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ABSTRACT: A population of Plagiorhynchus (Prosthorhynchus) cylindraceus (Goeze) Schmidt and Kuntz is
described from 4 species of shore birds in South Africa. Specimens of 3 supposed synonyms of P. (P.) cylin-
draceus, namely P. (P.) formosus Van Cleave, P. (P.) taiwanensis Schmidt and Kuntz, and P. (P.) transversus
(Rudolphi) Travassos, were studied and this synonymy was verified. The taxonomic status of Plagiorhynchus s.
str. and of Prosthorhynchus was reconsidered, and both were retained as subgenera. Females of Plagiorhynchus
(Prosthorhynchus) malayensis (Tubangui) Schmidt and Kuntz (nee malayense) are described for the first time;
males are redescribed. A key to species of the subgenus Prosthorhynchus is provided.
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A collection of acanthocephalans was made
by one of us (A.G.C.) from 7 species of shore
birds in South Africa in 1981. All 7 species
yielded a new centrorhynchid acanthocephalan,
Neolacunisoma geraldschmidti Amin and Can-
aris, 1997. Additionally, 5 of these 7 host spe-
cies harbored 2 species of plagiorhynchid acan-
thocephalans.

One unidentified species of Plagiorhynchus
infected 1 host species, and the other 4 host spe-
cies were infected with Plagiorhynchus (Pros-
thorhynchus) cylindraceus (Goeze, 1782)
Schmidt and Kuntz, 1966. The study of the latter
species, a number of its synonyms, and various
plagiorhynchid species prompted reconsidera-
tion of the generic-subgeneric status of Plagio-
rhynchus and Prosthorhynchus and the construc-
tion of a key to species of the latter subgenus.
Among the acanthocephalans borrowed for this
study were a few specimens of Plagiorhynchus
(Prosthorhynchus) malayensis (Tubangui, 1935)
Schmidt and Kuntz, 1966 (nee malayense), that
were sufficiently informative to describe females
for the first time and redescribe males. This pa-
per reports on these findings.

4 Corresponding author.

Materials and Methods

Twenty-eight individuals (12 males and 16 females)
of P. (P.) cylindraceus were recovered from 4 species
of shore birds (Charadriiformes) collected by one of
us (A.G.C.) from the Berg River, Cape Province, South
Africa, between 24 May and 31 July 1981. The host
species were the curlew sandpiper (Calidris ferruginea
(Pontoppidan, 1763), 1 individual infected with 25
acanthocephalans); Kittlitz ' plover (Charadrius pe-
cuarius (Temminck, 1823), 1 of 4 individuals infected
with 1 acanthocephalan); triple-banded plover (Char-
adrius tricollaris (Vieillot , 1818), 1 of 5 individuals
infected with 1 acanthocephalan); and blacksmith plo-
ver (Holopterus armatus (Burchell, 1822), 1 of 7 in-
dividuals infected with 1 acanthocephalan). In addi-
tion, 26 unidentifiable plagiorhynchid acanthocepha-
lans were collected by A.G.C. from 2 white-fronted
sand plovers (Charadrius marginatus Vieillot , 1818)
and 10 uninformative plagiorhynchid acanthocepha-
lans from the stilt (Himantopus hirnantopus (Linnaeus,
1758)), H. armatus, Charadrius pallidus Strickland,
1852, and C. pecuarius. These unidentified specimens
are in the collection of M. Kinsella, Missoula, Mon-
tana.

Specimens were processed by the late Gerald D.
Schmidt. We do not know the processing method used.
Measurements, made using an ocular micrometer and
conversion table, are in micrometers unless otherwise
stated. Width measurements refer to maximum width.
Most specimens were deposited in the United States
National Parasite Collection (USNPC), Beltsville,
Maryland, and a few were retained in the collection of
the first author (O.M.A.). A few study specimens were
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loaned from USNPC, but most were from the Harold
W. Manter Laboratory Collection (HWMLC), Univer-
sity of Nebraska State Museum, Lincoln, Nebraska.
We report the results of examination of the specimens
collected from the South African shore birds.

Results and Discussion

Plagiorhynchus (Plagiorhynchus} sp.

The 26 specimens of Plagiorhynchus (Plagi-
orhynchus) sp. collected from C. marginatus
were slender, with the proboscis wider near its
middle, long lemnisci and uterus, a near-terminal
female gonopore, elliptical eggs with polar pro-
longation of the fertilization membrane, and ce-
ment glands of unequal length and altogether
about as long as the 2 testes. The specimens
were not sufficiently informative to make a spe-
cific designation.

Plagiorhynchus (Prosthorhynchus)
cylindraceus (Goeze, 1782) Schmidt and

Kuntz, 1966

Except for 1 female in the ovarian ball stage,
all 13 other female and 11 male P. (P.) cylin-
draceus collected from the single curlew sand-
piper examined were sexually mature adults
with ripe eggs and sperm, respectively. Of the
other 3 host species examined, 1 individual of
each was infected with 1 immature female. The
curlew sandpiper appears to be the natural host
of P. (P.) cylindraceus in South Africa.

Our South African specimens were diagnosed
as P. (P.) cylindraceus based on their close sim-
ilarities with that species and taxa now synon-
ymized with it, as listed in Amin (1985) and
compared herein (Table 1). Measurements of the
1 available female Plagiorynchus (Prosthorhyn-
chus) transversus (Rudolphi, 1819) Travassos,
1926, the other supposed synonym (USNPC
#65269) agreed with those listed in the table.
Some of the specimens examined, and particu-
larly European P. (P.) cylindraceus, however,
appeared less robust and more slender, and fe-
males as long as 40 mm were reported (Golvan,
1956, Fig. 1). Another difference was related to
the roots of the middle proboscis hooks, which
were longer than the blades in European P. (P.)
cylindraceus (see Golvan, 1956, pi. 1A). This
was also observed in some but not all P. (P.)
cylindraceus from Long Island, New York, and
New Hampshire, U.S.A. (HWMLC 33444-
33452), but not in specimens from Israel
(HWMLC 34871). Golvan's specimens reached

lengths of 15 mm in males and 40 mm in fe-
males and had as many as 24 longitudinal rows
of proboscis hooks. In all other respects, the syn-
onymy of P. (P.) cylindraceus, P. (P.) transver-
sus, Plagiorhynchus (Prosthorhynchus) formo-
sus Van Cleave, 1918, and Plagiorhynchus
(Prosthorhynchus) taiwanensis Schmidt and
Kuntz, 1966, was upheld.

Description of South African Plagiorhynchus
(Prosthorhynchus) cylindraceus

GENERAL: Specimens robust and bluntly
pointed, females not much longer but more
plump than males. Subdermal nuclei discoidal,
in shallow ameboid branched interconnected
vesicles, appearing rod-shaped in profile, with
vertical orientation at almost regular intervals
from anterior end of trunk to short distance from
posterior end. Secondary lacunar vessels trans-
verse throughout trunk. Proboscis hooks in
straight longitudinal rows, without dorsoventral
or any other differentiation. Blades generally
similar in length, but becoming slightly shorter
abruptly anteriorly and more gradually posteri-
orly (Table 1). Hook roots simple, posteriorly
directed, and usually about as long as or slightly
shorter than blades. Posterior 2 hooks of each
row spiniform, second to last hook with short
root which may be further reduced to large
knob; last hook rootless and invariably with
small knob instead. Lemnisci long and slender,
much longer than proboscis receptacle, nucleat-
ed, subequal, sometimes branched or multiple,
may extend past posterior end of posterior testis.
Testes ovoid, contiguous, usually in anterior half
of trunk. Four cement glands in 2 sets of 2 each,
originating at various levels beginning anteriorly
near posterior end of posterior testis. Four sep-
arate cement gland ducts originating anteriorly
at level of anterior end of Saefttigen's pouch and
joining pouch at its posterior end. Gonopore
near-terminal in adult males but distinctly sub-
terminal in adult females, vagina usually curved
anteriad in a 90 degree angle. Ripe eggs mostly
elliptical with concentric shell and no polar pro-
longation of fertilization membrane. Fertilization
membrane of a few eggs in gravid females (5—
15%) may exhibit unipolar or, less frequently,
bipolar prolongation.

SPECIMENS DEPOSITED: USNPC 88031 (10
males and 10 females on 10 slides from Calidris
ferruginea in the Berg River, Cape Province,
South Africa).
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Table 1. Comparison between the South African Plagiorhynchus (Prosthorhynchus) cylindraceus and synonyms as reported by others or measured (this
paper) in selected diagnostic characteristics.

P. cylindraceus

South Africa,
this paper
(n = 23)

Trunk (mm)

Males
Females

7.79-0.15
8.97-11.06

X 1.67-1.88
X 2.06-2.55

Golvan,
1956

(n = ?)

10-15 X
20-40 X

P. formosus

Van Cleave, 1918, 1942;
This paper
(n = 20)

4.545-10.45
5.15-12.12

X 0.61-1.82
X 0.45-2.818

Schmidt and Olsen,
1964 (n = ?)

8-13 X 1.5-2.5
9-15 X 2-3

This paper
(n = 20)

5.61-12.42
8.03-13.32

X 1.24-2.45
X 1.33-2.88

P. taiwanensis

Schmidt and Kuntz,
1966

(n = 60)

10.0-14.0 X 1.75-2.75
13.0-16.0 X 2.5-3.0

This
(n

8.03-11.21
9.09-15.0

paper
= 8)

X 1.57-2.30
X 1.88-3.18

Proboscis (mm)

Males 1.15-1.21 X 0.21-0.24
Females 1.24-1.39 X 0.24-0.27

Proboscis hooks

0.88-1.03 X 0.24-0.33
0.97-1.15 x 0.27-0.33

0.80-1.10 X 0.25-0.33
0.80-1.10 X 0.25-0.33

0.94-1.12 X 0.24-0.30
1.00-1.21 X 0.21-0.36

0.88-1.06 X 0.24-0.26
1.00-1.33 X 0.29-0.35

Rows (no.) 14-17

Hooks/row 15-18

14-20, up
to 24
10-18

16-17

13-15

15-18

11-15

13-17

13-15

14-16

11-15

16-17

13-16

Proboscis hooks (mean length from anterior)

M ( l l ) *

59
62
64
68
68
71
70
71
69
72
71
69
68
62
59
56
53

Eggs 64-78

F(12)*
56
66
69
69
69
73
75
76
76
73
73
73
69
66
62
60
60

X 25-28

M

NGt
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG

80 X

F

NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG
NG

30

M(8)
53
66
67
66
70
70
69
74
71
67
71
71
66
66
56
—

—

42-70 X

F(12)
55
67
66
72
73
79
79
78
82
80
75
72
64
63
61
—

—

12-34

V.C.

71
77
83
83
83
83
83
83
83
77
77
77
65
—
—
—

—

40-75+

S.&O.

60
79
79
79
79
79
79
79
79
79
79
79
79
60
60
—

—

X 18-30+

M(10)

56
56
62
70
72
73
77
77
75
73
75
69
66
63
60

—
—

56-73

F(10)

59
64
72
77
78
79
81
81
77
78
74
73
68
64
57

—
—

X 25-31

M(?)t
62
65
65
67
67
70
70
73
73
67
59
59
56
56
—

—
—

65-75

F(?)t
67
73
76
85
85
85
85
85
85
85
85
88
91
88
73

—
—

X 24-27

M(3)

59
62
67
67
67
69
69
69
62
60
56
57
57
56
52
—

—

53-73 >

F(5)

69
76
72
74
77
78
76
76
78
82
77
78
73
70
64

—
—

< 22-28

* Numbers in parentheses indicate the numbers of specimens used for determination.
t ?, Number of specimens examined not given.
± NG, not given.
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Figures 1-8. Species of Plagiorhynchus (Prosthorhynchus) and /*. (Plagiorhynchus). 1-5. Plagiorhynchus
(Prosthorhynchus) inalayensis, female. 1. Lateral view of whole specimen. 2. Posterior end and reproductive
system. 3. Egg from the body cavity. 4. Proboscis. 5. Proboscis hook numbers 1, 4, 8, 13, 18, 20 of 1 row.
6. Plagiorhynchus (Prosthorhynchus) bullocki, egg from the body cavity of a gravid female. 7, 8. Plagio-
rhynchus (Plagiorhynchus) paulus. 7. Egg from the body cavity of a gravid female. 8. Posterior end and
reproductive system of a female, showing the subterminal position of the gonopore.

SPECIMENS EXAMINED: P. (P.) cylindraceus
adults: HWMLC 33443-33449, 33451, 35658,
36785 (Nebraska, New Hampshire, New York,
U.S.A.); 34871, 34882 (Israel). P. (P.)formosus
adults: USNPC 4598 (syntypes), 60023;
HWMLC 30539, 30978, 30983, 30987, 31037,

33877, 33938-33941, 34480, 34652, 35005
(Colorado, Oregon, and Kansas, U.S.A.), many
slides of larvae from various intermediate hosts.
HWMLC 30975, 30978, 30983, 30987, 31037,
31037, 31061 labeled "Plagiorhynchus formo-
sus ex. Sturnus vulgaris, intestine; Kansas"
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were clearly misidentified and placed in the
wrong genus as judged by their thin body form
and small size, proboscis size and armature, and
eggs; some had spiny trunks. P. (P.) taiwanensis
adults: USNPC 60718 (paratypes). HWMLC
34124-34126 (paratypes). P. (P.) transversus
adult: USNPC 65269.

The examined specimens provided additional
data that are not included in Table 1: 1 P. (P.)
transversus female (USNPC 65269) had hook
roots that were considerably longer than the
blades and eggs with concentric membranes,
with no more than 5% having polar prolongation
of the fertilization membrane. The position of
the gonopore was obscured. The P. (P.) formo-
sus specimens had proboscides with only up to
15 hooks per row. The roots of the middle pro-
boscis hooks were longer than the blades in
some specimens. Gravid females had up to 10%
of their ripe eggs showing some polar prolon-
gation of the fertilization membrane. The female
gonopore was invariably and definitively subter-
minal. The P. (P.) taiwanensis specimens were
robust and almost identical to P. (P.) formosus.
Distinct differences in lemniscal length, which
were used to justify the designation of P. (P.)
taiwanensis as a separate species (Schmidt and
Kuntz, 1966), were not observed in this study,
in agreement with later observations by Schmidt
(1981). The proboscis had only up to 15 hooks
per row. The roots of the middle proboscis
hooks were invariably slightly shorter than the
blades. Up to 15% of the ripe eggs had some
polar prolongation of the fertilization membrane.
The female gonopore was definitively subter-
minal.

Plagiorhynchus (Prosthorhynchus) malayensis
(Tubangui, 1935) Schmidt and Kuntz, 1966

(Figs. 1-5)

GENERAL: Tubangui (1935) originally de-
scribed this species from 1 male specimen ob-
tained from the gruiform bird, the banded land-
rail Gallirallus (=Hypotaenidia) philippensis
Linnaeus, 1766, in Luzon, Philippines, as Oli-
goterorhynchus malayensis. It was later trans-
ferred to the genus Prosthorhynchus by Yama-
guti (1963) because of its cylindrical proboscis.
Schmidt and Kuntz (1966) redescribed the males
based on 2 new specimens (USNPC 60730) col-
lected from 2 other species of gruiform birds
from Taiwan (the white-breasted water hen,
Amauromis phoenicurus chinensis (Boddaert,

1783) and the banded crake, Rallina eurozono-
ides formosana Seebohm, 1894) and on the orig-
inal description. The female remained unknown.
Eleven specimens (6 males and 5 females on 8
slides) of the same species, all from the G. D.
Schmidt collection, became available for this
study (10 specimens from HWMLC, 1 from
USNPC). Seven of the 8 slides were dated 1965;
the remaining slide (1 male specimen) was dated
1972. One of the 2 males described by Schmidt
and Kuntz (1966) (USNPC 60730) was also dat-
ed 1965. The 5 female specimens in this collec-
tion were adequate for description. The 6 male
specimens in the same collection also provided
additional new information.

FEMALE: Trunk elongate, slender, cylindrical
(Fig. 1), 11.5-18.2 (Jc = 15.1) mm long by 1.12-
1.37 (1.23) mm wide. Proboscis cylindrical,
rounded anteriorly 1.06-1.30 (1.18) mm long by
0.26-0.30 (0.28) mm wide (Fig. 4), with 19
hook rows, each with 20-21 hooks. All hooks
similar in shape, except basal hooks spiniform.
Hooks increasing in size posteriorly to hooks 4-
8, then gradually decreasing to hooks 20, 21,
reaching size of anterior hooks. Lengths of 1
row of hooks of 1 female (Figs. 1, 4, 5) from
anterior 48, 53, 56, 56, 62, 62, 62, 64, 62, 62,
62, 59, 56, 56, 56, 56, 56, 53, 53, 50, 50. Roots
of posterior 4 hooks in each row greatly and
more progressively reduced posteriorly, well de-
veloped in all other hooks, and with anterior ma-
nubria in anterior 4-6 hooks; manubria most de-
veloped anteriorly (Fig. 5). Neck of same female
303 long by 333 wide. Proboscis receptacle
1.97-2.03 (2.00) mm long by 0.27-0.48 (0.37)
mm wide. Lemnisci narrow and much longer
than proboscis receptacle, 4.30-5.45 (4.74) mm
long by 0.12 mm wide. Reproductive system
short, robust with well-developed vagina, very
short uterus, and comparatively large uterine
bell, 757 long (5% of trunk length). Gonopore
decidedly subterminal (Fig. 2). Eggs elongate
ovoid, 53-84 (64) long by 22-31 (28) wide; ex-
ternal shell sculptured with elevated ridges and
grooves particularly at poles, all shells concen-
tric (Fig. 3) with less than 5% of ripe eggs show-
ing mild to moderate polar prolongation of fer-
tilization membrane.

FEMALE (Fig. 1): HWMLC 36329.
OTHER FEMALES: HWMLC 33878, 36327,

36328.
HOST: Amauromis phoenicurus (Boddaert,

1783).
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SITE OF INFECTION: Intestine.
LOCALITY : Borneo, Indonesia; Taiwan.
MALE: Trunk slender, cylindrical, 10.0-13.0

(11.5) mm long by 0.82-1.42 (1.09) mm wide.
Proboscis cylindrical with rounded anterior end,
1.00-1.21 (1.11) mm long by 0.20-0.24 (0.23)
mm wide. Proboscis with 16-21 longitudinal
rows of 20-22 hooks each. Differences between
anterior, middle, and posterior hook sizes and
shape and size of roots comparable to females.
Lengths of hooks from anterior 42 (42), 48-56
(52), 53-56 (54), 53-59 (56), 50-59 (54), 50-
62 (57), 50-56 (54), 48-59 (54), 48-64 (57),
48-56 (53), 45-56 (52), 45-59 (53), 48-56 (53),
48-56 (53), 48-56 (53), 45-56 (51), 45-56 (50),
45-56 (51), 45-53 (49), 45-50 (47), 42-48 (45).
Neck 151-242 (181) long by 212-333 (273)
wide. Proboscis receptacle 1.88-2.12 (1.98) mm
long by 0.30-0.42 (0.34) mm wide. Lemnisci
narrow and markedly longer than proboscis re-
ceptacle, 2.36-3.33 (2.82) mm long. Testes
ovoid, contiguous, at middle of trunk. Anterior
testis 0.94-1.15 (1.05) mm long by 0.45-0.70
(0.52) mm wide. Posterior testis 0.91-1.88
(1.14) mm long by 0.45-0.73 (0.55) mm wide.
Four tubular cement glands, 2.12-4.24 (3.14)
mm long by 0.09-0.30 (0.18) mm wide; cement
glands begin at posterior end of posterior testis
and join into 2 cement ducts posteriorly at level
of anterior end of Saefftigen's pouch, which they
join at its posterior end. Saefftigen's pouch
1.21-1.36 (1.29) mm long by 0.45-0.48 (0.47)
mm wide. Bursa 0.94—1.36 (1.15) mm long by
0.97-1.21 (1.09) mm wide.

SPECIMENS EXAMINED : USNPC 60730;
HWMLC 33878, 36327, 36328, 36329.

Other species of the 2 Plagiorhynchus sub-
genera were studied to help with the construc-
tion of the following key. This study produced
the following unexpected information, which
demonstrated the wide variability within the ge-
nus Plagiorhynchus and provided a context
against which its taxonomic complexity could be
evaluated.

Plagiorhynchus (Prosthorhynchus) bullocki
Schmidt and Kuntz, 1966

The specimens (5 males and 4 females from
the Formosan hill partridge, Arborophilia cru-
digularis (Swinhoe, 1864) from Taiwan) were in
general agreement with the original description,
except that proboscis hooks numbered 17—18 in
each of 14-16 longitudinal rows (instead of 16-

17, 16) and most ripe eggs (at least 80%)
showed mild to strong polar prolongation of the
fertilization membrane (Fig. 6). Schmidt and
Kuntz (1966) did not refer to a polar prolonga-
tion of the fertilization membrane, and their fig-
ure 11 shows none. The gonopore of both sexes
is decidedly subterminal. The above 2 traits are
in conflict with the traditional criteria for the
subgenus Prosthorhynchus (females with subter-
minal gonopore and eggs with concentric shells)
or the subgenus Plagiorhynchus (females with
terminal gonopore and eggs with polar prolon-
gation of fertilization membrane). See Remarks
following.

SPECIMENS EXAMINED : HWMLC 34074,
34133.

Plagiorhynchus (Prosthorhynchus) gracilis
(Petrochenko, 1958) Schmidt and Kuntz, 1966

One male from the intestine of the masked
lapwing, Vanellus miles (Boddaert, 1783), in
Tasmania was slender and somewhat robust an-
teriorly, with lemnisci about as long as the pro-
boscis receptacle. The proboscis had 21 rows of
more than 15 hooks each and 6 tubular cement
glands. All of Petrochenko's (1958) male spec-
imens were "wrinkled," and the resulting "cor-
rugation" affected the "subsequent distribution
of internal organs." His males had 20 proboscis
hook rows, each with 16 hooks and only 3 tu-
bular cement glands (Petrochenko, 1958, p.
182).

SPECIMEN EXAMINED : HWMLC 39385.

Plagiorhynchus (Prosthorhynchus) golvani
Schmidt and Kuntz, 1966

Observations on 1 male from the intestine of
a collared bush-robin, Tarsiger (=Erithacus)
johnstoniae (Ogilvie-Grant, 1906) (Turdidae), in
Taiwan were in agreement with the original de-
scription.

SPECIMEN EXAMINED : HWMLC 34299.

Plagiorhynchus (Plagiorhynchus) charadrii
(Yamaguti, 1939) Van Cleave, 1951

The specimens (9 males and 12 females on 10
slides), dated 1965 to 1978 and collected from
shore birds in Taiwan, Hawaii, and Tasmania,
generally agreed with the descriptions of Ya-
maguti (1939) and Schmidt and Kuntz (1966).
The proboscides had 17-18 rows of 14-15
hooks each. The gonopore was terminal in both
sexes, but eggs varied considerably in size and
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degree of polar prolongation of the middle mem-
brane, if any. For example, females collected
from the Kentish plover, Charadrius alexandri-
nus Deignan, 1941, and the golden plover Plu-
vialis dominica Gmelin, 1789, in Taiwan and
Hawaii had eggs up to 85 X 28 and 132 X 50,
respectively. These eggs mostly had a polar pro-
longation of the middle membrane as described
by Yamaguti (1939) and Schmidt and Kuntz
(1966), whose specimens' eggs measured 105-
120 X 30-45. Some females from the red-
capped plover, Charadrius (Alexandrinus) rufi-
capillus Temminck, 1822, in Tasmania had larg-
er eggs, up to 168 X 67, that mostly had no
visible prolongation of the fertilization mem-
brane. In most other females examined, how-
ever, about 80% of the eggs normally had no
polar prolongation. This extreme variation in the
polar swelling of the fertilization membrane pos-
es taxonomic problems and is clearly not related
to egg size or maturity. It may be associated
with host species or with unknown geographical
factors.

SPECIMENS EXAMINED: HWMLC 34128, 34747,
39347, 39374.

Plagiorhynchus (Plagiorhynchus) paulus Van
Cleave and Williams, 1951

Measurements of 2 males and 2 females from
the varied thrush, Zoothera (=Ixoreus) naevius
(Gmelin, 1784), in the State of Washington,
U.S.A., did not agree with the original descrip-
tion. For example, testes were longer (anterior
0.848 X 0.364 mm, posterior 0.666 X 0.364
mm), proboscis receptacle 1.060 X 0.212 mm in
1 male and 1.394 X 0.273 mm in 1 female, ce-
ment glands 0.697 X 0.106 mm to 1.515 X
0.121 mm and eggs 50-76 (66) X 14-28 (19)
(n = 8). A few (5-10%) of the eggs showed no
polar prolongation of the fertilization membrane,
but most did (Fig. 7). The female gonopore was,
however, not terminal as would be expected in
a species placed in Plagiorhynchus. The female
gonopore was actually subterminal (Fig. 8). No
reference to the position of the female gonopore
was made in the original description (Van
Cleave and Williams, 1951) or in subsequent ac-
counts by other authors (e.g., Petrochenko,
1958). Based on this character alone, this spe-
cies would be assigned to Prosthorhynchus.
However, the polar prolongation of the egg fer-
tilization membrane, among other factors dis-

cussed below, further complicates the issue. No
reassignment is made at this time.

SPECIMEN EXAMINED: HWMLC 34333.

Inclusion of species in the key

Amin (1985) listed 19 species in the subgenus
Prosthorhynchus, and Golvan (1994) listed 27,
while Hoklova (1986) listed 11 species from
land vertebrates. Part of this discrepancy is be-
cause of synonyms not acknowledged by Golvan
(1994) or Hoklova (1986) and hence not includ-
ed in the key. The following species are not rec-
ognized as valid: P. (P.) formosus, P. (P.) tai-
wanensis, and P. (P.) transversus (synonyms of
P. (P.) cylindraceus, see this paper; Schmidt,
1981; Amin, 1985). Other synonyms of P. (P.)
cylindraceus noted by Golvan (1994) are P. (P.)
rosai (Porta, 1910) Meyer, 1932, and P. (P.)
upupae Lopez-Neyra, 1946. Rhadinorhynchus
asturi Gupta and Lata, 1967, was erroneously
named Prosthorhynchus asturi by Golvan
(1994); this species, with a spinose trunk, is
clearly a rhadinorhynchid. Golvan (1956) pro-
posed other synonymies that he later retracted
(Golvan, 1994). Plagiorhynchus (Prosthorhyn-
chus} pupa (von Linstow, 1905) Meyer, 1931, is
a synonym of Polymorphic pupa (von Linstow,
1905) Kostylev, 1922 (see Amin, 1992). Golvan
(1994) removed Prosthorhynchus (Prosthorhyn-
chus} limnobaeni Tubangui, 1933, to the sub-
genus Plagiorhynchus despite the fact that this
species is known from only 2 males. This reas-
signment to Plagiorhynchus is unjustified, and
the species is retained in the subgenus Pros-
thorhynchus. It is not, however, included in the
key because of controversy regarding the only
usable diagnostic trait, the proboscis armature.
Tubangui (1933) indicated that proboscis hooks
are "in forty-three alternating anteroposterior
rows of eight hooks each," but his Plate 5, Fig-
ure 1 shows a proboscis with about 18-20 lon-
gitudinal rows, each with 30 hooks. Golvan
(1956) accepted the 43 X 8 formula and Petro-
chenko (1958, after Meyer, 1932-1933) indicat-
ed 16 longitudinal rows of 17 hooks each. Ya-
maguti (1963) quoted both figures, 43 X 8 and
16 x 17. Both Petrochenko (1958) and Yama-
guti (1963) retained the species in Prosthorhyn-
chus as originally described. Golvan (1956,
1994) synonymized P. (Prosthorhynchus) rectus
Sphern, 1942 nee Linton, 1892, with "Prosth-
orhynchus schmidti nom. nov." This entity,
originally described as Echinorhynchus rectus
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Linton, 1892, was declared incertae sedis by Posterior 1-8 hooks smaller, spine-like, with
o i- •_!<. j T^ 4 /ir»/:/:\ • t- • ~A underdeveloped, rudimentary, or no roots 3Schmidt and Kuntz (1966) and is not recognized . • , -, 0 • ,-i V .3. Proboscis with 7-8 spine-like hooks posten-
here. Golvan (1956, 1994) removed P. (Pros- orly 4
thorhynchus) reticulatus (Westrumb, 1821) Proboscis with 1-7 spine-like hooks posteri-
Schmidt and Kuntz, 1966, to the subgenus Pla- orly 5
giorhynchus without any justification. The re- 4- Spine-like hooks rootless
6 . . J J, , , . . P. (P.) varispinus, Wang 1966
assignment is not accepted, and the species is Spine-like hooks with laterally split roots and
included in the key. Plagiorhynchus (Prosthor- manubrium
hynchus) rostratum (de Marval, 1902) Meyer, P. (P.) golvani Schmidt and Kuntz, 1966
1932, was considered incertae sedis by Amin 5- Proboscis with 5-7 rootless spine-like hooks
(1985) and is not included in the key. Golvan D T - R (R> b»"ock! Sĉ 1 ™d Kunt7' 196J

Proboscis with 1-4 spine-like hooks 6
(1994) also listed "Prosthorhynchus luehei Tra- 6 Proboscis with 3_4 spine-like hooks having
vassos, 1916" (=Echinorhynchus spirilla Ru- greatly reduced but definite roots
dolphi, 1819; E. spirilla Linstow, 1878, 1897; P- (P.) malayensis
Gigantorhynchus spirula Porta, 1908, 1909; (Tubangui, 1935) Schmidt and Kuntz, 1966
_ , , . , , . „  ir,nr n ; Proboscis with 1-3 spine-like hooks having
Prosthenorchis luhei Travassos, 1916; Prosthor- underdeveloped, rudimentary, or no roots 7
hynchus spiralis (Rudolphi, 1809) Schmidt and 7 Adults very long (males 45 mm, females 60
Kuntz, 1966). The species is considered incertae mm) P. (P.) scolopacidis
sedis (Schmidt and Kuntz, 1966) and is not in- (Kostylev, 1915) Schmidt and Kuntz, 1966
eluded in the key because its inadequate descrip- Adults sj°rter (™alef  UP to 30 mm' females o

,, . , . . , , up to 40 mm long) 8
tion does not allow its placement in either of the g Eggs large> 125_i3o x 45-50 ..... P. (P.) pittamm
2 subgenera of Plagiorhynchus. Another spe- (Tubangui, 1935) Schmidt and Kuntz, 1966
cies, Plagiorhynchus kuntzi Gupta and Fatma, Eggs smaller than 125-130 x 45-50 9
1988, is not included in the key because it is not 9- Proboscis with 8 rows of hooks, posterior
assignable to either subgenus. The position of ho°ks with very short roots; most eggs with

; , . , , , , . , polar prolongation or fertilization mem-
the female gonopore was described as terminal brane
or subterminal"; the description was based on .... p. (/>.) ,-usselli (Tadros, 1970) Golvan, 1994
only 1 female and 1 male (Gupta and Fatma, Proboscis with 14 or more rows of hooks, pos-
1988). Petrochenko (1958) and Yamaguti (1963) terior hooks with greatly reduced, rudimen-
listed 22 and 21 species of Prosthorhynchus, re-  ̂or no roots; most e§§s with Concentric

, shells 10
spectively, but the taxonomic status and assign- 1Q Vaginal sphincter strongly developed on 1 side
ment of many of these species also has been p. (/>.) asymmetricus Belopolskaja, 1983
changed since. Vaginal sphincter symmetrical 11

Based on the above account, 21 species are 1L Lemnisci considerably shorter than proboscis
considered valid and are included in the follow- receptacle; proboscis with 18 rows, each

. _ _ , , , / i r><-0, , - ..j  4. j with 20 hooks P. (P.) angerense
mg key. Petrochenko s (1958) key is outdated (Travassos, 1926) Schmidt and Kuntz, 1966
and did not include newer taxa and recent con- Lemnisci slightly or considerably longer than
cepts as outlined in our present work. The short- proboscis receptacle; proboscis with 14-20
er key by Hoklova (1986) addressed only spe- rows> each with 10-22 hooks 12

cies from the former U.S.S.R., some of which 12' Ventral surface of female gonopore with ele-
vated papilla

are synonyms. p (/)) geni topapillosus Lundstrom, 1942
No papilla at female gonopore 13

Key to Species of the Subgenus 13. Proboscis small, 640-770 x 190-230, with 18
Prosthorhynchus rows of hooks P. (P.) ogati (Fukui

and Morisita, 1936) Schmidt and Kuntz, 1966
1. Proboscis with 30 rows of hooks; eggs small Proboscis larger, with 14-20 rows of hooks 14

(40 X 20); trunk pigmented 14. Proboscis less than 1.0 mm long 15
P. (P.) pigmentatus Proboscis 1.0 mm long, or longer 16

(Marval, 1902) Meyer, 1932 15. Proboscis 800-900 X 200 with 16-18 rows of
Proboscis with 8-21 rows of hooks; eggs larg- 15-18 hooks each, hooks very small, middle

er; trunk not pigmented 2 and posterior hooks 23 and 4 long; females
2. All proboscis hooks of almost uniform size 17 mm long; eggs 70 X 10 P. (P.) rheae

(50-54 long), with rectangular well-devel- (Marval, 1902) Schmidt and Kuntz, 1966
oped roots P. (P.) limnobaeni Proboscis 957 X 65 with 16—18 rows of 20—

(Tubangui, 1933) Golvan, 1956 22 hooks each, middle and posterior hooks
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39 and 13 long; females 4.6 mm long; eggs
44-46 X 26-28 P. (P.) rossicus

(Kostylev, 1915) Schmidt and Kuntz, 1966
16. Proboscis consistently longer than 1.0 mm _ _ _ 17

Proboscis length averaging about 1.0 mm ..... 20
17. Proboscis with 18-20 rows of hooks 18

Proboscis with 14-16 rows of hooks 19
18. Proboscis 1.25-1.44 X 0.33 mm with 18-20

rows of 15 hooks each, middle hooks 58-59
long, posterior 3 hooks rootless
- P. (P.) gallinagi (Schachtachtinskaia, 1953)

Schmidt and Kuntz, 1966
Proboscis 1.18 X 0.260-0.033 mm with 20

rows of 16 hooks each, middle hooks 71-77
long, posterior 3 hooks with underdeveloped
but definite roots P. (P.) gracilis
(Petrochenko, 1958) Schmidt and Kuntz, 1966

19. Proboscis 1.0-1.3 mm long with 16-17 hooks
per row, 1—3 basal hooks with broadened
base but no definite root; females 12-15 mm
long; eggs 80 X 40 P. (P.) reticulatus

(Westrumb, 1821) Golvan, 1956
Proboscis 1.1 X 0.3 mm with 14-15 hooks per

row, posterior hooks spiniform and rootless;
females 7.0-8.5 mm long; eggs 70 X 35
P. (P.) nicobarensis (Soota and Kansal, 1970)

Zafar and Farooqi, 1981
20. Proboscis 0.96-1.1 X 0.19-0.22 mm with 20

rows of 19-20 hooks each, most posterior
hooks rootless; proboscis receptacle 1.8 mm
long; males 7 X 1.1 mm, females 8 X 1 . 1
mm P. (P.) longirostris

(Travassos, 1927) Amin, 1985
Proboscis 0.8-1.3 X 0.2-0.36 mm with 14-20

(usually 14-18) rows of 10-18 (usually 13-
18) hooks each, posterior 1-3 spiniform
hooks with greatly reduced or no roots; pro-
boscis receptacle 2.0-2.5 mm long; males
4.5-30 X 0.6-2.4 mm, females 5-40 X 0.4-
3.2 mm P. (P.) cylindraceus

(Goeze, 1782) Schmidt and Kuntz, 1966

Remarks

Plagiorhynchinae was established by Meyer
(1931) as a subfamily of Polymorphidae, within
which he included the genera Plagiorhynchus
Liihe, 1911, and Prosthorhynchus Kostylew
1915, as well as Sphaerechinorhynchus Johnston
and Deland, 1929, and Porrorchis Fukui, 1929.
Golvan (1956, 1960) erected 2 new subfamilies,
Porrorchinae and Sphaerechinorhynchinae, to
accommodate forms with short spheroid probos-
cides. This left only 2 genera, Plagiorhynchus
and Prosthorhynchus, in the Plagiorhynchinae.
Petrochenko (1956) established the family Pros-
thorhynchidae to contain Prosthorhynchus,
among other genera, that infect terrestrial ver-
tebrates as adults and terrestrial insects as larvae
and that have eggs with concentric shells and no
polar prolongations. Yamaguti (1963) placed

Plagiorhynchidae Golvan, 1960 emend, in Echi-
norhynchidea Southwell and Macfie, 1925, in
which adult and larval worms infected aquatic
vertebrates and crustaceans, respectively, and
eggs had a polar prolongation of the middle
membrane. Schmidt and Kuntz (1966) synony-
mized Prosthorhynchus with Plagiorhynchus
and reduced the 2 genera to subgenera of the
genus Plagiorhynchus s. lat. Schmidt and Kuntz
(1966) observed that the only 2 consistent mor-
phological differences between the 2 taxa, the
position of the female genital pore and the pres-
ence or absence of polar swelling in the egg fer-
tilization membrane, were "not invariable."
Amin (1982, 1985) accepted Schmidt and
Kuntz's (1966) classification, and additional
documentation was produced by this study. Hok-
lova (1986) and Golvan (1994), however, pre-
ferred to retain the original independent status
of the 2 genera in Polymorphidae.

In the present work, an examination of many
specimens and a review of relevant literature
provided additional documentation and justifi-
cation of Schmidt and Kuntz's (1966) decision
to reduce Plagiorhynchus s. str. and Prostho-
rhynchus to subgenera of the genus Plagiorhyn-
chus s. lat. All  characteristics examined were
found to vary considerably within each taxon,
and to overlap between the 2 taxa. Characters
found with some degree of variation and with
very littl e but evident overlap include hosts, egg
membranes, and female gonopore. Species of
the subgenus Plagiorhynchus s. str. normally in-
fect shore and aquatic arthropods (crustaceans
and insects) as larvae, have a terminal gonopore
in the female, and have eggs with polar prolon-
gation of the fertilization membrane. Species of
subgenus Prosthorhynchus normally infect ter-
restrial birds and occasionally mammals as
adults and terrestrial arthropods as larvae, have
a subterminal gonopore in the female, and have
eggs with concentric shells showing no prolon-
gation of any membrane. Despite Golvan's
(1994) assertions and Hoklova's (1986) reser-
vations, we have found exceptions to each of
these 3 more stable characteristics, constituting
an overlap between the concept of Plagiorhyn-
chus s. str. and that of Prosthorhynchus. Our P.
(Prosthorhynchus) cylindraceus specimens from
South Africa were collected from 5 species of
shore birds, suggesting an aquatic lif e cycle in
the definitive and intermediate hosts. The same
specimens and many others reported as syno-
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nyms of the same species included females hav-
ing up to 15% of their eggs with polar prolon-
gation of the fertilization membrane. Most eggs
(at least 80%) of the P. (Prosthorhynchus) bul-
locki female specimens examined also had polar
prolongation of the fertilization membrane. Fe-
males of P. (Prosthorhynchus) bullocki have a
definite subterminal gonopore; thus, this taxon
remains in limbo between the 2 subgenera. Sim-
ilarly, females of P. {Plagiorhynchus) paulus
with eggs mostly having prolongation of the fer-
tilization membrane have a subterminal gono-
pore. Because the eggs vary in size, shape, and
the presence and degree of polar prolongation
and because host ecological parameters are not
consistent within each subgenus, the position of
the female gonopore becomes the only remain-
ing reliable trait distinguishing the 2 subgenera.
Examples of the limitations to sole use of this
characteristic include that of P. (P.) paulus and
the fact that males cannot be keyed out. Vari-
ability within and between the 2 subgenera in all
3 characteristics (host, female gonopore, eggs)
should be considered in toto while considering
the limitations inherent in each.

Despite the above documented variations and
limitations, no new subgeneric diagnoses are
given or believed necessary; those provided by
Schmidt and Kuntz (1966) are considered ade-
quate.
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