the inter-microvillar sur-
faces of the apical membranes of the intestinal
epithelium (Fig. 9). This coating occurs along the
entire length of the intestine, but is variable in
density. Integration of microvilli with cellular
contents occurs by contact of microvillar fila-
ments with the cellular matrix (Figs. 7, 9, 10).
The dense cytoplasmic matrix (DCM) (Figs. 7,
9) of smooth and rough vesicular endoplasmic
reticulum occurs adjacent to the intestinal lu-
men. Each of the intestinal cells appears to have
a central prominent nucleus with various con-
centrations of cytoplasmic inclusions including
glycogen, lipid droplets, and granules (Fig. 2).
Certain epithelial cells have moderate to dense
accumulations of granules with characteristic
morphology (Figs. 2, 4, 9, 12). The electron den-
sity of these granules varies from uniformly dense
to alternating levels of light to dark bands that
appear as concentric rings in cross sections (Fig.
12). The intestinal lumen is terminated with a
closed cuticularly lined rectum (Fig. 16).

The lumen of the intestine contained popu-
lations of bacteria that occurred singly or in large
masses within the lumen of the intestine (Figs.
2, 68, 13). The rod-shaped bacterial cells were
often enclosed or surrounded by membrane-like
images (Fig. 13). In certain regions, the lumen
appeared clear and the once uniform granular
matrix was absent or replaced with spherical to
elongate particles (Figs. 6, 13).

Discussion

The anterior limits of the intestine are delin-
eated by the presence of microvilli in the apical
membrane of the intestinal epithelium. Closely
allied anteriad and adjacent to the intestine was
a 3-tiered group of cells. This 3-tiered organ func-
tions as an esophago-intestinal valve because its

—

Figures 3-5. Longitudinal-tangential section through esophago-intestinal region and cross section of mid-
intestine of Heterorhabditis bacteriophora. 3. Longitudinal section showing an esophago—intestinal valve (EIV)
in partially closed position with transition to intestinal lumen (EIL) lined by elongated microvilli (Mv) of intestinal
epithelium (IEp). x14,840. 4. Midsection of esophago—intestinal valve (EIV) formed by 3 tiers of cells defined
by membrane junctions (arrows) near cuticular wall of lumen. Noncuticularized lumen wall and cell junction
delineate beginning of intestinal epithelium with microvilli on apical surface of cells (E1J). EDG, electron-dense
granule; EIL, esophago—intestinal lumen. x12,460. 5. Cross section of mid-intestine showing paired arrangement
of epithelial cells (EpC, and EpC,). IL, intestinal lumen; MJ, membrane junction; Mv, microvilli. x10,350.
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Figures 6-8. Longitudinal sections of mid-region of intestine of infective third stage of Heterorhabditis bac-
teriophora. 6. Broad region of intestinal lumen partially occupied by rod-shaped bacteria (Ba) and associated
laminar membranes (LM). Spherical (SP) and linear particles (LP) occur within clear regions of the lumen.
Microvillar (Mv) surfaces are irregular and sparse with portions of the apical membranes devoid of surface
evaginations. H, hypodermis; IEp, intestinal epithelium; IL, intestinal lumen. x10,680. 7. Anteriad region of
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Figures 9-11. Longitudinal mid- to tangential sections of intestine of Heterorhabditis bacteriophora. 9. A
portion of epithelial cell (IEp) with electron-dense granules (EDG) with apical membrane surfaces lined with
endoplasmic reticulum (ER) and electron-dense particles (EDP). Microvilli contain longitudinally oriented fil-
aments (MvF). Adjacent epithelial cells are joined near lumen with membrane junctions (MJ). Paired membrane
(PM) closely apposed laterally and convoluted (CM) especially near the basal membrane (BM). DCM, dense
cytoplasmic matrix; EFC, enteric fibrous coat. x27,150. 10. Enlargement of portion of microvilli showing irregular
arrangements of filaments (MvF) and trilaminar membranes of microvilli. EFC, enteric fibrous coat. x107,360.
11. Enlargement of membrane junction (MJ) of Figure 9. Note zone of cell membrane apposition in which an
intercellular space is evident, uniform in width, and filled with electron-dense material. x70,960.

‘_

intestine of Figure 6 shows a narrowing of the lumen, bordered by vesicular endoplasmic reticulum as part of
dense cytoplasmic matrix (DCM), high number of microvilli (Mv), and apical cell membranes. Ba, bacterial
cells; IL, intestinal lumen. x24,000. 8. Section through intestinal lumen showing a bacterium (Ba) with a distinct
cell wall membrane. BaM, bacterial membrane; LM, lamellar membrane. x18,240.
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cuticular lumen is continuous with the broad in-
testinal lumen.

Longitudinal sections through the intestine of
H. bacteriophora show the moderate number of
nucleated cells that comprise the intestinal epi-
thelium. This species follows the oligocytous ar-
rangement of intestinal epithelial cells consisting
of fewer than 128 cells per organ (Chitwood and
Chitwood, 1950; Bird, 1971). In contrast, Ascaris
suum has a myriocytous arrangement that ex-
ceeds 8,000 cells per specimen. Although the
numbers of cells comprising intestinal epithelia
vary widely among nematodes, the presence of
microvilli and the terminal web are common
features. The inner core of the microvilli of A4.
suum has elongated fibers that extend for short
distances into the epithelial cell and terminate
in a subbacillary layer. This layer, with adjacent
fibrous network and small granules, forms the
terminal web (Sheflield, 1964). The filaments in
the central core of the microvilli in H. bacteri-
ophora were similar but less numerous than those
described for A. suum. The dense cellular matrix
at the bases of microvilli appear not to be a ter-
minal web in the form discussed by Munn and
Greenwood (1984) but may be a region of intes-
tinal cell secretion and absorption related to the
digestive functions of the nematode. The mem-
brane junctions of adjacent intestinal epithelial
cells near the lumen appeared to form a contin-
uous belt-like junction with a mechanism to re-
tain intestinal cell and lumen continuity. Similar
cell junctions occur between epithelial cells of
higher animals (Fawcett, 1966).

The enteric coating on the microvilli and in-
termicrovillar surface of the apical membranes
of the intestinal epithelium is similar to the coat-
ing that occurs on the apical membranes of in-
testines of Aphelenchoides blastophthorus (Shep-
herd et al., 1980) and of Heterodera glycines
(Endo, 1988) but lack the highly sculptured ap-
pearance of the latter species. Additional re-
search is needed to determine the nature of the
enteric material and its possible role in food up-
take and digestion among plant and insect-par-
asitic species.

- JOURNAL OF THE HELMINTHOLOGICAL SOCIETY

The granules with concentric rings of electron
density present in the intestinal epithelial cells
of H. bacteriophora were quite distinct from lig-
uid droplets. The granules also occurred in in-
sects and appeared like glycolipids or lipopro-
teins that had been partially degraded and gave
a differential stain reaction. However, cytochem-
ical analyses will be necessary to elucidate the
true nature of these particles. In terms of the fine
structure, abundance, and general presence of
granules in the intestinal epithelia, the granules
may be similar to the particles described in rhab-
ditoids using the light microscope. They may
constitute the birefringent-sphearocrystals that
were observed in rhabditoid species (Cobb, 1914,
Jacobs and Chitwood, 1937). The sphearocrys-
tals of the intestines were reported as gray in
color, bright spots in dark field illumination, and
bright spots with a central cross when observed
with polarized light. Similar dense bodies were
observed within the midgut of the housefly, Mus-
ca domestica. It is suggested that mineralized
dense bodies are sites of intercellular sequestra-
tion of minerals and may play a vital functional
role in the excretory system (Sohal et al., 1977).
Among lepidopterous larvae, dense bodies with-
in the midgut take on a laminated appearance
and are termed spherites. They appear first be-
fore ecdysis and disappear during differentiation
of regenerative cells to columnar and goblet cells
(Turbeck, 1974).

Physiological studies were not used to identify
the bacteria observed in the lumen of H. bacteri-
ophora of this study. However, the nematodes
were samples taken from cultures previously used
for infectivity studies that were consistent with
observations of Poinar et al. (1977) in which the
bacteria were identified as X. luminescens
(Thomas and Poinar, 1979). They were able to
liberate bacteria from the pharynges and intes-
tines of surface sterilized juveniles of infective
J3 of H. bacteriophora by placing the nematodes
in a drop of insect blood. It is evident that when
the J3 juveniles enter an insect host, and pene-
trate the body cavity, bacteria are released into
the insect hemolymph. The bacteria multiply

—

Figures 12,13. Longitudinal sections through intestinal epithelial cell and lumen of intestine showing granules
and bacteria, respectively. 12. Median section through portions of 2 epithelial cells with granules (EDG) of
varying degrees of electron density and size; appearance of concentric rings of stain apparently dependent on
sectioning levels through each spheroid granule. P, plasmalemmae; MJ, membrane junctions. x14,180. 13. Mid-
longitudinal section through lumen of intestine (IL) with bacterium (Ba) and associated membrane swirls (MS)
and linear particles (LP). Number of microvilli evaginated from the apical cell surface are variable; microvilli
may be absent along portions of lumen surface. IEp, intestinal epithelium. x21,600.
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Figures 14-16. Longitudinal and cross sections through posterior region of intestinal epithelium and cuticular-
ized rectum. 14. Longitudinal-tangential section of posterior intestinal lumen (IL) lined with microvilli (Mv).
Epithelial cells contain prominent lipid droplets and granules. x 11,590. 15. Cross section of a different nematode
showing a circular form of intestinal lumen (IL) lined with microvilli (Mv). Epithelial and hypodermal sections
have large lipid droplets (L), some surrounded by dense glycogen deposits (GD). MJ, membrane junctions.
% 18,240. 16. Cross section of tail region of Heterorhabditis shows cuticle lined rectum (Rec) and supporting
cells, x14,350.
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rapidly, and their large populations become toxic
to the insect and cause septicemia. In a related
study, Poinar (1966) showed that Achromobacter
nematophilus was contained in the ventricular
region of the intestinal lumen of Steinernema
carpocapsae, strain DD 136. In addition, bac-
teria were found in the epithelial cells of the in-
testine. In our study, bacteria were not observed
in epithelial cells of H. bacteriophora.

Future work should focus on changes in bac-
terial morphology and multiplication in the in-
testinal lumen during the transition of the infec-
tive J3 nematode from the nonfeeding stage to
the feeding stage within the insect host. Obser-
vations should be made to determine the nature
and accumulation of bacteria-associated mem-
brane-like particles that may be products of au-
tolysis or lytic action of bacteria on the lumen
contents. Ultimately, it may be possible to cor-
relate the fine structure observations of the bac-
teria in nematodes with the effectiveness of spe-
cies or strains of rhabditoid nematodes as
biological control agents against important ag-
ricultural insect pests.
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Ostertagia Workshop
1-4 March 1992

A 2'%-day workshop on Ostertagia will be held 1-4 March 1992 at the University of Maryland,
University College Center of Adult Education, College Park, Maryland. The scientific program is
intended to be comprehensive on all aspects of research related to Ostertagia ostertagi and diseases
associated with this parasite. The workshop will include invited speakers and roundtable discussions
on topics to promote research and control. These include systematics, epidemiology, immunity,
modeling, genetics, chemotherapy, diagnosis, and effects on host physiology. A poster session will
be included in the program as an evening session to allow interested participants an opportunity to
display current research from their laboratories related to ostertagiosis. Participation will be limited.

Prompt registration is suggested.

For further information about the workshop, agenda, and scientific sessions, please call or write:
Dr. Daniel E. Snyder, USDA, ARS, Animal Parasite Research Laboratory, P.O. Box 952, Auburn,
Alabama 36831; Telephone (205) 887-3741; FAX (205) 821-1732.
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Transmission of Some Internal Parasites in Horses Born in 1989
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ABSTRACT: The dynamics of acquisition of infections of internal parasites of equids in central Kentucky were
observed. Aspects studied were the relationship of the life cycle of the parasites, seasonal occurrence, and age
of the horses. Ten horses born in 1989 and kept on a pasture on a farm in central Kentucky were naturally
infected with internal parasites and examined (1 a month) at necropsy at 64-222 days of age between 20 June
1989 and 14 March 1990. Antiparasitic compounds were never given to these horses and were not generally
used in the breeding band for over 10 years.

Parasites found and the months of their recovery were: bots, Gasterophilus intestinalis, in the mouth from
September to December and in the stomach September—-March; stomach worms, Trichostrongylus axei in June—
September, November, and March and Habronema sp. in August and January; ascarids, Parascaris equorum,
in all months; intestinal threadworms, Strongyloides westeri, in all months but January and February; large
strongyles, Strongylus vulgaris in the cranial mesenteric artery in all months and in the large intestine from
September to March, and Strongylus edentatus in the ventral abdominal wall from August to March; small
strongyles in all months; pinworms, Oxyuris equi, in all months; and eyeworms, Thelazia lacrymalis, in August,
October, and November. Identification of small strongyles from 5 of the horses revealed 7 genera and 22 species
present.

This research provided insight into the transmission pattern of several species of internal parasites of equids

and should be useful in establishing more definite control measures.

KEY WORDS:

Knowledge on transmission of internal para-
sites of equids is important; understanding this
aspect of the biology of parasites is of special
interest in providing a basis for control recom-
mendations for these organisms. Specific re-
search on ecology of internal parasites of equids
is not extensive. Particularly lacking are studies
on equids themselves regarding age when infec-
tions are acquired and the influence of life cycle
of the parasites and season of transmission. In
studying transmission of internal parasites,
availability of adequate numbers of equids, born
and raised under similar conditions, is usually a
limitation.

Previous studies on parasite transmission in
equids in Kentucky have generally included
composite data. For example, investigations have
been on horses born in 1982 on several farms
(Lyons et al., 1985) and born over a 19-yr period
on 1 farm (Lyons et al., 1990). While valuable
information on seasonal transmission of internal

! The investigation reported in this paper (No. 90-
4-124) was conducted in connection with a project of
the Kentucky Agricultural Experiment Station and is
published with the approval of the director.

horses, internal parasites, seasonal transmission, Kentucky.

parasites was found in these studies, it did not
include monthly serial examination of horses born
on the same pasture in the same year.

The purpose of the present research was to
follow monthly the progressive acquisition of in-
fections of endoparasites over a 10-mo period in
horses born in 1989 on the same pasture (Field
No. 10) in central Kentucky.

Materials and Methods

Ten foals were born on a pasture (Field No. 10) in
central Kentucky between 17 April 1989 and 4 August
1989. Details on the birth date, month and age at nec-
ropsy, and sex of the horses are recorded (Table 1).
History on size of the pasture, treatment of the breeding
band, and other aspects of horses kept in Field No. 10
has been published recently (Lyons et al., 1990). Par-
asiticides have not been used in the breeding band in
Field No. 10 since 1979, except for treatment of oc-
casional replacement animals. However, beginning in
1987, parasite control was initiated in horses in sur-
rounding fields and several antiparasitic compounds
were routinely given.

None of the present foals examined was ever treated
with an anthelmintic. Each foal was with its dam until
necropsy.

Organs, tissues, or parts of the horses examined at
necropsy were: eyes, mouth (tongue and gums), phar-
ynx, brain, heart, mesenteric lymph nodes, ligamentum
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Table 1. Internal parasites recovered from 10 horses born on a farm in central Kentucky in 1989.

Parasites
Horse Teeth and/
or tongue Stomach Small intestine
Necropsy
D Birth Age G. intest. G. intest. T s P. equor.

no. Sex date Mo. (days) Ist 2nd 2nd 3rd axei westeri Imm. Mat.

(1989) (1989)
1 Q 4/17 June 64 0 0 0 0 30 130 640 0
2 Q 5/2 July 78 0 0 0 0 30 1,760 1,770 0
3 Q 5/2 Aug. 107 0 0 0 0 10 1,850 390 17
4 8 5/10 Sept. 125 4 2 4 0 180 2,270 110 168
5 3 6/1 Oct. 139 27 21 70 9 0 4,420 230 223
6 Q 6/4 Nov. 164 2 1 21 21 30 2,610 510 68
7 Q 6/22 Dec. 174 3 3 25 73 0 6,850 1,890 S

(1990)
8 Q 6/25 Jan. 205 0 0 1 120 0 0 0 8
9 Q 7/25 Feb. 204 0 0 0 97 0 0 340 51
10 8 8/4 Mar. 222 0 0 0 147 10 90 530 6

G. intest. = Gasterophilus intestinalis, T. axei = Trichostrongylus axei; S. westeri = Strongyloides westeri; P. equor. = Parascaris
equorum;, S. vulg. = Strongylus vulgaris; O. equi = Oxyuris equi; SS or ss = small strongyles; S. edent. = Strongylus edentatus.
Mo. = month; Imm. = immature; Mat. = mature; VAW = ventral abdominal wall; CMA = cranial mesenteric artery.

ND = not determined.

nuchae, the cranial mesenteric artery, the ventral ab-
dominal walls, lungs, esophagus (wash and mucosa),
stomach (contents and mucosa), small intestine (con-
tents and mucosa), ileocecal valve, contents and mu-
cosa of the cecum, ventral colon, dorsal colon, small
colon, and rectum.

Examination of the contents of the various portions
of the gastrointestinal tract included inspections of al-
iquot samples to estimate numbers of smaller parasites
and visual search of the remainder of the contents for
the larger parasites.

Organs, tissues, and other areas were examined
grossly, after which all (except for material artificially
digested) were suspended in containers of water for
about 16 hr. The material remaining after decanting
or reducing the volume of liquid by pouring it into a
200-mesh sieve was fixed with 5% formalin. Later the
preserved residue was washed over a 200-mesh sieve
and examined under a stereoscopic microscope at about
10x.

Small strongyles, found in the contents of the large
intestine, were identified to the species level for 5 of
the horses. This was begun with the first horse (No. 1)
examined, and done on every other horse thereafter.

Artificial digestive juice (1% pepsin and 1% HCI)
was used for recovery of parasites from the esophageal
mucosa, small intestine (anterior half), stomach (glan-
dular mucosa), and cranial mesenteric artery.

The method for enumerating encysted small stron-
gyles in the mucosa of the large intestines is given as
follows: Separation of the large intestine was made into
3 portions—cecum, ventral colon, and dorsal colon.
Following the removal of the contents, each portion
was weighed and 10% was excised randomly with scis-
sors. Thickened areas were trimmed from the serosal
surface (e.g., lymph nodes and arteries) of these tissue

samples, which were cut into smaller pieces, pressed
between 2 petri dishes, and examined under a stereo-
scopic microscope at about 10x. The top, or smaller
dish, turned upside down inside the bottom one, had
a grid that aided in counting the larvae. High intensity
light was used to illuminate the tissue (Reinemeyer and
Herd, 1986a). Encysted small strongyles were enu-
merated for estimations of the total numbers present.

Feces were used for determining worm eggs per gram
(epg) and larvae per gram (lpg) of feces. For the first 3
months of the study, Ipg were not determined. More
detailed descriptions on techniques for recovery of in-
ternal parasites and on methods for epg and lpg have
been published (Drudge et al., 1963, 1975; Lyons and
Drudge, 1975; Lyons et al., 1976b, 1981a, 1983).

Data on bots found in the mouth, eyeworms, and
Habronema sp. from the stomach are not included in
the tables. Comparisons are made of data for some of
the internal parasites recovered from horses in Field
No. 10 in the present study and from horses from this
field and an adjacent field in a previous study (Lyons
et al., 1990). Some parasites found in the present in-
vestigation were not sought in the earlier study. A ma-
jor difference between the 2 studies is that the current
investigation is on a group of horses born the same
year and sampled monthly over a 10-mo period,
whereas the earlier study was a random sampling of
parasitic infections by month in foals born over a 19-
yr period (Lyons et al., 1990).

Results

One sp