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of the phylogenetic lines of known species
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Introduction

The taxonomy and the phylogenetic system of heligmonellids and helig-
mosomids, which occur specifically in the Far Eastern small mammals, have
been studied with regard to the phylogenetic system and the zoogeographical
movement of hosts.2”® In the preceding paper (part 1), the author reported
four species and/or subspecies of Heligmosomoides which parasitized the
Japanese wood mice, Apodemus spp..” In this paper, the genus Heligmo-
somoides, which has been confused taxonomically, is reviewed on the basis
of morphologic studies (mainly on the synlophe and spicule). And the
zoogeographic and phylogenetic data of the hosts are considered in order to
systematize taxonomic and phylogenetic status of the species belonging to
this genus including the taxa parasitizing Apodemus as the basic research for
the future studies.

1. Taxonomic problems of the genus Heligmosomoides

The genus Heligmosomoides HaLL, 1916% belongs to the family Helig-
mosomidae CrRAM, 1927, ans has the following key characteristics :* Compara-
tively long (5~10 mm in length) nematode. Body red in color when
alive and coiled several times. Cuticle with continuous and longitudinal
ridges (synlophe). Axis inclination of orientation of ridges to sagittal axis
frontal. Careane absent. Monodelphic. Parasites of holarctic Arvicolidae
(=Microtidae), Cricetidae and Muridae.

This genus includes many species and has been confused because of the
presence of the synonyms (H. polygyrus, H. laevis etc.)®1%19.27,45,54,5,58,60 5nd
the subspecies (H. kurilensis, H. bullosus, H. desportesi, H. polygyrus, H.
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tatricus etc.)19.20.29.30,3.49.50 and the confusion with other genera (Heligmo-
somum and Dessetia).

Up to the present, the author has considered that at least 28 species
belong to the genus Heligmosomoides sensu stricto (Tab. 1). In this paper,
the author agrees with GENov and JANCHEV’s®® proposition that H. moldo-
vensis (ANDREIKO, 1963)P belongs to the genus Dessetta GENOV & JANCHEYV,
1981.

Furthermore, the author proposes that H. spalacis (KIRSHENBLAT,

Table 1. List of known species of genus Heligmosomoides

SPECIES SPICULE NUMBER
& REFERENCES HOSTS LOCALITIES LENGTH OF
SUBSPECIES (mm) RIDGES

a) travassosi-douglasi line

travassosi Schulz, 1926 Cr. cricetus France 0.6 34
yorkei Schulz, 1926 Cr. migratorius USSR 1.7 30
Juvenus Kirshenblat, 1949 Meso. auratus USA 0.4 ?
douglasi D.-D. ¢t al., 1972 R. raviventris USA 1.0 32
turgidus Walton, 1923 M. arvalis USA 0.5 34

b) relic group
polvgyrus

americanus  D.-D. et al., 1972 P. intermedius USA 0.9 24
hudsoni Cameron, 1937 D. hudsonius (Canada 1.4 14
Johnsoni Rausch & Rausch, . intermedius USA 2.4 12

1973
¢) laevis-carolinensis line
laevis Dujardin, 1845 M. arvalis France 0.6 15
grareoli aylis, 1928 Cl. glarcolus G. Bri 0.9 20
(Mishra et al., 1976) (Cl. glarcolus) (France) (L0) (16)
longispiculus Tokobaey & M. gregalis USSR 1.9 ?
gsp Erkulov,1966 . gregacts - : :
tatricus Erhardova, 1955 M. nivalis Czecko. 1.3 17
schulsi Nadtochii, 1966 M. oeconomus USSR 2.3 ?
protobullosus Sfl"i)l:;};v:hfz 1987 M. montebelli Japan 19 15
bullosus

bullosus D.-D., 1968 b M. oeconomus Alaska 1.9 17

matthewensis D.-D., 1968 b M. abbreviatus  Alaska 1.7 18
microti Kuns & Rausch, 1950 M. montanus USA 0.4 16
WISCONSINCNSLS D.-D., 1968 b M. pennsylva- USA 2.0 16

nicus
carolinensis Dikmans, 1940 Cl. gapperi USA 1.8 19
desportesi

desportesi Schulz, 1926 AL sylvaticus France 0.6 ?

Japonicus Chabaud ez al., A, argenteus Japan 0.6 23

1963
shikokuensis  Asakawa & A. speciosus Japan 0.4 25
Ohbayashi, 1986 ¢
USSUITCN SIS Lubimov, 1932 E. sibiricus USSR 0.9 18

Cr.: Cricetus, Meso.: Mesocricetus, R.: Reithrodontomys, M.: Microtus, P.: Phenacomys,
D.: Dicrostenyx, Cl.: Clethrionomys, \\.: Apodemus, E.: Eutamias, D.-D.: Durette-Desset.
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Table 1. Continued

SPECIES SPICULE NUMBER
& REFERENCES HOSTS LOCALITIES LENGTH OF
SUBSPECILES (mm) RIDGES

d) longicirratum-longispiculatus line

longicirratum Skrjabin et al., M. sp. USSR 2.9 20
1954
simirnovae D.-D. ¢t al., 1980 L. sibiricus USSR 3.1 25
tenorai D.-D., 1968 b L. sibiricuc Alaska 29 23
montanus D.-D., 1968 b M. longicaudus  Alaska 3.9 17
longispiculatus Dikmans, 1940 M. pennsylva- USA 4.0 ?
nicus
kurilensis
kurilensis Nadtochii, 1966 Al sp. USSR 3.0 20
kobayashii Ishimoto, 1974 A. speciosus Japan 3.0 28
e) polygyrus line
polygyrus
polygyrus Dujardin, 1845 Mus musculus Europe 0.5 29
corsicus D.-D., 1968 a Mus musculus France 0.5 40
bakeri D.-D. ¢t al., 1972 Mus musculus USA 0.5 37
neopolygyrus Asakawa & A, peninsulac Japan 0.5 29

Ohbayashi, 1986 c

M.: Microtus, A.: Apodemus, L.: Lemmus, D.-D.: Durette-Desset.

19655 from Spalax graecus belongs also to the genus Dessetia because of
the morphological characteristics of the externo-dorsal and dorsal rays, and
the host family. Nadtochii et al®® reported ‘Heligmosomum ryjikovi”,
which was similar to H. yorkei and H. juvenium, although was characterized
by the structure of the dorsal ray with 6 ramuli instead of 4 in the specimen,
from Microtus oeconomus in Kamchatka Peninsula, U. S. S. R.. In this paper,
however, no determination of the taxonomical status of “H. ryjikovi’ was
possible, because the description of Nadtochii et al. (op. cit.) lacks a figure and
was inadequate. Judging from the morphological characteristics of an aspect
of bursa (especially, externo-dorsal rays and dorsal ray) and from the measure-
ments, Heligmosomum glomerophilus CHERTKOVA & TARzZHIMANOVA, 1973®
which was found in nodules of the mucous membrane of the small intestine
of Microtus arvalis (non-endemic host), is considered as a synonym of H.
travassosi.

2. Establishment of phylogenetic lines of Heligmosomoides

In order to systematize the species of the genus Heligmosomoides, the
author divided these species into five categories (probably, subgeneric levels)
and established phylogenetic lines of the known species belonging to the
genus Heligmosomoides, namely “travassosi-douglasi line”, “relic group”,
“laevis-carolinensis line”, “longicirratum-longispiculatus line” and ‘““polygyrus
line”. For this purpose the morphological characteristics and the zoogeo-
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graphical distribution of the parasites, and the phylogenetical data and the
zoogeographical movements of hosts were taken into consideration.

a) The travassosi-douglasi line

The species of this line are adapted principally to the cricetid rodents.
Therefore, the origin of this group seems to be ancient because these heligmo-
somids occur in the cricetid rodents which are considered to be an ancient
form of all vole type rodents.*® However, the ancestor of this line is obscure
because the members of this line show remarkable characteristics of the
number of ridges and the morphology of synlophe. The spicule is usual
in length, 0.4 mm~1.7 mm. The number of ridges is 30~34 and each
interval between ridges is very narrow (arrow in Fig. 1). Furthermore, there
is no gradient in the size of the ridges and each ridge is very small in size
(Figs. 1 & 2). The author considers that H. furgidus which has 32~36
aretes and has the morphological characteristics mentioned above, is also
descended secondarily from this line and is adapted to the genus Microtus.

2

Figures 1-2. Synlophe of the travassosi-douglasi line.
Fig. 1. Cross-section of H. travassosi (after Durette-Desset, 1973).
Fig. 2. Cross-section of Il. douglasi (after Durette-Desset, ¢t al., 1972).

AMER | CAN
HAMSTER GROUP

. Juvenus
vorkei

Y
douglasi “

A

travassosi
N
turgidus

extinction of

hetigmosomilds ? \ & ﬁ
MADAGASCARL /\}\
HAMSTER GROUP

Figure 3. Movement of cricetids and speciation of travassosi-douglasi
line (---> : adapted secondarily to non-cricetid hosts)
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b) The relic group

The species belonging to this group occur in North American moun-
tainous microtids (Phenacomys and Dicrostonyx) as relic species. The mor-
phological characteristics of the ridges and the bursal rays are variable and
specialized (Figs. 4-6), especially H. hudsoni and H. johnsoni®®%® lack
dorsal ridges and parasitize the cecum or colon.

Figures 4-6. Synlophe of the relic group.
Fig. 4. Cross-section of . polygyrus americanus (after Durette-Desset
ot al., 1972).
Fig. 5. Cross-section of H. johnsoni (after Rausch & Rausch, 1973).

Fig. 6. Cross-section of 1L hudsoni (after Durette-Desset, 1968 b).

The author considers the origin of this line also ancient and this line
is probably descended from the prototype of the ‘“‘laevis-carolinensis line”
because of the morphological characteristics {spicule length is usualy (0.9
mm~ 2.4 mm), wide interval between ridges (arrow in Fig. 5), size of ridges,
etc, the zoogeographical distribution (relic) and the host group (old microtid
group). The author suggests that H. polygyrus americanus, which was
reported by Durette-Desset et al.? from American Phenacomys, as Rausch
& Rausch®® proposed, also belongs to this line, judging from the form of
the ridges, the zoogeographical distribution and the host belonging to the
family Microtidae.

polygyrus
americanus

Johnsont

Figure 7. Speciation of the relic group.
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c) The laevis-carolinensis line

This line shows the typical (viz. non-specialized) and common char-
acteristics ; spicule length (0.6 mm~2.3 mm), wide or very wide intervals
between ridges (arrow in Fig. 9), well-developed ridges, etc. This line con-
tains many species occurring in parallel with the adaptive radiation of hosts.
Some species are adapted subsequently to non-microtid hosts, however, this
line shows adaptation principally to the microtid rodents, Microtus and
Clethrionomys.

The morphological characteristics of this line appears to be ancient
because of the ridges well-developed on the ventral side, gradual decrease
in number on the ventral side, viz. gradient in size of ridges from dorsal
side to ventral side bilaterally.?»%2® Probably, this line or its progenitor was

O
QO

12 13

Figures 8-13. Synlophe of the laevis-carolinensis line.

%\

<

Fig. 8. Cross-section of . laevis (after Durette-Desset, 1968 a).

Fig. 9. Cross-section of H. tatricus (after Durette-Desset & Tenora,
1974).

Fig. 10. Cross-section of H. protobullosus (Asakawa & Ohbayayshi,
1987).

Fig. 11. Cross-section of H. bullosus (after Durette-Desset, 1968 b).

Fig. 12. Cross-section of H. wisconsinensis (after Durette-Desset,
1968 b).

Fig. 13. Cross-section of H. desportesi (after Asakawa & Ohbayashi,
1986 ¢).
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Figures 14. Movement of microtids and speciation of lacvis-carolinensis
line (---): adapted secondarily to non-microtid hosts).

the progenitor of the other lines or group of Heligmosomoides and also
other genera (Ohbayashinema sensu stricto and Heligmosomum). Further-
more, the author also proposes that this line is the primary group having the
relationship between microtids and heligmosomids.

Some species of this line are adapted secondarily to the murid and
sciurid rodents, and H. desportesi subspp.”®¥ and H. ussuriensis*® occur in
these hosts (Fig .14).

d! The longicirratum-longispiculatus line

This line occurs in the recent microtid genera, Microtus and Lemmus.
This line is recently descended from the laevis-carolinensis line, showing
lengthening of the spicule and decreasing in size of the ventral ridges (espe-
cially, in H. kurilensis kobayashii, all ridges in mid- and/or posterior body
region gradually vanished and not obvious).® The spicule length is remarka-
bly long, 3.0 mm~4.0 mm. The number of ridges is 17 ~25 and the intervals
between ridges are wide (arrow in Fig. 17). All ridges are almost the same
in size (no gradient in size of ridges) and small (Figs. 15-18). H. kurilensis

I
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Figures 15-18. Synlophe of the longicirratum-longispiculatus line.
Fig. 15. Cross-section of H. simirnovae (after Durette-Desset et al., 1980).
Fig. 16. Cross-section of H. tenorai (after Durette-Desset, 1968 b).

Fig. 17. Cross-section of IL momtanus (after Durrete-Desset, 1968 b).
Fig. 18. Cross-section of H. kurilensis (after Asakawa & Ohbayashi, 1986 c).
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Figure 19. Movement of microtids and speciation of longicirratumlongispiculatus
line (---): adapted secondarily to non-microtid hosts).

subspp.>®4 are adapted secondarily to the genus Apodemus (Muridae)
(Fig. 19).

e) The polygyrus line

The line shows perfect adaptation to the murid genera, Apodemus and
Mus. The spicule length is very short, 0.5 mm in length. The number of
ridges is 28~40 and the intervals between ridges are very narrow (arrow
in Fig. 21). There is no gradient in the size of ridges, and the ridges are
the same in size and small (Figs. 20 & 21). The origin of this line appears
to be most recent among all lines, since this line appeared after the occur-
rence of the murid rodents (It is proposed that the murids diversified from
its progenitor in the Miocene to the Pliocene in Southeast Asia).®4 How-
ever, the ancestor of this line remains unclear, though this line seems to be
descended from the “laevis-carolinensis line” because the murids generated
in the Old World.

The morphological characteristics of ridges of the “travassosi-douglasi
line” is similar to those of the ridges of this line (especially, size of ridges
and intervals between ridges). However, the author considers that this
similarity is a result from the parallelism (viz. each line was descended
independently from the laevis-carolinensis line?) because the hosts groups

20 21

Figures 20-21. Synlophs of the polygyrus line.
Fig. 20. Cross-section of H. polygyrus bakeri (after Hasegawa ¢t al., 1983).

Fig. 21. Cross-section of Il. ncopolygyrus (after Asakawa & Ohbayashi,
1986 ¢).
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Figure 22. Movement of murids (---)) and speciation of polygyrus line (—).

could not encounter each other.

The house mouse, Mus musculus, appears to have had many opportuni-
ties for movement due to human activities. Hence, the author considers that
the occurrence of H. polygyrus in North America? and in Japan®® is the
artifacts derived from the such activities. Therefore, it appears to be difficult
to discuss the precise zoogeographical consideration of H. polygyrus occurring
in such regions.

3. Phylogenetic problems in Heligmosomoides and other
genera of Heligmosomidae

Durette-Desset®?2 proposed that the family Heligmosomidae arose in
soricoid insectivores and its evolution continued in the ground squirrels and
lagomorphs and later the family passed to the Arvicolidae (=Microtidae) and
the genera Heligmosomoides and Heligmosomum occurred in the Pliocene.
Her hyporthesis was based on the hypotheses by Kowalski® and Thalert?
that the microtid rodents arose from the cricetid line near at the end of
the Pliocene.

However, Hinton®® clarified that the microtids arose in the Oligocene
and that the explosive speciation of this group occurred in Mongolia during
the Pliocene.®#® Therefore, the author considers that the geological period
in which the genus Heligmosomoides appeared was probably prior to the
epoch of Dusette-Desset’s hypothesis.??? If the Oligocene theory is correct,
the author has to postulate that the phylogenetic origin of the known
species belonging to the genus Heligmosomoides is not monophyllic as pro-
posed as it arose from H. laevis, but is polyphylic (at species level), since
the genus can be divided into several morphological (and/or probably, phylo-
genetical) lines as mentioned above. This speculation might elucidate the
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origin of the travassosi-douglasi line, which occurs specifically in the criceted
rodents (their origin prior to the microtids) and the morphological variety of
the relic group.

Ohbayashinema abei is a very interesting taxon. This species is
a parasite of the northern pika, Ochotona hyperborea, Japan, reported by
Fukumoto et al.3¥ O. abei is similar to the members of laevis-carolinensis
line and different from another species of the genus Ohbayashinema Durette-
Desset, 1974, because in O. abei: 1) gradient in size of ridges from dorsal
side to ventral side bilaterally, 2) number of aretes 12~14, 3) spicule length
0.9 mm~1.4 mm. However, judging from absence of bilateral ridges and the
host (Ochotona: Lagomorpha), O. abei accorded partly with the genus
Ohbayashinema. Fukumoto et al® concluded that “the genus Ohbayashi-
nema might be the direct ancestor of the genus Heligmosomoides because
O. abei is the taxon which is located between the genus Heligmosomoides
and the genus Ohbayashinema”. The present author, however, considers
that O. abei was diversified from the progenitor of the “laevis-carolinensis
line”. And a taxon closely related with O. abei corresponded to the pro-
genitor of the genus Ohbayashinema sensu stricto because the present author
obeys the rule that the present taxon should not be descended from other
taxon at present.

The genus Heligmosomum occurs only in the microtid rodents, especially
the genera Clethrionomys, Eothenomys and Microtus.® It can be considered
that the parallel evolution (or co-speciation) occurred in the Heligmosomum
during the speciation of heligmosomid species and microtid rodents.?8:20:3:46
The species of Heligmosomum have the oblique ridges on the body. How-
ever, this group seems to be descended from the progenitor of the “laevis-
carolinensis line” of Heligmosomoides, and adapted, and highly specialized, to
the microtids. 2% The phylogenetic relationships between the heligmosomids

genus Heligmosomoides genus Heligmosomoides

Iravassosi = laevisem , longicirrabunm genus
douglasi polygyrus relic  carolinensis Renus longispiculalus
line line group line Ohbayashinema line

Heligmosomum

MIOCENE
OLIGOC] £
microtids
(murids)
(lagomorphs

T £ :

A microtids

Figure 23. A phylogenetic tree showing phylogenetic relationships between
Heligmosomoides and other heligmosomoid groups.
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mentioned above and the phylogenetic tree of the lines of Heligmosomoides
are shown in fig. 23. However, hitherto, there are no taxa locating between
the laevis-carolinensis line and a part of the other lines (¢travassosi-douglasi
line and polygylus line) or the sciurid heligmosomids (genera Citellinema
and Citellinoides) which were proposed as the progenitors of Heligmoso-
motdes by Durette-Desset.22® The author can not determine all of the
ancestors of the genus Heligmosomoides sensu lato.

Summary

In order to systematize the species belonging to the genus Heligmoso-
moides, which has been confused taxonomically, the author divided these
species into five categories (probably, subgenus level) with regard to the
morphological characteristics (spicule length, number of ridges, intervals
between ridges, etc.), zoogeographical distribution of the heligmosomids, and
the phylogenetic data and the zoogeographical movements of hosts.

1) The travassosi-douglasi line (five species), which is adapted to cricetid
rodents. The origin of this line appears to be ancient, but no exact conclu-
sion can be settled yet. 2) The relic group (three species) which occurs in
North American mountainous microtids (Phenacomys and Dicrostonyx). The
morphological characteristics of ridges and bursal rays are variable, but this
group was descended from the “laevis-carolinensis line”. This line has a
common spicules and wide intervals between ridges. 3) The lacvis-carolin-
ensis line (twelve species and five subspecies) is adapted principally to the
microtids (Microtus and Clethrionomys) and has the “typical (=non-special-
ized)” morphological characteristics. This line or its progenitor appears to
be the progenitor of the some lines and group belonging to Heligmosomoides
and additional genera (Ohbayashinema and Heligmosomum). 4) The longi-
cirratum-longispiculatus line (six species and two subspecies) is characterized
by remarkably long and specialized spicules (3.0 mm~4.0 mm) and is adapted
to the microtids (Microtus and Lemmus). This line arose from the lacvis-
carolinensis line with the diminution of ventral ridges and lengthening of
spicules. 5) The polygyrus line (two species and three species) is adapted
perfectly to the murids (Mus and Apodemus). This line occurred recently
but the origin is obscure. The parallelism occurred in the morphological
characteristics of the ridges (especially, narrow intervals between ridges and
small size) between the “¢ravassosi-douglasi line” and the “polygylus line”.

Judging from the geological epoch of the origin of microtids (Oligocene),
Heligmosomoides appeared also in the Oligocene prior to the epoch proposed
by Durette-Desset.??2 Furthermore, the author postulated that the phylo-
genetic origin of the species of Heligmosomoides sensu stricto is not “mon-
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ophyly”, but is the “polyphyly” at species level with some individual phylo-
genetic lines.

Key words: Evolution, Morphology, Taxonomy, Heligmosomoides,
Phylogenetic line
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NOTE ADDED

The author considered that the recently reported taxon, Heligmosomoides thomomyos
Gardner & Jasmer, 1983 (after Proc. Helminthol. Soc. Wash., 52: 278-284), belongs to
the longicirratum-longispiculatus line because of the spicule length (3.42 mm-3.73 mm) and
the morphological type of synlophe, although this taxon parasitized pocket gophers
(Thomomys: Geomyidae) and had the complex dorsal ray. Probably, the progenitor of
H. thomomyos was a taxon of the longicirratum-longispiculatus line of microtids which
occupy the same habitat as geomyids in North America, and, as Gardner & Jasmer
proposed, the progenitor was adapted secondarily to the geomyid host in a recent

geological period (Pleistocene).
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