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ARTHROPODS AS INTERMEDIATE HOSTS OF
HELMINTHS

By MAURICE C. HALL,
CHIEF, ZOOLOGICAL DIVISION, BUREAU OF ANIMAL INDUSTRY,

U. S. DEPARTMENT OF AGRICULTURE

INTRODUCTION

The phylum Arthropoda contains numerous forms which serve as

intermediate hosts of many parasitic worms, including nematodes,

acanthocephalids, flukes, and tapeworms. This fact follows naturally

from the fact that the arthropods are an exceedingly large group of

animals, including the ubiquitous insects and the numerous and widely

distributed crustaceans. It also follows from the fact that these arthro-

pods constitute the food supply, wholly or in part, for so many higher

animals, especially for such forms as fish, many amphibians, some

reptiles, numerous birds, and some mammals. To a lesser extent it

follows from the fact that in feeding on various plants the higher

animals are certain to swallow the arthropods habitually present on or

in these plants. It follows from the fact that many insects feed on or

breed in manure and consequently are exposed to infection from the

eggs or larvae of worms parasitic in the hosts responsible for the

manure. Last, but not least, the importance of arthropods as inter-

mediate hosts of parasitic worms follows from the fact that large

numbers of anthropods, especially the innumerable biting insects,

whether transient or permanent ectoparasites, feed on blood and so

serve as intermediate hosts of worms which have larval stages living

in the blood of vertebrates.

The worm parasites may be classified from one point of view as

monoxenous or heteroxenous. The monoxenous worms have life

histories in which the worms pass from one host animal to a similar

host animal without the intervention of an intermediate host. The

heteroxenous worms have life histories in which in most cases the

worms pass from mature stages in one host animal to larval stages in a

host animal of a dififerent sort, the intermediate host, and then return

to a host animal of the first sort or a more or less closely related

species and develop in this animal to maturity. In some instances two

intermediate hosts are utilized in sequence for larval stages.
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Of the four worm groups named, the cestodes are ahnost exchi-

sively heteroxenous. We have the rare exception of Hymenolepis

nana of the rat, which develops as an adult in the small intestine of

the rat, produces eggs which pass out in the feces and by contamina-

tion of the rat's food infects the rat with the larval stage of the

tapeworm, a small cysticercoid which develops in an intestinal villus

of the rat, and which then returns to the lumen of the intestine to

become an adult worm, the rat serving as both the primary and the

intermediate host for the worm. Even in this case it has been claimed

that rat fleas may act as intermediate hosts, but this has not yet been

confirmed. This may be one of those cases in which a parasite can

use an intermediate host or do without it. We seem to have similar

cases in such parasites as the common gape-worm of poultry which

can utilize the earthworm as an intermediate host or can infect

chickens directly, and the blackhead organism which can use the

cecum worm as an intermediate host or can infect turkeys directly.

In the great majority of cases, the tapeworm is adult in an animal

which eats the intermediate host animal and thereby becomes infested

with the adult worm as the larval worm from the intermediate host

comes to maturity in the primary host. In some of the bothriocepha-

lids, in cases in which the life histories are well known, the eggs of

the adult tapeworms present in the primary host, a higher vertebrate,

hatch on entering water, infect such small animals as the copepods,

and develop in the body cavity of these first intermediate hosts to an

early larval stage, the procercoid. When such infested entomostracans

are eaten by such intennediate hosts as fish, the procercoid undergoes

further development and becomes a plerocercoid in the flesh of the

fish. When infested fish are eaten by a suitable higher vertebrate, such

as a human being or dog, the plerocercoid develops to the adult tape-

worm in the small intestine of this host.

Among the flukes we have one large group, the Monogenea, which

are usually ectoparasitic, mostly on fish, but sometimes endoparasitic,

as in the respiratory tract of turtles or the urinary bladder of amphib-

ians, and these flukes are monoxenous, developing without an inter-

mediate host ; another large group, the Digenea, are regularly

endoparasitic and are heteroxenous. The digenetic flukes occurring in

vertebrates produce eggs which pass out in the feces or urine and

hatch after entering water. Usually the newly hatched worm (miracid-

ium) attacks a mollusk host and develops in this host to the stage

known as a cercaria. It may now be eaten by its primary host, or may
escape and encyst in water or on vegetation and be swallowed by its

primary host, developing in either case to an adult worm, or it may
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enter a second intermediate host, an aquatic arthropod or a small fish,

and encyst in this host. When such a second intermediate host is

eaten by a primary host, the fluke develops to maturity in the new
host.

Among the nematodes we have several groups which are usually

monoxenous, although some of the ascarids, belonging to a super-

family, the Ascaroidea, which is ordinarily monoxenous, may be

heteroxenous, as in the case of a seal ascarid having a larval stage

encysted in fish. One large and important group, the Filariata,

composed of two superfamilies, the Filarioidea and the Spiruroidea,

is a heteroxenous group with larvae developing in blood-sucking

arthropods or in arthropods which feed in some stage of development

on the feces of the primary host or on food contaminated with these

feces.

Among the acanthocephalids we 'know of the occurrence of inter-

mediate hosts, but for the most part we must assume that this is the

rule, as very few life histories are known in this group. In the known

cases the worm eggs passing from the primary host infect secondary

hosts, develop to a larva and infect primary hosts when these eat

infected secondary hosts, or else re-encyst in another intermediate

host and infect the primary host when it eats the second intermediate

host.

The lists of heteroxenous worms and their arthropod hosts, given

in this paper, are the most complete of those published and the omis-

sions are probably few. The lists for certain groups have been com-

piled from time to time, some of the more important and more recent

being those of Joyeux (1920), Ransom (1921), \'^an Zwaluwenburg

(1928), Seurat (1916, 1919), MacGregor (1917), and Henninger

(1928), and, of course, the indispensable catalogues of Stiles and

Hassall, but no previous paper has attempted to cover all the arthro-

pod hosts of the parasitic worms of vertebrates. On the basis of the

lists given here this paper includes a consideration of the general facts

and of the broad principles which may be derived from a correlation

of these facts. While it will serve as a reference for the trained

scientist in the groups involved, its principal value will be as a ref-

erence and guide to the younger worker and student and to the man

who works in places remote from adequate library facilities and the

specialized literature on arthropods or parasitic worms. The subject

of the paper excludes from consideration the worms which have

arthropods as primary hosts, and the arthropods which are inter-

mediate hosts for Protozoa or animal parasites other than the worm
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groups occurring as parasites in vertebrates. The intermediate arthro-

pod hosts are Hsted here as completely as possible ; the primary host

list is frequently abbreviated to only representatives of groups.

In the lists arranged on a basis of parasite groups the names of

hosts are given as they are found in the literature, regardless of spell-

ing, synonymy, recognizable status, or validity. This is to enable the

reader to trace the records if desired. In the final lists, arranged on

a basis of intermediate host groups, the parasites are listed under the

valid names of their arthropod hosts as far as possible. Synonyms of

host names are indicated as synonyms, but names which cannot be

recognized as valid or synonyms are retained. The insect host names

have been checked by Dr. E. A. Chapin and the late Dr. H. G. Dyar

of the Federal Bureau of Entomology through the courtesy of Mr.

Harold Morrison, Chief of the Division of Taxonomy, and the crus-

tacean host names have been checked by Dr. Waldo Schmitt of the

U. S. National Museum, and I wish to acknowledge my indebtedness

to these workers for their assistance.

ARTHROPODS AS INTERMEDIATE HOSTS OF CESTODES

The known number of arthropods acting as intermediate hosts for

tapeworms is so small that this subject can be covered rather compre-

hensively. At the same time, one must generalize here as elsewhere

rather carefully, since we know the life histories of only about i per

cent of the known tapeworms. In addition to arthropods, the inter-

mediate hosts of tapeworms include mammals, birds, reptiles, am-

phibia, fish, mollusks, annelids, and other animals. In all probability

many worms now known only as having one intermediate host will be

found to require two successive intermediate hosts. The following

list will show the tapeworms, their primary hosts, and their inter-

mediate hosts, for such tapeworms as have arthropods as intermediate

hosts.

ANOPLOCEPHALIDAE

It is Still true that the life histories of the anoplocephaline tape-

worms are unknown. The larval cestode which has been reported from

Aphodiiis obscurus and tentatively referred to Cittotaenia marmotae

has not been definitely coupled with that worm by the test of success-

ful feeding experiments, and the record is of value primarily as a

possible clue to solving the unknown life histories in this group.
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HYMENOLEPIDIDAE

The hymcnolepicl tapeworms are predominantly parasitic in birds,

the above Hst of species with known life histories including 22 species

in birds and only 6 in mammals. An inspection of the intermediate

hosts for hymenolepids in mammals shows that they include members

of the Coleoptera, the Siphonaptera, the Mallophaga, Lepidoptera,

Dermaptera and the Myriapoda, of which the Coleoptera seem at

this time to be somewhat the more important. In the case of one

tapeworm, Hymenolepis diminuta, members of all the groups named,

with the exception of the Mallophaga, can function as intermediate

hosts, but such a wide range of intermediate hosts is rather unusual.

In no case does the intermediate host appear to depend primarily

for its function as host on a role as food for the primary host, but

rather on the chance of being swallowed accidentally as a contam-

inating element in food, or occasionally on the fact that such primary

hosts as dogs will root out and swallow the fieas which are annoying

them. Of the 3 species of hymenolepids infesting man, all are par-

ticularly likely to occur in children, largely because children are less

careful in their food habits and in matters of personal cleanliness,

and are more disposed to be intimate with such tapeworm hosts as

dogs and cats.

When we consider the hymenolepid tapeworms of birds, the case is

somewhat clearer as to the predominance of certain arthropod groups

as intermediate hosts and the reason for this predominance. The

Entomostraca, especially the Copepoda, are very decidedly the pre-

dominant group of intermediate hosts known at present for hymeno-

lepids in birds. The birds in these cases with entomostracan hosts are

practically all members of the Anseriformes and the role of inter-

mediate host in these cases is clearly also that of food for the primary

host. The exceptional cases, such as that of the green pigeon as a host

for Hymenolepis gracilis, or the chicken as a host for Fimhriaria

fasciolaris, must be explained as probably due to accidental swallowing

of an intermediate host. One can say from the available facts that the

intermediate host of a hymenolepid in anseriform birds should be

sought among the Entomostraca and that the chance of entomostra-

cans being the intermediate hosts is very great. The one case of a

malacostracan, Potamohius astacus, as a host of a hymenolepid,

Hymenolepis collaris. occurring in anseriform birds is regarded by

Railliet as doubtful, and in general the larger Crustacea are not yet

incriminated as intermediate hosts of avian tapeworms.
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As regards hymenolepid tapeworms occurring in the Galliformes,

the intermediate hosts shift naturally to the insects, the Coleoptera

and Diptera standing close together in importance at this time. The

reports to date indicate that at least two tapeworms, Hymenolcpis

carioca and Choanotaenia infundihulum, can utilize members of both

of these insect groups as intermediate hosts, and that the beetle host

of C. infundibulmn will also' serve as a host of H. serpentulus, the lat-

ter usually a parasite of passeriform birds. The role of these insects

as intermediate hosts of tapeworms of galliform and passeriform

birds follows from their role as food for these birds and from the fact

that the beetles feed on excrement and the stable flies breed in straw

which is readily contaminated with excrement. Aside from anthropods,

the intermediate hosts of hymenolepids include such forms as earth-

worms and leeches.

Stafford (1927) reports in a preliminary note that a number of

American amphibious insects serve as intermediate hosts for various

flukes and for hymenolepid tapeworms. The record of these tape-

worms in more definite form has not yet come to the attention of

the present writer.

DAVAINIIDAE

The known life histories of tapeworms of the Davainiidae cover

forms parasitic in birds and incriminate flies as intermediate hosts,

the common house fly being reported as the host for Davahiea tetra-

gona and D. cesticillus. The possible role of ants and grasshoppers

as intermediate hosts for D. friedhergeri is noted in the literature but

has only the value of a surmise and has not been included in the list

of hosts. Diptera would appear to be especially promising among the

arthropods as intermediate hosts of davainid tapeworms, but these

worms also utilize such intermediate hosts as snails and slugs, aside

from arthropods, and the total number of known life histories does

not warrant much generalization.

AMABILIIDAE

The only known life history for a tapeworm belonging in the Ama-
hiliidae is that for Tatria acanthorhyncha, and this involves the

Odonata or dragonflies as intermediate hosts. The only genera other

than Tatria assigned to this family by Ransom are Amabilia and

Schistotaenia, but until we have more information as to life histories

we cannot assume that the Odonata have special importance as inter-

mediate hosts in this family. In the one known life history, the dragon-
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fly evidently plays the role of host for the tapeworm and food for the

ralliform bird host.

PROTEOCEPHALIDAE

So far as final hosts and intermediate hosts are known, the cope-

pods are outstandingly important as intermediate hosts of proteo-

cephalid tapeworms in fish, the Cladocera serving as hosts in only one

case. Apparently these tapeworms form a procercoid in the entomos-

tracan host, and this develops to a second larval stage in small fish or

other suitable hosts, and then to an adult when this second inter-

mediate host is eaten by a suitable primary host.

DIPHYLLOBOTHRIIDAE

In the Diphyllobothriidae we have tapeworms in which the life

history sometimes, though apparently not always, involves two inter-

mediate hosts. For the known cases, the first intermediate host is

always an entomostracan and the second intermediate host is a fish.

The known entomostracan hosts are copepods. Since the role of

intermediate host played by entomostracans in these life cycles is

evidently based on the role of Entomostraca as fish food, it is obvious

that the Entomostraca would be first choice as intermediate hosts of

diphyllobothrids in a search for the first host, and the copepods

would be first choice among the Entomostraca.

RHYNCHOBOTHRIIDAE "

The life history is known for only one species of rhynchobothrid

tapeworm, and in this case decapod crustaceans serve as intermediate

hosts. Additional data are needed before one could safely generalize

in regard to the intermediate hosts of tapeworms of the family Rhyn-

chobothriidae.

ARTHROPODS AS INTERMEDIATE HOSTS OF TREMATODES

The following list will serve as a basis on which to draw some

conclusions as to the role of arthropods as intermediate hosts of

trematodes. In assigning flukes to various families, the writer has

followed various authorities as there is considerable disagreement in

regard to the taxonomy of fluke groups, and the arrangement used

will not meet with anything like unanimous approval. It is only

intended to serve as a tentative basis for a discussion within the scope

of this paper.
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All analysis of the records given shows the following:

PLAGIORCHIIDAE

In the Plagiorchiidae we have a group of flukes which have a wide

range of intermediate hosts, including the insect groups Odonata,

Diptera, Trichoptera, Plecoptera, Ephemerida, and Coleoptera, and

the crustacean groups, Decapoda and Amphipoda. This range of

intermediate hosts is associated with the range of primary hosts,

which include fish, amphibians, and birds. Considered on the basis of

primary hosts, the plagiorchids in birds utilize Odonata as inter-

mediate hosts, those in fish use the Diptera, Odonata, Trichoptera,

Plecoptera and Decapoda ; while those in frogs use the Odonata, Tri-

choptera, Coleoptera, Ephemerida, Plecoptera, and Amphipoda. The

Trichoptera and the Odonata appear to be the most important inter-

mediate hosts.

LECITHODENDRIIDAE

In the Lecithodendriidae the insects serve as intermediate hosts and

they include the Plecoptera, Ephemerida, Coleoptera, Diptera, Tri-

choptera, Odonata and " amphibious insects." The frog flukes of

this family use Odonata and Coleoptera as intermediate hosts; the

bat flukes use Plecoptera, Ephemerida, Diptera, and Trichoptera.

Here also the insects have the double role of intermediate host for the

fluke and of food for the primary host.

OPISTHORCHIIDAE

In the Opisthorchiidae, insects, specified by Stafford (1927), as

amphibious insects, are the only reported hosts. Since this is a large

family with a wide range of hosts, little of a general nature could be

concluded from the foregoing.

ALLOCREADIIDAE

In the Allocreadiidae, parasitic for the most part in fish, the inter-

mediate hosts include Ephemerida, Trichoptera, Diptera, and Deca-

poda, the more important being the Ephemerida and the Decapoda.

The intermediate hosts probably serve as such by virtue of their role

as food for fish. The record for Asfacotrema cirrigerum of a bird as

primary host is found in a footnote reference based apparently on

correspondence and lacks evidence or detail.
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GORGODERIDAE

In the Gorgoderidae, commonly parasitic in frogs, the intermediate

hosts known at present are mostly Odonata, the role of intermediate

host here being combined with the role of food for frogs. One of the

Decapoda, a crayfish, is the host for a gorgoderid parasitic in fish.

HALIPEGIDAE

In the Halipegidae, the only reported life history involves the

Odonata as intermediate hosts, the primary hosts here being frogs.

TROGLOTREMATIDAE

In the Troglotrematidae the only known life history, that of the

human lung fluke, involves several species of decapods, crabs being

known hosts and crayfish probable hosts.

HEMIURIDAE

In the Hemiuridae, which are fish parasites, all known intermediate

hosts are crustaceans, those for two flukes being copepods and those

for one fluke being decapods.

DICROCOELIIDAE

The one dicrocoelid with a known life history utilizes an amphipod

as an intermediate host, the primary hosts being fish.

BRACHYCOELIIDAE

The one brachycoelid with a known life history has a trichopteran

as an intermediate host, the primary hosts being amphibians.

FAMILY UNCERTAIN

The three flukes of uncertain relationship for which we know
primary as well as secondary hosts, and not merely secondary hosts for

larval stages, all have carnivores as primary hosts and crabs as sec-

ondary hosts.

ARTHROPODS AS INTERMEDIATE HOSTS OF
NEMATODES

In listing the nematodes having intermediate stages in arthropods,

no attention has been paid to nematodes listed only as nematodes

without reference to whether the nematodes were mature or immature.

Nematodes occurring consistently as larvae in insects may be the
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larvae of worms which will develop to maturity on reaching a suitable

host, although larval nematodes specified as such with no further

discussion may be the larvae of such worms as the mermithids which
will develop to maturity as free-living forms. In this paper the

mermithids and gordians are not considered, as they are not regarded

as true parasites of vertebrates in the scope of treatment of that sub-

ject as limited here. The gordians may parasitize immature frogs in

the course of development of the worms, but this topic is disregarded

here owing to a lack of space for its consideration.

All records which are merely surmises to the effect that a certain

arthropod is the intermediate host of some nematode are likewise

disregarded. Such surmises have their value in directing exploratory

research, but for the purpose of analyzing existing records to obtain

valid data they are worthless. There is sufficient uncertainty in con-

nection with a number of existing records to introduce certain ele-

ments of possible error as it is.

The following list covers the important cases of arthropod hosts

for nematodes. The worms involved fall in the Filariata or Filarida

and most of them fall in the superfamihes Spiruroidea and Filarioidea,

two closely related superfamilies which are markedly heteroxenous

and hence in sharp contrast with most of the other nematode groups

which are usually monoxenous. In the exceptional cases in which

members of other superfamilies utilize intermediate hosts, the hosts

are never arthropods so far as the writer is aware, but are such forms

as fish or earthworms.

SPIRURIDAE

As intermediate hosts of nematodes of the Spiruridae, which is

made up predominantly of mammalian parasites and to a lesser

extent of bird parasites, the Coleoptera are of outstanding importance.

In this family the common mode of transmission of the larval worm

to the primary host is by means of the ingestion of the secondary host,

either as a deliberate act of eating or because of the more or less

accidental presence of the secondary host in the food of the pri-

mary host. In general, dogs, sheep, cattle and horses cannot be called

insectivorous animals, but the presence of beetles in their customary

food seems to be sufficiently common to enable various spirurid

parasites of these animals to maintain themselves with the aid of

these beetle hosts. It is evident that some of the spirurids utilizing

beetle hosts may have alternative life histories which are more compli-

cated than the mere infection of the beetle host by means of infective

worm eggs and the infection of the primary host as a result of swal-

lowing infected beetles. Thus Seurat has shown that Physocephalus
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sexalatus, a spirurid parasite not uncommon in the stomachs of swine

and peccaries, will develop to an infective third-stage larva in its

beetle host, and when these beetles are fed to some unusual host, such

as rodents, birds, or even cold-blooded animals, the larval worm will

re-encyst as a third-stage larva in the unusual host; but if the infected

unusual host is fed to a suitable primary host, the larva will continue

its development to maturity. How extensive this device is we do not

know, but it may prove to be a common means of transmitting the

spirurid worms of rapacious birds, as Cram has suggested, the spiru-

rids of these birds producing eggs which infect some arthropod host,

such as a beetle, the beetle being eaten by a small mammal, bird,

amphibian or reptile, which is infected in turn with the third-stage

larva, and tlje bird of prey eating these animals and becoming infested

with the adult worms. The investigation of these life histories is a

thing on which the mammalogist, the ornithologist, the herpetologist,

the entomologist and the parasitologist might collaborate to great'

advantage, and the results might show some very interesting and

surprising biological interrelationships.

As intermediate hosts of spirurids, the Orthoptera are also of some

importance. The arthropods in question are all cockroaches, and they

are probably of special importance as intermediate hosts for parasites

of such rodents as rats and mice. These rodents seem to eat

cockroaches with dependal^le certainty, and the association of rats,

mice and roaches in the household provides a suitable and, so to speak,

natural combination of factors for the benefit of these spirurids. On
the other hand, the development of spirurid parasites of sheep, cattle

and horses in cockroaches inust be regarded as a case in which the

roach merely serves as a host for a worm which cannot depend on

such a host for its transmission, but which is capable of developing

in that host as a case of accidental parasitism. In this connection it

may be noted that roaches will serve as intermediate hosts for so many

worms in this way that these insects make excellent experiment ani-

mals for carrying out life-history experiments in the laboratory. The

plentiful supply of these insects in winter, a thing so unfortunate

from some points of view, is a fortunate thing for the parasitologist

who obtains interesting worms in winter at a time when other insects

are scarce, and wishes to carry out feeding experiments on some

insect.

The Diptera appear as intermediate hosts of spirurids with 14

species serving as hosts for 3 known species of spirurids, all species

of the genus Hahroneina and all parasitic in horses and other mem-

bers of the Equidae. This association obviously depends in part on the

importance of the manure of horses and other Equidae as a breeding
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place for Diptera. The transmission of the worm from the fly to

the horse appears to present several compHcations. It was surmised by

Ransom that horses might swallow flies which had fallen in drinking

troughs or were benumbed in feed troughs on cold mornings. Sub-

sequent work has indicated that the worms may escape from the

proboscis of flies as they feed on the moist lips of horses, and pre-

sumably these worms may get to the stomach and develop to adult

worms. However, if the fly feeds on the conjunctiva of the eye the

larval worms may escape to the eye, remaining there as larvae and

causing a habronemic conjunctivitis. If the fly feeds on a wound, the

worms may escape and remain in the wound as larvae, causing " sum-

mer sores " or cutaneous habronemiasis. Finally, the worms may be

found as larvae in the lungs, causing pulmonary habronemiasis, but

the precise method of infection here remains to be ascertained. These

cases illustrate the fact that there are numerous deviations from the

cut-and-dried rule that intermediate hosts either transmit worms by

being eaten by the primary host, or else transmit the worms by biting

the primary host.

One member of the Siphonaptera occurs as a somewhat doubtful

host of a rat spirurid, Protospiriira nmris, but the case for this should

be developed by feeding experiments.

The one bird nematode of the family Spiruridae having a known
life history is Hartcrtia galUnarum, and this worm utilizes a termite

as its intermediate host, the host here serving as food for chickens

which devour them with great eagerness.

THELAZIIDAE

In the Thelaziidae, we have a member of the Orthoptera, the

roach Pycnoscelis surhiamensis, serving as the intermediate host of

the chicken eyeworm, Oxyspirura mansoni, and also for the somewhat

dubious species, O. parvovum, distinguished from O. rnavsoni only by

the smaller size of the egg. This life history was worked out by

Fielding in Australia and somewhat later, but independently, by

Sanders in Florida in the United States. At present the eyeworm,

0. mansoni, appears to be confined in the United States to Florida,

so far as our records show, but the intermediate host now has a much
wider range in this country and unless measures are taken to stamp

out the worm in Florida we can confidently expect it to spread beyond

the confines of that state. The movements of the infected primary

and secondary hosts by the swift methods of modern transportation

over wide areas can hardly fail to ensure this result. [Since the above

was written, the eyeworm has been found outside of Florida in this

country.]
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ACUARIIDAE

In the A> uariidae, we are dealing with bird parasites. Of the two

worm species involved, one is a parasite of water birds, Anseriformes,

and it is not surprising to find that this worm, Echimiria uncinata,

uses Cladocera as its intermediate hosts, the one known intermediate

host being Daphnia pulex. The other worm is a parasite of land

birds, Galliformes and Columbi formes, and utilizes an isopod, Por-

cellio laevis. [Cram has since found grasshoppers to be intermediate

hosts for Acuariidae of terrestrial birds.]

TETRAMERIDAE

In the Tetrameridae we are again dealing with bird parasites, and

here again the intermediate hosts are Entomostraca, a cladoceran,

Daphnia pulex, and an amphipod, Gamnmrus pulex. The one worm

for which we know the life history, Tetrameres Ussispim, is usually

and normally a parasite of water birds, Anseriformes, and its occur-

rence in land birds must be regarded as following from the accidental

swallowing of the infected entomostracans while drinking, whereas

in water birds we are dealing with a dependable arrangement, from

the standpoint of the parasite, based on Entomostraca in the double

role of food for the primary host and of secondary host for the

worm. [Cram has recently found grasshoppers serving as inter-

mediate host of tetramerids of terrestrial birds.]

CUCULLANIDAE

For the one cucullanid with a known life history, a f^sh nematode,

copepods and aquatic isopods serve as intermediate hosts, the hosts

also serving as food for fish.

CAMALLANIDAE

For the two camallanids with known life histories, one a f^sh

nematode and one a turtle nematode, copepods are hosts for both and

dragonflies also serve as hosts for one. These hosts are also food for

the primary hosts.

HEDRURIDAE

Of two species of hedrurids, parasitic in reptiles, amphibians and

fish, one uses aquatic isopods and one amphipods as mtermediate

hosts. . .

The foregoing families are regarded by many parasitologists as

part of the superfamily Spiruroidea, and in this superfamily the life

history is usually one in which the transfer of the larval nematode to

the primary host is accomplished when this host swallows the sec-

4

h;:^
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oiidary host, either as food or accidentally, such apparent exceptions

as in the case of Habronema being the unusual thing. We now take

up a group of worms which all fall in the family Filariidae, regarded

by those who recognize the superfamily Spiruroidea as described

above, as being part of the superfamily Filarioidea, the two super-

families being grouped on their affinities as the Filariata.

FILARIIDAE

In the Filariidae the customary mode of transmission of the worm
is by the bite of the secondary host, this host becoming infected when
it bites an infested primary host and in turn infecting a primary host

by biting it after an interval in which the worm develops to the in-

fective stage in the secondary host. It is to be expected, then, that

the biting Diptera will show up prominently in this list of intermediate

hosts, and we find a long list of such hosts recorded as transmitting

numerous species of filarid worms. Here we have a number of im-

portant worm parasites of man and dogs, including such filarids as

Wuchereria hancrofti and Loa loa of man, and the heart worm,

Dirofilaria immitis, a serious j^est of dogs in the hunting field.

Mosquitoes take first place in this group of Diptera, many species

transmitting W. hancrofti and D. immitis, while the tabanids, espe-

cially Chrysops spp., function for Loa loa.

The Siphonaptera, Mallophaga, Anopleura, and Arachnida are all

charged with the transmission of filarid worms.

DRACUNCULIDAE

In the peculiar genus Dracunculus. including the guinea worm of

man, D. medinensis, the worms usually infest superficial body parts

of the primary host, and when these come in contact with water, the

worms release large numbers of embryos, some of which are swal-

lowed by copepods. The larval worms develop in these hosts to the

infective stage and when these hosts are swallowed by suitable pri-

mary hosts the worms develop to maturity.

ARTHROPODS AS INTERMEDIATE HOSTS OF
ACANTHOCEPHALIDS

The acanthocephalids quite generally utilize at least one inter-

mediate host, and sometimes two such hosts, the second one a fish,

amphibian, or bird in some cases, in their life history. These first

intermediate hosts are sometimes snails or leeches, but in most of the

reported cases the first intermediate host is an arthropod. The follow-

ing list shows the reported hosts for the species having known life

histories

:
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An inspection of the tables indicates, first of all, that we have but

limited knowledge of the life histories of acanthocephalids in any-

one family, and that it will not be possible to generalize to any great

extent on such limited data. What may be said is as follows

:

NEOECHINORHYNCHIDAE

In the Neoechinorhynchidae we know the life history of one

acanthocephalid, a parasite occurring in a large number of fish and

in some reptiles and amphibians, and the known intermediate hosts

are species of Siulis, one an unrecognized species, in the Neuroptera,

other hosts being leeches and snails.

GIGANTORHYNCHIDAE

In the Gigantorhynchidae we again have only one known life

history. In this case the echinorhynch occurs as an adult in mammals

of various groups, including primates, carnivores, and insectivores,

and has a species of Blaps, a coleopteron, as an intermediate host.

OLIGACANTHORHYNCHIDAE

In the Oligacanthorhynchidae we again have one acanthocephalid

with a known life history, the well-known thorn-headed worm of

swine, occurring in such animals as swine, carnivores, and man and

other primates. This worm has a number of species of scarabaeid

beetles as its intermediate hosts.

CORYNOSOMIDAE

In the Corynosomidae we have one know^n life history, that of an

acanthocephalid of water fowl, Anseriformes, using crustaceans,

amphipods and crayfish, as intermediate hosts.

MONILIFORMIDAE

In the Moniliformidae we have a parasite with a wide range of

primary hosts, from man, carnivores and rodents to rapacious birds,

and having as its intermediate hosts two si>ecies of Coleoi)tcra and two

of Orthoptera.

ECHINORHYNCHIDAE

In the Echinorhynchidae we have three acanthocephalids parasitic

in fish of numerous species, two of them with an amphipod as an

intermediate host and one with an aquatic isopod as an intermediate

host; and one acanthocephalid parasitic in various amphibians and

with an amphipod as its intermediate host.
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By way of summary it may be noted that of three acanthocephalids

parasitic in mammals, all develop in insects, all with Coleoptera and

one with Orthoptera also as intermediate hosts ; the one acanthocepha-

lid habitually parasitic in water birds uses crustaceans as intermediate

hosts ; and that of five acanthocephalids parasitic in fish and amphib-

ians, four use crustaceans as intermediate hosts, these being amphi-

pods in two cases, isopods in one case, and both amphipods and isopods

in one case. In the case of one acanthocephalid in fish, the Neurop-

tera serve as hosts. Insects are apparently of major importance for

acanthocephalids of mammals and crustaceans for acanthocephalids of

fish.

In the foregoing lists of parasites arranged by orders and families,

the names given for the arthropod hosts are those under which they

are reported in the literature and no attempt is made in these lists to

eliminate synonyms for the reason already given that it is easier to

trace these references in the literature under the names quoted. In

the following lists arranged on the basis of intermediate hosts, syn-

onyms are cross-referenced to the names accepted by the authorities

already mentioned in the first part of the paper.

ARTHROPOD HOSTS OF HELMINTHS, ARRANGED BY HOST
GROUPS

INSECTA

ANOPLEITRA

Haematopinus pilifenis. See Linog-

nathiis piliferus.

Lhiognathus piliferus

Dipetalonema recondittim

DERMAPTERA

Anisolabis annulipes

Hymenolepis diminuta

Hymenolcpis microstoma

EPHEMERIDA

Blasturus acpidus. See LeptopJilebia

cupida.

CIaeon dlpterum

? Opisthioglyphe endoloba

Ephemera danica

Stephanophiala farionis

Ephemera vulgata

Allocreadiuni isoporum

Opisthioglyphe endoloba

Spiroptera ephemeridarum

Ephemerid

Lecithodendrimn lagena

Cercaria secimda

Hexagenia sp.

Crcpidostomum cornutum

Stephanophiala farionis

Leptophlebia cupida

Allocreadiuni commune
Ollgoneuria rhenana

Spiroptera ephemeridarum

COLEOPTERA

Ablattaria laevigata

Weinlandia uncinata

Akis goryi

Spirura gastrophila

Spirocerca sanguinolenta

Akis spinosa

Hymenolepis diminuta

Aphodius castaneus. See Aphodius

rufus castaneus.

Aphodius coloradensis

Gongylonema scutatum
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Aphodius distinctus

Gongylonema sciitatum

Aphodius fenioralis

Gongylonema scutatum

Aphodius fimetariiis

Protospirura gracilis

Gongylonema sciilatum

Larval ncma of Cobb, 1922

Aphodius granarius

Hymcnolepis carioca

Gongylonema scutatum

Aphodius haetnorrh oidalis

? Gongylonema pulchrum

Aphodius ohscuriis

? Cittotacnia marinotac

Aphodius rubcolus

Gongylonema scutatum

Aphodius rujiis

Arducnna strongylina

Aphodius rufus castaneus

Arduenna strongylina

Aphodius sp.

Gongylonema sciitatum

Aphodius vittatus

Gongylonema scutatum

Ateuchus sacer. See Scarabaeus sacer.

Ateuchus sp.

Physaloptera abbreviata

Blaps appendiculata

Gongylonema scutatum

Blaps emondi

Gongylonema scutatum

Blaps gigas

Moniliformis moniliformis

Blaps mortisaga

Agantonematodum blapis-mortisagae

Blaps mucronata

Moniliformis moniliformis

Blaps spp.

Spirura gastrophila

Gongylonema scutatum

Gongylonema brevispiculum

Gigantorhynclius spirtda

Blaps strauchi

Spirura gastrophila

Gongylonema scutatum

Gongylonema brevispiculum

Caccobius schrebcri

? Gongylonema piilchrum

Canthon sp.

Spirocerca sanguinolenta

Cetonia aurafa

Spirura talpae

Macracanthorhynchns hirudinaceus

Chironitis irroratus

Gongylonema mucronatum

Copris hispanus

Spirocerca sanguinolenta

Diloboderus abderus

Macracanthorhynchns hirudinaceus

Geotrupes doiiei. See Geotrupes {Ste-

reopyge) douei.

Geotrupes (Stereopyge) douei

Spirocerca sanguinolenta

f Physocephalus se.valaius

Gongylonema mucronatum

Geotrupes (Anoplolrupes) stercorosus

Choanotaenia infundibulum

Hymenolepis serpentulns

f Physocephalus sexalatus

Geotrupes stercorarius

Physalocephalus sexalatus

Geotrupes stercorosus. See Geotrupes

(Anoplotrupes) stercorosus.

Geotrupes sylvaticus

Choanotaenia infundibulum

Hymenolepis serpentulns

Gymnopleurus mopsus

Gongylonema mucronatum

Gymnopleurus sturmi

Spirocerca sanguinolenta

Gongylonema mucronatum

Ilybius fuliginosus

Haplometra cylindracea

Ilybius sp.

Cercaria prima

Melolontha melolontha

Macracanthorhynchns hirudinaceus

Melolontha vulgaris. See Melolontha

melolontha.

Onticellus fulvus

Gongylonema scutatum

Onitis irroratus. See Chironitis irro-

ratus.

Onthophagus bedeli

Physocephalus sexalatus

Gongylonema mucronatum
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Onthophagus hecate

Arduenna strongylina

Physocephalus sexalatus

Gongylonema sciitatum

Onthophagus nebulosus

Physocephalus sexalatus

Onthophagus pennsylvanicns

Gongylonema scutatum

Onthophagus sp.

Spirura gastrophila

Onthophagus taunts

? Gongylonema scutatum

Phyllophaga arcuata

Macracanthorhynchus hirudinaceus

Phyllophaga fervens. See Phyllophaga

fusca.

Phyllopliaga fusca

Macracanthorhynch us h irudinaccus

Phyllopliaga rugosa

Macracanthorhynchus hirudinaceus

Pliyllophaga vehcmens

Macracanthorhynchus hirudi)iaceus

Pinotus carolinus

Larval nema of Cram, 1924

Scarabaeus sacer

Spirura gastrophila

Spirocerca sanguinolenta

Physocephalus sexalatus

Gongylonema mucronatum

Scarabaeus variolosus

Spirocerca sanguinolenta

Physocephalus sexalatus

Scaiirus stria tus

Hymenolepis diminuta

Silpha laevigata. See Ablattaria lae-

vigata.

Strategus jiilianus

Macracanthorhynchus hirudinaceus

Tenebrio molitor

Hymenolepis arzncolae

f Hymenolepis nana

Hymenolepis diminuta

Hymenolepis microstoma

Onchoscolex decipiens

Protospirura mnris

Gongylonema neoplasticum

Tenebrio obscurus

Gongylonema sp.

Tribolium ferrugineum

Hymenolepis diminuta

" Water beetles
"

Pleurogenes medians

Pleurogenes claviger

Pleurogenes confusus

Xyloryctes satyrus

Macracanthorhynchns hirudinaceus

Aedes aegypti

Filaria ozsardi

Wuchereria bancrofti

Dirofilaria immitis

Dirofilaria repens

Dipetalonema perstans

Aedes albolineata

Wuchereria bancrofti

Aedes albopictus

Wuchereria bancrofti

Aedes casplus

Dirofilaria immitis

Aedes fasciatus. See Aedes aegypti.

Aedes {Finlaya) togoi

Wuchereria bancrofti

Aedes gracilis. See BironcUa gracilis

and Anopheles gracilis.

Aedes perplexus

Wuchereria bancrofti

Aedes pseudoscutcllaris. See Aedes

variegatus.

Aedes punctatus. See Aedes casf^ius.

Aedes scutellaris. See Aedes albopic-

tus.

Aedes sugens. See Aedes vittatus.

Aedes vagans

Dirofilaria immitis

Aedes variegatus

Wuchereria bancrofti

Aedes vexans

Dirofilaria immitis

Aedes vigilax

Wuchereria bancrofti

Aedes vittatus

Dipetalonema perstans

Anastellorhina augur

Habronema sp.

Anopheles albimanus

Filaria ozzardi

Wuchereria bancrofti

Anopheles albitarsis

Filaria ozsardi



NO. 15 ARTHROPOD HOSTS OF HELMINTHS HALL 57

Anopheles algeriensis

Dirofilaria inunitis

Anopheles annulipes

Wuchereria bancrofti

Anopheles argyritarsis

Wuchereria bancrofti

Anopheles barbirostris

Wuchereria bancrofti

Anopheles bifnrcatus

Dirofilaria immitis

Agamodistonium martiranoi

Anopheles claviger. See Anopheles

bifurcatus.

Anopheles costalis. See Anopheles

ganibiae.

Anopheles cnlifacicns

Agamodistonium sintoni

Anopheles fuliginosns

Cercaria of Stephens & Christophers,

1902

Anopheles funestus listoni. See Ano-

pheles listonii.

Anopheles gambiae

Wuchereria bancrofti

Dipetalonema pcrstans

Anopheles gracilis

f Wuchereria bancrofti

Anopheles hyrcanus pseudopictus

Dirofilaria immitis

Anopheles hyrcanus sinensis

Wuchereria bancrofti

Dirofilaria immitis

Anopheles listonii

Agamodistomum sintoni

Anopheles macuUpennis

Lecithodettdrium lagena

Agamodistomum anophelis

Filaria oszardi

Filaria sp. Fuelleborn, 1909

Dirofilaria immitis

Dirofilaria repens

Dipetalonema perstans

Anopheles palestinus. See Anopheles

superpictus.

Anopheles rossi. See Anopheles snb-

pictus.

Anopheles sinensis. See Anopheles

hyrcanus sinensis.

Anopheles sinensis peditaeniatus

Wuchereria bancrofti

Anopheles sinensis pseudopictus

Dirofilaria immitis

Anopheles sinensis vanus. See Ano-
pheles barbirostris.

Anopheles subpictus

Cercaria of Soparkar, 1918

Cercaria of Stephens & Christophers,

1902

Wuchereria bancrofti

Anopheles superpictus

Wuchereria bancrofti

Dirofilaria immitis

Anopheles tarsimactdatus

Fdaria ozsardi

Bironella gracilis

f Wuchereria bancrofti

Chironomus libiferus

Lissorchis fairporti

Chironomus plumosus

Lecithodendrium lagena

Chrysoconops fuscopennatus. See

Mansonia fuscopennatus.

Chrysops centurionis

Loa loa

? Dipetalonema perstans

Chrysops dimidiatus

Loa loa

Chrysops longicornis

Loa loa

Chrysops sdaceus

Filaria sp. of Med. Rept., Lagos,

Nigeria, 1918

Loa loa

Corethra sp.

Cercaria prima

Cercaria secunda

Cule.r ciliaris. (May be Aedes cin-

ereus, fide Dyar.)

Wuchereria bancrofti

Culex fatigans. See Cidex quinque-

fasciatus.

Culex ftiscocephalus

Wuchereria bancrofti

Culex gelidus

Wuchereria bancrofti

Culex hortensis

Cercaria of Joj'eux, 19 18

Culex malariae. See Aedes vexans.

Culex microannulatus. See Culex siti-
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Culex peniciUaris. See Aedes caspius.

Ciilex pipiens

Wuchereria bancrofti

Dirofilaria immitis

Dipetaloncma perstans

Culex procax. See Aedes vigilax.

Culex qu'mqiicfasciatiis

Filaria ozzardi

Wuchereria bancrofti

Dirofilaria immitis

Dipetaloncma rcconditum

Culex sitiens

Wuchereria bancrofti

Culex sp.

f Onchocerca caccnticns

Cnlcx teniatus. See Aedes aegypti.

Culex vigilax. See Aedes vigilax.

Cnlicoides austeni

Dipetaloncma perstans

Culicoides grahami

Dipetalotiema perstans

Eusimulium reptans
'

Cystopsis acipenseris

Fcmnia sp.

Larval nema of Johnston & Ban-

croft, 1920

Haematopota cordigcra

Loa loa

Hippocentrum triinacidatiim

Loa loa

Hoiuardina albolincata. See Aedes al-

bolineata.

Lyperosia exigua

Habronema microstoma

Mansonia africana

Wuchereria bancrofti

Mansonia anniilipes

Wuchereria bancrofti

Mansonia fuscopennatus

Dipetaloncma perstans

Mansonia pseudotitillans

Wuchereria bancrofti

Mansonia sp.

Dipetaloncma perstans

Mansonia uniformis

Filaria sp. Castellani & Chalmers,

1913

Wuchereria bancrofti

Dipetaloncma perstans

Mansonioidcs anmdipes. See Mansonia

annulipes.

Mansonioidcs pseudotitillans. See Man-
sonia pseudotitillans.

Mansonioidcs uniformis. See Man-
sonia uniformis.

Musca bczsi

Habronema spp.

Musca domcstica

Choanotacn ia infimdib u In

m

Davainea tetragona

Davainea cesticillus

Habronema microstoma

Habronema megastoma

Habronema muscae

Musca fergusoni

Habronema megastoma

Habronema muscae

Musca hum His

Habronema megastoma

Habronema muscae

Musca lusoria

Habronema megastoma

Habronema muscae

Musca terrae-reginae

Habronema megastoma

tiabronema muscae

Agamospirura muscaruin

Musca vcntrosa

Habronema mc'gastoma

Habronema muscae

Musca vetustissima

Habronema megastoma

Habronema muscae

Mysomyia superpicta. See Anopheles

superpictus.

Mysorhynchus pseudopictus. See Ano-

pheles hyrcanus pseudopictus.

Panoplites africanus. See Mansonia

africanus.

Panoplites sp.

Dipetaloncma perstans

Pseudopyrellia sp.

Habronema megastoma

Habronema muscae

Sarcophaga melanura

Habronema microstoma

Sarcophaga misera

Habronema muscae
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Scufowyia albolincafa. See Acdes albo-

lineata.

Simulids

Oncocerca caecutiens

Sitnulium damnosum

Oncocerca volvidus

Stegomyia fasciata. See Acdes acgypti.

Stomoxys calcitrans

Hymenolepis carioca

Habronema microstoma

? Habronema mtiscae

f Setaria lahiato-papillosa

Tabanus circiimdatits

Agamofilaria tabanicola

Taeniorhynchus annidipcs. Sec Man-
sonia annuUpes.

Taeniorhynchus domesticus. Probably

Culex pipiens, q. v.

Wuchereria bancroffi

Tanypus decoloratus

Lissorchis fairporti

Hodotermes pretoriensis. See Macro-

hodotermes mossambicus trans-

vaalensis.

Macrohodotermes mossambicus trans-

vaalensis

Hartcrtia gallinarum

LEPIDOPTERA

Aylossa dimidiata

Hymenolepis diminuta

Aphornia gularis

Hymenolepis diminuta

Asopia farinalis

Hymenolepis diminuta

Nymphiila nymphacata

Fluke

Paralipsa gidaris. See Aphornia

gularis.

Pyralis farinalis. See Asopia farinalis.

Tinea granella

Hymenolepis diminuta

MALLOPHAGA

" Bird louse
"

? Filaria cypseli

Trichodectes latus

Dipylidium caninum

NEUROPTERA

Mystacides nigra

Distomum mystacidis

Sialis lutaria. See Sialis flavilatcra.

Sialis flavilatera

Distomum notidobiae

Distomum sialidis

Neoechinorhynchus ru t Hi

Sialis niger

Neoechinorhynchus rutili

ODONATA

Aeschna sp.

Prosotocus confusus

Agrion puella. See Coenagrion puella.

Agrion spp.

Gorgodera pagenstecheri

Gorgodera varsoviensis

Pleurogenes medians

Distomum sp. of Villot

Procercoid of Galli-Valerio, 1923

Camallaniis lacustris

Agrion virgo

Pneumonoeces variegatus

Pneumonoeces sintiligenus

Halipegus ovocaudatus

Calopteryx virgo. See Agrion virgo.

Coenagrion puella

Tatria acanthorhyncha.

Cordulia sp.

Prosotocus confusus
" Dragonfly

"

Plagiorchis ameiurcnsis

Cercaria prima

Epitheca sp.

Gorgodera pagenstecheri

Gorgodera varsoviensis

Gorgodera cygnoides

Libcllula quadrimaculata

Prosthogonimus intercalandus

Prosthogonimus pellucidus

Tetragoneuria sp.

Prosthogonimus sp. of Kotlan and

Chandler
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PLECOPTERA

Pcrla Incaudata

Opisthioglyphc cndolohum
" Perlid larva

"

Plagiorchis ntacidosus

Lecithodoidrium lagcna

ORTHOPTERA

B Iatla or ic It talis

Splnira ijastroph ila

f Sp'irocerca sanyxnnolcnta

Gongyloneina ncoplasticiim

Gongyloncma sp.

Moniliformis moiiiliforniis

Blattclla gcrmanica

Protospirnra columbiana

Gongyloncma ncoplasticum

Gongyloncma scuta turn

Gongyloncma fulchrum

Periplaneta amcricana

Gongyloncma ncoplasticum

Gongyloncma oricntalc

Gongyloncma sp.

Moniliformis moniliformis

Periplaneta australasiac

Gongyloncma orientate

Pycnoscehts surinamcnsis

Oxyspirura mansoni

Oxyspirnra parvovnni

SIPHONAPTERA

Ceratophyllus fasciatus

Hymcnolcpis dimimita

? Hymenolepis nana

Hymenolepis microstoma

Agamonema sp. Johnston, 19 13

Ctenocephalus canis

Dipylidiiim can inii

m

Hymenolepis diminuta

Dirofilaria immitis

Dipetaloncma rcconditiim

Ctenocephalus fclis

Dipylidiiim caninum

Dirofilaria immitis

Dipetaloncma reconditum

Lcptopsylla musculi

Hymenolepis diminuta

Mcsopsylla cucta

Cysticercoid of Dampf, 1910

Pulex irritans

Dipylidiiim caninum

Hymenolcp is diminuta

Dipetaloncma reconditum

Dipetaloncma pcrstans

Xcnopsylla chcopis

Hymenolepis diminuta

? Hymenolepis nana

? Protospirnra muris

Agamonema sp. Johnston, 1913

TRICHOPTERA

Anabolia nervosa

Allocreadium isoporum

Opisthioglyphc endolobum

Chaetopteryx villosa

Allocreadium isoporum
Drusus trifidus

Plagiorchis maculosus

Limnophilus Aavicornis

Opistliioglyplic endolobum

Limnophilus griseus

Opisthioglyphc endolobum

Limnophilus lunatus

Opisthioglyphe endolobum

L ininoph ilus rhombicus

Opisthioglyphc endolobum

Disfomum limnophili

Notidobia ciliaris

Distomum notidobiae

Phryganea grandis

Opisthioglyphc endolobum

Lecithodendrium chcilostomum

Brachycoelium retusum

Distomum pJiryganeae

Phryganea sp.

Lecithodendrium die dost mum
Rhyacophila nubila

Fluke

UNPLACED

"Amphibious insects
"

Plagioporus sp.

Eumegacetes sp.

" Raubinsekten
"

Gorgodera vitelliloba
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ARACHNIDA

ACARINA

Argas sp.

Dipctaloncnia Persians

Ixodes ricinus

? Filaria niartis

Ontithodorus moubata

Dipetaloncina Persians

Rhipicephalus sanguineus

Dipetalonema reconditum

Dipetalonema grassii

Dirofilaria immitis

Rhipicephalus sicidus

? Dipetalonema recondihim
" Tick "

/ Filaria viitchelli

Fontaria virginicnsis

Hynienolepis diniinuta

Glomeris limbata

Cestode larva

MVRIAPODA

Julus guthdatus

Nematode larva

Julus sp.

Hynienolepis diniinuta

CRUSTACEA

AMPHIPODA

Allorchestes sp.

? Hedruris orestiae

Gammarus loctista

Distonium gammari Rentsch

Polymorphus hoschadis

Gammarus ornatus. See Gammarus
locusta.

Gammarus pulex

Opisthioglyphe endolobum

Distonium agamos

Distomum gammari Linstow

Distonium pidicis

Hynienolepis collaris

Hynienolepis tcnuirostris

Aploparaksis dujardini

Echinocotyle mrazeki

Cysticercoides sp. Mrazek, 1896

Cysticercus bifurcus

Cysticercus hamanni

Cysticercus taeniae-pachyacanthae

Cysticercus sp. Luehe, 19 10

Cysticercus sp. Mrazek, 1890

Taenia sp. Daday, 1900; 168

Tetrameres fissisptna

Polymorphus boschadis

Pomphorhynchus laevis

Hyallela asteca

Echinorhynchus thecatus

Proteocephalus ambloplitis

Hyallela knickerbockeri. See Hyallela

asteca.

Pontoporeia hoyi

Echinorhynchus ranae

Themisto libellula

Sinistroporus simplex

BRANCHIOPODA

Apus sp.

Agamodistoniuni apodis

CLADOCERA

Bythotrephcs longinianus

Proteocephalus agonis

Daphnia pulex

Echinuria uncinata

Tetrameres fissispina

Leptodora kindtit

Proteocephalus agonis

Acartia clausa

Hemiurus appcndiculatus

Acartia sp.

Derogenes varius

Boeckella brasiliensis. See Pseudo-

boeckella brasiliensis.

Cyclops agilis. See Cyclops serrulatiis.

Cyclops albidus

Proteocephalus ambloplitis
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Cyclops bicuspidatus

Hymenolepis tenuirostris

Drepanidotaenia lanceolata

Schistocephahis solidns

Bothriocephalus cuspidatus

Corallobothrium fimbriatum

Dracunculus globocephaJus

Cyclops brevicaudata. See Cyclops

strenuus.

Cyclops brevispinosiis

Bothriocephalus cuspidatus

Diphyllobothrium latum

Cyclops coronatus. See Cyclops fuscus.

Cyclops crassicornis

Hymenolepis brachycephaJa

Cyclops fimbriatus. See Plaiycyclops

fimbriatus.

Cyclops fuscus

Dracunculus medinensis

Cyclops leuckarti

Proteocephalus ambloplitis

Bothriocephalus cuspidatus

Diphyllobothrium mansoni

Dracuncitlus medinensis

Cyclops lucidulus

Hymenolepis collaris

Cyclops oithonoides. See Mesocyclops

oithonoides.

Cyclops prasinus

Proteocephalus ambloplitis

Corallobothrium giganteum

Bothriocephalus cuspidatus

Dracuncidus medinensis

Cyclops pulchellus. See Cyclops bicus-

pidatus.

Cyclops quadricornis

Cucullanus elcgans

Dracunculus medinensis

Cyclops robustus

Diphyllobothrium latum.

Cyclops serratus. See Cyclops bicus-

pidatus.

Cyclops serrulatus

Hymenolepis collaris

Hymenolepis tenuirostris

Hymenolepis fasciculata

Hymenolepis microsoma

Proteocephalus toridosus
' Proteocephalus longicollis

Prote-ocephahis percae

Corallobothrium giganteum

Corallobothrium fimbriatum

Bothriocephalus cuspidatus

Schistocephalus solidus

A bothrium infundibuliformis

Abothrium crassum

Cysticercoid of Rossiter, 1893

Cysticercus quadricurvatus

Cysticercus gruberi

Cysticercus sp. Luehe, 1910

Cyclops sp.

Fimbriaria fasciolaris

Camallanus lacustris

Camallanus microcephalus

Dracunculus sp.

Philometra sanguineum

Cyclops strenuus

Proteocephalus torulosus

Proteocephalus longicollis

Proteocephalus fercae

Ichthyotaenia sp. Fuhrmann, 1926

Hymenolepis setigera

Diphyllobothrium latum

Abothrium crassum

Abothrium infundibuliformis

Triaenophorus nodidosus

Cysticercus gruberi

Dracuncidus medinensis

Cyclops tenuicornis. Probably Cyclops

albidus q. v.

Distomum sp. Herrick

Cyclops varius. See Cyclops serrula-

tus.

Cyclops vernalis

Hymenolepis anatina

Hymenolepis collaris

Cyclops viridis

Hymenolepis collaris

Hymenolepis gracilis

Hymenolepis fasciculatus

Dracunculus medinensis

Diaptomus africanus

Plerocercus africanus

Diaptomus alluaudi

Hymenolepis anatina

Dicranotaenia dubia

Diaptomus asiaticus

Echinocotyle linstozvi

Echinocotyle polyacantha

Taenia sichyi
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Diaptomus castor

Proteocephalus tondosus

Diaptomus coerulens

Hymenolepis collaris

Hymenolepis gracilis

Hymenolepis tenuirostris

Hymenolepis fasciculatus

Hymenolepis setigera

Diaptomus gracilis

Diphyllobothrium latum

Diaptomus graciloides

Diphyllobothrium latum

Diaptomus oregonensis

Diphyllobothrium latum

Diaptomus sp.

Cysticercoides sp. Mrazek, 1898

Cercocystis dendrocercus

Philometra sanguineum

Diaptomus spinosus

Hymenolepis anatina

Hymenolepis gracilis

Drepanidotaenia lanceolata

Echinocotyle linstowi

Diaptomus vulgaris

Fimbriaria fasciolaris

Leptocyclops agilis. See Cyclops scr-

rulatus.

Mesocyclops oithonoides

Proteocephalus percae

Platycyclops fimbriatus

Hymenolepis brachycephala

Triaenophorus nodulosus

Pseudoboeckella brasiliensis

Echinocotyle mraseki

OSTRACODA

Candona Candida

Hymenolepis corontda

Candona neglecta tubercidata

Hymenolepis gracilis

Candona rostrata

Hymenolepis gracilis

Cyclocypris globosa

Hymenolepis gracilis

Hymenolepis coronula

Hymenolepis liophallos

Hymenolepis venusta

Echinocotyle rosseteri

Cysticercoides sp. Rossiter, 1890

Cyclocypris laevis

Hymenolepis coronula

Cyclocypris ovum
Hymenolepis corontda

Cypria ophthalmica

Hymenolepis anatina.

Hymenolepis gracilis

Hymenolepis coronula

Echinocotyle rosseteri

" Cypris agilis
"

Hymenolepis venusta

Cypris cinerea. See Cyclocypris glo-

bosa.

Cypris compressa. See Cypria ophthal-

mica.

Cypris elongata

Taenia sp. Daday, 1900

Cypris incongruens. See Hcterocypris

incongruens.

Cypris ophthalmica. See Cypria oph-

thalmica

Cypris ovata. See Cypris pubera.

Cypris ovum. See Cyclocypris ovum.

Cypris pubera

Hymenolepis anatina.

Cypris virens. See Eucypris virens.

Cypris viriens. .See Eucypris virens.

Dolcrocypris fasciata

Hymenolepis gracilis

Eucandona hungarica

Hymenolepis anatina

Eucypris crassa

^Hymenolepis anatina

Eucypris virens

Hymenolepis collaris

Hymenolepis coronula

Hymenolepis gracilis

Heterocypris incongruens

Hymenolepis anatina

" Ostracod
"

Cysticercus sp. Luehe, 1910

DECAPODA

Astacus astacus

Astacotrema cirrigerum

Hymenolepis collaris

Hymenolepis tenuirostris

Polymorphus boschadis
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Astacus fluviatilis. See Astacus asia-

cus.

Astacus japonicits. Sec Camharo'idcs

japo)iicits.

Astacus Icptodactylus

Distoiiitun rcinhardi

Cambaro'idcs japoniciis

Paragonimus icestcnuaii

i

Cambaro'idcs siin His

? Paragonimus ivcslcrmani

Cambanis propinqmis

Microphallus opacus

Cambanis spp.

Crcpidosto ni u ui corn utuni

Ccrataspis nionstrosa

Dinurus tornafus

" Crabs "

Distonuim kalapdi

" Crayfish
"

Astacntrcma cirrigcruni

Acrolichaniis petalosa

Plagiorchis ameiurensis

Distoma of Cooper, 1883

Distomum of Linton, 1892

Eriocheir japonicus

Paragonimus ivestcrniani

Stcphanolecithus parzms

Gcothclphusa dchaani. See Pofamon
{Gcothelphusa) dchaani.

Gcothclphusa obtusipes. See Potamon
{Gcothelphusa) obtusipes.

" Marine decapods "

Rhynchobothrius ruficollis

Potamobiiis astacus. See Astacus asta-

cus.

ParathclpJuisa (Parafhclphusa) sinen-

sis

Stcphcuiolccith us parvus

Potamon dchaanii. See Potamon

( Gcothclphusa) dchaani.

Potamon' obtusipes. Sec Potamon

(Gcotliclphusa) obtusipes.

Potamon sinensis. See Parathclphusa

(Parathelphusa) sinensis.

Potamon (Gcothclphusa) dehaani

Paragonimus zvestcrmani

Macroorchis sp in ulosus

Stephanolecithus parvus

Potamon (Gcothclphusa) obtusipes

Paragonimus ivestermani

Stephanolecithus parvus

PseudotheJphusa iturbci

Paragonimus ivestermani

Scsarma dchaanii

Paragonimus ivestermani

Stephanolecithus parvus

Ascllus aquaticus

Caniallanus elcgans

Hedruris androphora

Acanthocephahts lucii

Echinorhynchus ranae

Porcellio laevis

Dispharynx spiralis

GENERAL DISCUSSION

On the basis of the foregoing lists, the arthropod hosts are arranged

below in their approximate order of relative importance for each

order of parasites, with a resume of the numbers of host and para-

site species involved.

As intermediate hosts for tapeworms with primary hosts living in

water or feeding on arthropods which live in water, the Copepoda are

of outstanding importance, the next most important group being the

Ostracoda. The Amphipoda, Decapoda, and Cladocera are much less

extensively involved as intermediate hosts for tapeworms so far as

is known at the present time.
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Cestoda

No. of host
Intermediate spp.
host group involved

Crustacea:

Copepoda 27

Ostracoda 15

Amphipoda i

Decapoda 2

Cladocera 2

Insecta :

Coleoptera 8

Siphonaptera 7

Diptera 2

Lepidoptera 4

Odonata 2

Dermaptera i

Mallophaga i

MVRIAPODA . .
.'. 2

No. of parasite spp.
with known hosts

for adults

29

6

5

3

I

9

4

4

I

I

2

I

I

No. of parasite
spp. reported as
larvae without
known hosts
for adults

As intermediate hosts for tapeworms of land animals, the Coleop-

tera are distinctly the most important group, other insect groups being

of much less importance so far as we know.

Trematoda

No. of parasite
spp. reported as

No. of host No. of parasite spp. larvae without
Intermediate spp. with known hosts known hosts

host group involved for adults for adults

Crustacea :

Decapoda IS 8 4

Amphipoda 3 i 4

Copepoda 3 2 i

Branchiopoda i o i

Insecta:

Diptera 11 2 8

Trichoptera 11 2 4

Odonata 8 6 2

Ephemerida 5 5 ^

Coleoptera 3 3 ^

Unplaced insects 2 4. o

Neuroptera; 2 o 3

Plecoptera 2 i

Lepidoptera i o i

Among the Crustacea, the Decapoda are of outstanding importance

as hosts for flukes, some of these flukes occurring in land mammals

which eat raw crabs or crayfish.
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Among the Insecta, the apparent importance of the Diptera and

Trichoptera is not well established. These groups rate high in number

of species serving as hosts, but as the flukes reported from them are

mostly larval forms of which the adults are not known and which

may later prove to represent no more known species than are already

known and recorded here from these hosts, or only a few more, these

groups cannot be rated at the present time as any more important than

the Odonata or Ephemerida as hosts for flukes.

Nematoda

No. of host
Inteimcdiate spp.
host group involved

Crustacea :

Copepoda 8

Amphipoda 2

Isopoda 2

Cladocera i

Insecta : *>

Diptera 67

Coleoptera 39

Orthoptera 5

Siphonaptera 5

Ephemerida 2

Anopleura i

Isoptera i

Mallophaga i

Odonata i

Arachnida 6

No. of parasite spp.
with known hosts

for adults

7

2

2

I

17

10

5

4

I

I

I

I

6

No. of parasite
spp. reported as
larvae without
known hosts
for adults

Among the Crustacea, the Copepoda are the important group as

carriers of parasitic nematodes. Among the Insecta the Diptera are of

striking importance, no less than 6"^ of the Diptera being reported as

carriers for a total of 17 nematode species, this fact being the result

largely of the role of the mosquitoes as carriers of filarids. The

Coleoptera take first rank as carriers of spirurids. Of lesser impor-

tance are the Orthoptera and Siphonaptera, and the other groups of

insects show but few host species and these accused of carrying but

one nematode parasite. The Arachnida as a whole have been accused

of carrying 6 nematodes, and but 6 arachnids are incriminated. The

arachnids have not been reported as carriers of any parasitic worms

other than nematodes.
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Acanthocephala

No. of host
Intermediate spp.
host group involved

Crustacea :

Amphipoda 4

Isopoda I

Decapoda i

Insecta:

Coleoptera 11

Neuroptera 2

Orthoptera 2

No. of parasite spp.
with known hosts

for adults

No. of parasite
spp. reported as
larvae without
known hosts
for adults

Among the Crustacea, the Amphipoda are of special significance as

hosts for acanthocephalids of aquatic animals, so far as the life his-

tories of such worms are known. The only other crustaceans involved

are Isopoda and Decapoda.

Among the Insecta, the Coleoptera are of major importance as

carriers of acanthocephalids with known life histories. The only other

insects involved are Neuroptera and Orthoptera.

If we take the outstanding groups of intermediate hosts for each

order of parasites, we have the following:

For Cestoda : Copepoda and Ostracoda ; Coleoptera.

For Trematoda : Decapoda ; Diptera, Trichoptera, Odonata, and Ephemerida.

For Nematoda : Copepoda ; Diptera and Coleoptera.

For Acanthocephala : Amphipoda ; Coleoptera.

Among the insects, the importance of the Coleoptera is indicated

by the fact that this group is of decided significance for Cestoda,

Nematoda, and Acanthocephala. The Diptera are important as car-

riers of Trematoda and Nematoda. The Trichoptera, Odonata, and

Ephemerida only figure as outstandingly important for Trematoda.

Among the crustaceans, the Copepoda are the major group as hosts

for both Cestoda and Nematoda. The Ostracoda are only known to

be important as hosts for Cestoda, the Decapoda as hosts for Trema-

toda, and the Amphipoda as hosts for Acanthocephala.

The following table is inserted to give a rapid check on the known

occurrence in the dififerent arthropod hosts of parasites of the groups

involved in this paper. If an arthropod group is known to contain

intermediate hosts for the worm groups involved, an X is placed under

the worm group and opposite the host group. If there are no such

hosts known, an O is placed in the corresponding position.
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LIST SHOWING RECORDS (X) OR LACK OF RECORDS (O) OF
PARASITE GROUPS IN HOST GROUPS

Arthropod group Cestoda Trematoda Nematoda Acanthocephala

Amphipoda X X X X
Branchiopoda O X O O
Cladocera X O X O
Copepoda X X X O
Decapoda X X O X
Isopoda O O X X
Ostracoda X O O O
Anopleura O O X O
Coleoptera X X X X
Dermaptera X O O O
Diptera X X X O
Ephemerida O X X O
Isoptera O O X O
Lepidoptera X X O O
Mallophaga X O X O
Neuroptera O X O X
Odonata X X X O
Orthoptera O O X X
Plecoptera O X O O
Siphonaptera X O X O
Trichoptera O X O O
Insecta ; unplaced O X O O
Myriapoda X O O O
Arachnida O O X O

It is of interest to note that of the 24 arthropod groups Hsted above,

the number of groups used as hosts by cestodes, trematodes, and nema-

todes is the same or almost the same, namely, 13 by cestodes and

trematodes and 14 by nematodes ; only 6 are used by acanthocephalids.

From the foregoing something may be indicated as to the range of

parasites on the part of the various intermediate host groups, as fol-

lows:

Hosts for 4 worm groups : Amphipoda and Coleoptera.

Hosts for Cestoda, Trematoda and Nematoda : Copepoda ; Diptera and Odonata.

Hosts for Cestoda, Trematoda and Acanthocephala: Decapoda.

Hosts for Cestoda and Trematoda : Lepidoptera.

Hosts for Cestoda and Nematoda : Cladocera ; Mallophaga and Siphonaptera.

Hosts for Trematoda and Nematoda : Ephemerida.

Hosts for Trematoda and Acanthocephala : Neuroptera.

Hosts for Nematoda and Acanthocephala : Isopoda ; Orthoptera.

Hosts for Cestoda only : Ostracoda ; Dermaptera ; Myriapoda.

Hosts for Trematoda only : Branchiopoda ; Plecoptera, Trichoptera, and un-

placed insects.

Hosts for Nematoda only: Anopleura and Isoptera; Arachnida.

No group is yet reported as a host group for Acanthocephala only.
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Taking the major host groups, the Crustacea, Insecta, Myriapoda,

and Arachnida, as a whole and the four worm groups as a whole, we
may make the following summary

:

There are 48 species in the Cestoda which have arthropods as

intermediate hosts and for which we know the primary hosts; there

are 22 larval forms in addition for which the primary hosts are not

known.

There are 37 species in the Trematoda which have arthropods as

intermediate hosts and for which we know the primary hosts ; there are

2^ larval forms in addition for which the primary hosts are not known.

There are 49 species in the Nematoda which have arthropods as

intermediate hosts and for which we know the primary hosts ; there

are 12 larval forms in addition for which the primary hosts are un-

known.

There are 9 species in the Acanthocephala which have arthropods

as intermediate hosts and for which we know the primary hosts.

There are altogether 143 species of worms parasitic in vertebrates

which have arthropods as intermediate hosts and for which the pri-

mary hosts are known ; there are 61 larval forms in addition for which

the primary host is unknown.

In the Crustacea there are 49 species which serve as intermediate

hosts for Cestoda, 22 for Trematoda, 12 for Nematoda, and none for

Acanthocephala.

In the Insecta there are 25 species which serve as intermediate

hosts for Cestoda, 46 for Trematoda, 122 for Nematoda, and 15 for

Acanthocephala.

In the Myriapoda there are 2 species which serve as intermediate

hosts for Cestoda, and none for Trematoda, Nematoda, or Acantho-

cephala so far as we know at present.

In the Arachnida there are 6 species which serve as intermediate

hosts for Nematoda, and none for Cestoda, Trematoda, or Acantho-

cephala so far as we know at present.

The Insecta are far in the lead as regards number of species known

to serve as intermediate hosts for parasitic worms, as there are 186

species of insects, 'JJ species of crustaceans, 6 species of arachnids,

and only 2 species of myriapods included in these lists of intermediate

hosts. The total number of arthropod species listed here as inter-

mediate hosts for the worm groups involved is 271.

CONCLUSION

It should be reiterated that one must not draw too sweeping con-

clusions in regard to the importance of host groups or in regard to
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several other things at this time. For one thing, the lists given here

are such as could be compiled in the time at the writer's disposal and

while reasonably comprehensive must necessarily be incomplete. For

another thing, our total knowledge in regard to the life histories of

heteroxenous helminths is very slight. As already stated, we know the

life histories of approximately i per cent of the known tapeworms,

and this status is sufficiently representative of conditions for all heter-

oxenous worm groups to need no detailed statement in regard to

the other groups. There may be important intermediate host groups

of which no member has yet been incriminated. We know about 143

life histories involving arthropods ; there are certainly hundreds, per-

haps thousands, of such life histories still to be ascertained.

Admitting all of these defects in our data, we are nevertheless

justified in saying that the lists presented here will be of value in

affording the student a clue as to the probabilities in beginning a

search for the intermediate host of a heteroxenous worm parasite, or

in considering the probable identity of a larval worm found in an

arthropod. This will fulfill one of the purposes of this paper—to aid

the student. The young students of to-day will include among their

ranks the competent scientists of to-morrow.

Another purpose of this paper is to point out the opportunities for

cooperation among scientists in adding to our knowledge of the life

histories of parasitic worms. Zwaluwenberg, an entomologist, has said

recently :
" The interrelationships of insects and nematodes is a

subject of which most entomologists seem to have little adequate

conception." Some months ago, in discussing the scope of this paper

with Dr. L. O. Howard, the writer told him that he expected to call

attention to the fact that our knowledge of these life histories had

come almost entirely from the parasitologists, and that the workers

on insects and crustaceans had aided very little in the process. Dr.

Howard, characteristically, suggested that this be done very diplo-

matically. It is the writer's intention to do this diplomatically. It is

primarily the business of the parasitologist to ascertain the life his-

tories of the parasites with which he deals. It would not be in order

to ask the specialist on insects or crustaceans to ascertain the life

histories of the larval worms which he finds in these insects and

crustaceans, nor would it add greatly to our knowledge to have per-

sons unfamiliar with parasitic worms publish findings in an unfamiliar

field.

Nevertheless, there is an opportunity for cooperation between the

workers on parasitic helminths and the workers on their arthropod

hosts, and little advantage has been taken of this fact in the past.

("^
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My friend, Dr. Wm. A. Riley, has called my attention to Stein's

pioneer contributions ; conceding the point, Stein's good example has

not been followed by most entomologists. The competent worker in

either field should be primarily a zoologist, and as such able to see

the possibilities for cooperation with other zoologists in connection

with incidental findings which come to his attention. The larval

helminth in an arthropod is an animal which concerns the helmin-

thologist in one direction and the " arthropodologist " in another. A
sound consideration of the worm calls for a sound consideration of

its host, and vice versa. Prophylactic measures directed against het-

eroxenous worms call for control measures for intermediate hosts, and

if this host is an arthropod the helminthologist must draw on the

knowledge of the man who knows about arthropods.

One of the promising developments in this connection is the fact

that whereas the entomologist in the past has devoted his attention to

the outside of the insects with only casual attention to the internal

anatomy, there is now a tendency to devote more attention to the

internal structures. In examining the interior of the insects, the

entomologist is certain to find larval worms in some of them. In such

cases he would be rendering a service if he would do one of the fol-

lowing things:

If the entomologist is well trained in zoology, and has the time,

facilities, and inclination to carry out an adequate investigation of

these worms, he can proceed with feeding experiments and ascertain

the life history. Lacking the training, time, facilities, or inclination to

to do such work, he can turn the material over to a parasitologist for

investigation, or call attention in his publications to his findings in

order that they may serve as a guide to the parasitologist who is

working along this line.

Some of the hosts given in this paper are not well established, but

are included for completeness. In establishing a life history for a

parasitic worm, one may be guided with profit by the remarks of

Stiles in 1896 in connection with the life histories of bird tapeworms

:

The known or supposed life history has been based upon four different methods

of work, i. e. :

1. Experimental infection of the fowls by feeding to them known larval stages

found in invertebrates, and thus raising the adult stage.

2. Experimental infection of invertebrates by feeding to them the eggs of

tapeworms found in birds, and thus raising the larval stage.

3. Comparison of the hooks upon the heads of adult tapeworms of birds with

the hooks of larvae found in invertebrates, and thus associating the young and

the old stages.

4. Wild speculations as to the intermediate hosts, based upon negative results

and totally devoid of any scientific foundation.
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Of these four methods of work the first two give positive proof of the life

history when the experiments are successful ; the third gives a probability to the

statements, but not a proof ; the less said about the fourth method the better.

In this later epoch it is advisable to establish a life history by both

of the first methods, not ignoring the third, if adequate evidence is

desired. Raising Diphyllohothr'mm latum in dogs by feeding plerocer-

coids from fish did not show that a copepod was the first host ; failure

to infect fish with the tapeworm eggs necessitated further search and

so led to the discovery of the copepod host. Another thing deserves

emphasis : Finding that one arthropod is an intermediate host does

not settle the problem of a life history of a worm. The worm may
have a score of intermediate hosts, and the most important one may
not be an arthropod.

ADDENDUM

Since the foregoing was written the following records have come

to hand and are given here without discussion

:

LIST BY PARASITES

(Crust. ^ Crustacea)

CESTODA

CESTODARIA

Amphilina foliacca—Corophiu»i citrvispinum ; Crust.; Amphipoda
Dikerogammariis haemobaphes ; Crust. ; Amphipoda

Gammarus platycheir; Crust. ; Amphipoda
Mctamysis strauchi; Crust. ; Mysidacea

DIPHYLLOBOTHRIIDAE

Diphyllobothrium ranarum—Cyclops fuscus; Crust. ; Copepoda
Diphyllobothrhim decipiens—Cyclops sp. ; Crust. ; Copepoda
Diphyllobothrium erinacei—Cyclops sp. ; Crust. ; Copepoda
Diphyllobothrium mansoni—Cyclops sp. ; Crust. ; Copepoda

Cyclops strenuus; Crust ; Copepoda

PROTEOCEPHALIDAE

Proteocephalus amblopUtis—Hyalella asteca; Crust.; Amphipoda
Cyclops serrulatus; Crust. ; Copepoda

Cyclops viridis; Crust. ; Copepoda
Proteocephalus pingiiis—Cyclops serrulatus; Crust. ; Copepoda

Cyclops viridis; Crust. ; Copepoda
Ophiotaenia testudo—Cyclops sp. ; Crust. ; Copepoda

\l

\
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CESTODA (Continued)

HYMENOLEPIDIDAE

Hymenolepis collaris—Cypris sp., Crust. ; Ostracoda
Hymenolepis anatina—Cypris sp. ; Crust. ; Ostracoda
Hymenolepis corontila—Cypris sp. ; Crust. ; Ostracoda
Hymenolepis carioca—Choeridium histeroides; Insecta ; Coleoptera

Hister (Carcinops) 14-striatus; Insecta; Coleoptera

Anisotarsiis agilis; Insecta; Coleoptera

t Choanotaenia infiindibidum—Cratacanthus dubitts; Insecta ; Coleoptera *

DAVAINIIDAE

RaiUictina cesticillns—Anisotarsiis agilis; Insecta ; Coleoptera

Anisotarsiis tcrminatus ; Insecta ; Coleoptera

Choeridium histeroides; Insecta ; Coleoptera

Aphodius granarius; Insecta ; Coleoptera *

Selenophorus ovalis; Insecta ; Coleoptera *

Selenophorus pedicularis; Insecta; Coleoptera

Triplectrus riisticus ; Insecta ; Coleoptera *

TREMATODA

PLAGIORCHIIDAE

Plagiorchis macxilosits—Chironomus plumosus; Insecta; Diptera

Chironomiis sp. ; Insecta ; Diptera

HETEROPHYIDAE

Microphallus minus—Macrohrachiiim nipponensis; Crust. ; Decapoda

TROGLOTREMATIDAE

Paragonimus westermani—Camharoidcs daimricus; Crust. ; Decapoda

Eriocheir sinensis; Crust. ; Decapoda

FAMILY UNCERTAIN

Distome of Eckstein

—

Culex pipiens; Insecta; Diptera

Metacercaria of Joyeux, 1928

—

Anopheles maculipennis; Insecta; Diptera

Cercaria X.i of Harper, 1929

—

Gammarus pulex; Crust.; Amphipoda

Orchestia littorea; Crust. ; Amphipoda

Chironomus plumosus; Insecta; Diptera

Culex pipiens; Insecta; Diptera

Tipula maxima; Insecta ; Diptera

Pedicia rivosa; Insecta; Diptera

Dysticus marginalis; Insecta; Coleoptera

Sialis lutarius; Insecta ; Diptera

Halesus sp. ; Insecta ; Trichoptera

Limnophilus centralis; Insecta ; Trichoptera

Limnophilus rhombicus; Insecta ; Trichoptera

Plectrocnemia conspersa; Insecta; Trichoptera

Rhyacophila dorsalis; Insecta; Trichoptera

* Unpublished work by M. F. Jones.
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NEMATODA

SPIRURIDAE

Gongylonema ingluvicola—Copris niinutus; Insecta; Coleoptera *

Phanaeus carnifex—Insecta ; Coleoptera *

Fhysocephalus se.valaius—Canthon lacvis; Insecta ; Coleoptera

Gymnopleurus sinnatiis; Insecta ; Coleoptera

Phanaeus carnifex; Insecta; Coleoptera

Larval splrurid (?)

—

Campodca sp. ; Insecta; Thysanura

PHYSALOPTERIDAE

Proleplus scUlicula—Carcinus maenas ; Crust. ; Decapoda

Ettpagurus bcrnhardus ; Crust. ; Decapoda

ACUARIIDAE

Cheilospiriira hamulosa—Melanoplus fcmurrubniin; Insecta; Orthoptera *

Cheilospirtira spinosa—Melanoplus femurrubrum; Insecta; Orthoptera

.-Icnaria anthurts—Melanoplus femurrubrum; Insecta; Orthoptera*

Crickets ; Insecta ; Orthoptera *

TETRAMERIDAE

Tetrameres amcricana—Melanoplus differentialis; Insecta ; Orthoptera

Melanoplus femurrubrum; Insecta ; Orthoptera *

FILARIIDAE

IVuchereria bancrojti—Acdes alb olaterails; Insecta ; Diptera

Aedes chemulpoensis; Insecta ; Diptera

Aedes galloisi; Insecta; Diptera

Aedes subpictus; Insecta; Diptera

Armigeres obturbans; Insecta; Diptera

Culex anmilus; Insecta ; Diptera

Culex bilaeniorhynchus karatsuensis; Insecta ; Diptera

Culex japoniciis; Insecta; Diptera

Culex pipiens pallens; Insecta ; Diptera

Culex tipuliformis; Insecta; Diptera

Culex tripunctatus; Insecta; Diptera

Culex tritaeniorhynchus; Insecta; Diptera

Culex whitmorei; Insecta; Diptera

DRACUNCULIDAE

Philometra nodulosa—Cyclops brevispinosus; Crust.; Copepoda

FAMILY UNCERTAIN

Cystopsis accipenseris—Dikeroganimarus haemobaphes; Crust. ; Amphipoda
Gammarus platycheir; Crust. ; Amphipoda

Cyclopsinema mordens—Pachycyclops signatus; Crust. ; Copepoda

* Unpublished work of E. B. Cram.
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LIST BY HOSTS

(Cest. = Cestoda; Trem. = Trematoda ; Nem. =: Nematoda)

CRUSTACEA

AMPHIPODA

Corophuim curvispinum—AmphiUna foliacea; Cest. ; Cestodaria

Dikcrogammarm baemobaphes—Amphilina foliacea; Cest. ; Cestodaria

Cystopsis accipenseris; Nem. ; Family ?

Gammarus platycheir—AmphUina foliacea; Cest. ; Cestodaria.

Cystopsis accipenseris; Nem.; Family?

Hyalella a::teca—Protcocephaliis ambloplitis; Cest.; Proteocephalidae

COPEPODA

Cyclops brevispinosus—Philomctra nodulosa; Nem. ; Dracunculidae

Cyclops fuscus—Diphyllohothrium ranarum; Cest. ; Diphyllobothriidae

Cyclops serrulatus—Proteocephalus pinguis; Cest. ; Proteocephalidae

Proteoccphaliis ambloplitis; Cest. ; Proteocephalidae

Cyclops sp.

—

Diphyllobothrium decipiens; Cest. ; Diphyllobothriidae

Diphyllobothriiim erinacei; Cest. ; Diphyllobothriidae

Ophiotaenia testudo; Cest. ; Proteocephalidae

Cyclops strenuus—Diphyllobothrium mansoni; Cest. ; Diphyllobothriidae

Cyclops viridis—Proteoccphaliis pinguis; Cest. ; Proteocephalidae

Proteocephalus ambloplitis; Cest. ; Proteocephalidae

Macrocyclops signatus—Cyclopsincma mordcns; Nem.; Family?

Pachyclops signatus—See Macrocyclops signatus

Cambaroidcs dauuricus—Paragonimus zvcsterviani; Trem. ; Troglotrcmatidac

Carcinides (Carcinus) macnas—Prolepttis scillicola; Nem.; Physalopteridae

Carcinus maenas—See Carcinides {Carcinus) maenas

Eriocheir sinensis—Paragonimus zvestermani; Trem. ; Troglotrcmatidae

Eupagurus bcrnhardus—See Pagurus bcrnhardns.

Macrobrachium nipponensis—Microphallus minus; Trem. ; Heterophyidae

Pagurus bcrnhardus—Prolcptus scillicola; Nem.; Physalopteridae

MYSIDACEA

Metamysis sirauchi—Amphilina foliacea; Cest. ; Cestodaria

OSTRACOBA

Cypris sp.

—

Hymcnolcpis anaiina: Cest.; Hymenolepididac

Hymenolcpis collaris; Cest. ; Hymenolepididac

Hymcnolepis coromda; Cest. ; Hymenolepididac
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INSECTA

COLEOPTERA

Aiiisotarsiis ac/ilis—Raillictina ccsficilltis; Cest. ; Davainiidae

Hyincnolepis carioca; Cest.; Hymenolepididae

AnisotarsHs tcnninahis—RaiUietina cesticillus; Cest.; Davainiidae

Aphodiits granarius—RaiUietina cesticillus; Cest. ; Davainiidae

Canthon lacvis—Physocephalus scxalatus; Nem. ; Spiruridae

Choeridinni histcroidcs—RaiUietina cesticillus; Cest.; Davainiidae

Hymenolepis carioca; Cest. ; Hymenolepididae

Copris Jiiiniitus—Gongylonema ingluvicola; Nem.; Spiruridae

Cratacantlms dubius—? Choanotacnia infimdibidum; Cest.; Hymenolepididae

Dysticus niarginalis—Cercaria X.i of Harper, 1929; Trem. ; Family?

Gymnoplenrus simtatus—See Gytnnopleurus sinuatus

Gymnopleurus sinuatus—Spirocerca sanguinolenta; Nem. ; Spiruridae

Hister (Carcinops) 14-striatus—Hymenolepis carioca; Cest.; Hymenolepididae

Phanaeus carnifex—See PJianaeus vindex

Phanaeus vindex—Gongylonema ingluvicola; Nem.; Spiruridae

Physocephalus sexalatus; Nem. ; Spiruridae

Selenophorus ovalis—RaiUietina cesticillus; Cest. ; Davainiidae

Selenophorus pedicularis—RaiUietina cesticillus; Cest. ; Davainiidae

Tripledrus rusticus—Raillictina cesticillus; Cest. ; Davainiidae

NEUROPTERA

Sialis lutarius—See Sialis flainlatera

Sialis flavilatera—Cercaria X.i of Harper, 1929; Trem.; Family?

TRICHOPTERA

Halesus sp.—Cercaria X.i of Harper, 1929; Trem.; Family?

Limnophilns centralis—Cercaria X.i of Harper, 1929; Trem.; Family?

Limnophilus rhombiciis—Cercaria X.i of Harper, 1929; Trem.; Family?

Plectrocnemia conspersa—Cercaria X.i of Harper, 1929; Trem.; Family?

Rhyacophila dorsalis—Cercaria X.i of Harper, 1929; Trem.; Family?

Aedes albolateralis—Wuchereria bancrofti; Nem. ; Filariidae

Aedes chemulpoensis—Wuchereria bancrofti; Nem. ; Filariidae

Aedes galloisi—Wuchereria bancrofti—Nem. ; Filariidae

Anopheles maculipennis—Metacercaria of Joyeux, 1928; Trem.; Family:

Anopheles rossi—See Anopheles subpictus

Anopheles subpictus—Wuchereria bancrofti; Nem. ; Filariidae

Armigeres obturbans—See Desvoidya obturbans

Chironomits pliinwsus—Plagiorchis maculosus ; Trem. ; Plagiorchiidae

Cercaria X.i of Harper, 1929; Trem.; Family?

Chironomus sp.

—

Plagiorchis maculosus ; Trem. ; Plagiorchiidae

Culex ammlus—See Ctdex tritaeniorhynchus
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INSECTA {Continued)

niPTERA (Continued)

Culcx bitaeniorhynchus karatsuensis—Wuchereria bancrofti; Nein. ; Filariidae

Culex japonicus—Wuchereria bancrofti; Nem. ; Filariidae

Culex pipiens—Distome of Eckstein ; Trem. ; Family ?

Cercaria X.i of Harper, 1929; Trem.; Family?

Wuchereria bancrofti ; Nem. ; Filariidae

Culex pipiens pallens—See Culex pipiens

Culex tipuliformis—Wuchereria bancrofti; Nem. ; Filariidae

Culex tripunctatus—Wuchereria bancrofti ; Nem. ; Filariidae

Culex tritaeniorhynchus—Wuchereria bancrofti; Nem. ; Filariidae

Culex whitmorei—Wuchereria bancrofti; Nem. ; Filariidae

Desvoidya obturbans—Wuchereria bancrofti; Nem. ; Filariidae

Tipula maxima—Cercaria X.i of Harper, 1929; Trem.; Family?

Pedicia rivosa—Cercaria X.i of Harper, 1929; Trem.; Family?

THYSANURA

Campodea sp.—Larval spirurid (?); Nem.; Spiruridae?

ORTHOPTERA

Cricket

—

Acuaria anthuris; Nem. ; Acuariidae

Melanoplus different ialis—Tetrameres atnericana; Nem. ; Tetrameridae

Melanoplus femurrnbrum—Tetrameres americana; Nem. ; Tetrameridae

Cheilospirura hamulosa; Nem. ; Acuariidae

Cheilospirura spinosa; Nem.; Acuariidae

Acuaria anthuris; Nem.; Acuariidae


