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Several species of aquatic insects in Trout Park
ature Preserve (Elgin, IL) were observed to have

mall, black spots (F0.1 mm diameter) visible within
heir bodies. Microscopic examination revealed these
pots to be coiled juveniles of a mermithid (Nematoda:
ermithidae). Based on host habitat (seepage areas

nd rivulets), host species (aquatic insects), and size
mean diameter of coiled juveniles 5 79 mm), it is likely
hat these mermithids were in the genus Pheromermis.
ince adult mermithids were not found, species deter-
ination was not feasible, and the possibility of a new

pecies cannot be ruled out. Pheromermis pachysoma
nd Pheromermis vesparum, however, are two species
nown to use aquatic insects as paratenic (i.e., trans-
ort) hosts in order to reach their definitive hosts,
espid wasps. Wasp larvae are infected by consuming
he flesh of adult aquatic insects that contain the
oiled juveniles of these Pheromermis spp. Of the 19
acroinvertebrate species examined in this study,
heromermis juveniles were found in 4 caddisfly spe-
ies (Hesperophylax designatus, Lepidostoma liba, Glos-
osoma intermedium, and Diplectrona modesta) and in

stonefly species (Clioperla clio and Amphinemura
elosa). In addition to all 6 insect species being new
ost records for Pheromermis infection, this also repre-
ents the first report of nematode infection in stone-
ies within the Western Hemisphere and of a Pheromer-
is sp. in Illinois. Among trophic groups, insect

etritivores have been frequently recorded infected
ith coiled Pheromermis juveniles because of their
irect consumption of eggs, and we also observed this
or detritivores in our investigation (e.g., L. liba and A.
elosa). Because C. clio was intensively infected, how-
ver, our study also provided evidence that predatory
nsects can be paratenic hosts. Coiled juveniles were
ypically present in muscle and fat body and present in
lmost all body regions. Not every infected paratenic
ost had external signs of infection; thus, dissections
re required for accurate determination of infection
revalence and intensity. Our findings, in conjunction

ith those made in previous studies, indicate that a P

89
ide variety of aquatic insects may be used as paratenic
osts by Pheromermis. Because of their small size, it is
ighly likely that coiled juveniles are either overlooked or
istaken for melanized integumental wounds during field

tudies of aquatic insects. A more careful inspection for
hese coiled juveniles in aquatic insects, especially detriti-
ores and their predators in seepage areas, would prob-
bly reveal that Pheromermis is far more common than
resentlydocumented. r 1999 Academic Press

Key Words: Hesperophylax designatus; Lepidostoma
iba; Glossosoma intermedium; Diplectrona modesta;
lioperla clio; Amphinemura delosa; Pheromermis
esparum; Pheromermis pachysoma; prevalence and
ntensity of infection.

INTRODUCTION

Following an aquatic macroinvertebrate survey of
rout Park Nature Preserve, Elgin, Illinois (Vinikour
nd Anderson, 1984), some preserved specimens were
oted to have small, black spots (,0.1 mm diameter)
isible within their bodies. Microscopic examination
evealed each spot to contain a nematode—identical to
he coiled juveniles of Pheromermis (Mermithidae) as
llustrated in Poinar (1981). As a result, this investiga-
ion was initiated to characterize this Pheromermis infec-
ion within this aquatic macroinvertebrate community.

Parasitism of aquatic insects by mermithid nema-
odes has been frequently reported, and the dipteran
amilies Chironomidae, Simuliidae, and Culicidae have
een especially well studied in this regard (Poinar,
979). Mermithids typically have a single host in their
ife cycle, and development commences soon after egg
atch when the second-stage juvenile (i.e., one molt
ccurs inside the mermithid egg) comes into contact
ith a suitable host and penetrates into its hemocoel.
ollowing completion of their parasitic development,
ermithids typically emerge from their hosts, molt to

he adult stage, mate, and lay eggs. Poinar (1976) and

oinar et al. (1976), however, reported that the mermi-

0022-2011/99 $30.00
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90 MOLLOY, VINIKOUR, AND ANDERSON
hid Pheromermis pachysoma had an unusual life
istory requiring two hosts—an aquatic paratenic and
terrestrial definitive host. Paratenic (i.e., transport)

osts have been documented in the life cycles of other
elminths (e.g., hairworms (Nematomorpha); Poinar
nd Doelman, 1974), but were previously unknown
mong the Mermithidae. Incorporation of a paratenic
ost into an aquatic nematode’s life cycle is advanta-
eous in that it allows exploitation of terrestrial hosts
hich these parasites would otherwise be unable to

ontact (Poinar et al., 1976). Paratenic hosts also assist
n spatial and temporal dispersal of the parasites since
he paratenic host acts as an accumulator of the
arasitic organisms (Kennedy, 1975).
Based on aquatic habitat and documented paratenic

osts of described Pheromermis spp., these mermithids
rom Trout Park could have been P. pachysoma or
heromermis vesparum, but the possibility of a new
pecies cannot be ruled out. The overall life cycle of P.
achysoma or P. vesparum is similar (Fig. 1) and can be
ummarized as follows (Poinar et al., 1976; Kaiser,
987). An egg containing a second-stage juvenile is
ypically eaten by an aquatic insect. Following egg
atch within the gut, the juvenile migrates to various
ost tissues and remains in a coiled, quiescent stage
ithout any further development. These coiled mermi-

hids typically appear as black spots in tissues underly-
ng a host’s integument. Since there is no evidence of

FIG. 1. Life cycle of Pheromermis spp. infecting aquatic insects

aiser (1987).
ost tissue consumption, infection of paratenic hosts by
heromermis spp. is normally benign. Following its
etamorphosis to the adult stage and the start of its

errestrial existence, the paratenic host may then be
aptured by a wasp (Hymenoptera: Vespidae) and
rought back to its nest. Wasp larvae are infected by
onsuming the flesh of such infected prey. Following
ompletion of its parasitic development within the
emocoel of a wasp, the postparasitic stage emerges

rom an adult wasp when it is visiting a water source or
et area. Upon their return to water, these two Pheromer-
is spp. complete their life cycle by molting to the adult

tage, mating, and laying eggs. Virgin females and re-
eased eggs can remain viable in nature for a year or more.

The present study of Trout Park macroinvertebrates
urther expands the list of paratenic hosts for Pheromer-

is and includes the first record of nematode infection
n stoneflies (Plecoptera) within the Western Hemi-
phere. In addition, it traces the dynamics of Pheromer-
is infection in one of the paratenic host populations

rom early through late instars and documents the
ocation of the coiled mermithids within the body
egions of their paratenic hosts.

MATERIALS AND METHODS

Trout Park Nature Preserve is located on the heavily
ooded eastern bluff of the Fox River in the northern

wasps based on life histories described in Poinar et al. (1976) and
and
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91PARATENIC HOSTS OF Pheromermis
art of the city of Elgin, Illinois. The bluff slopes
teeply, with park elevations ranging from 220 m at the
ase to 245 m at the bluff top. The preserve contains
wo steep ravines and several shallow depressions
long the slope. Five major brooks are contained within
he 10.5-hectare preserve and each brook has spring-
nd seepage-fed rivulets feeding into them. The major
rook is about 670 m long. Spring and seep tempera-
ures are 11°C, whereas temperature extremes in the
ower portion of the main brook range from 4 to 18°C.
epths range from ,3.0 cm to about 1 m in some pooled
reas. Brook widths range from 0.3 to ,3.0 m, with
ost averaging 1–2 m wide. Substrates in all the

rooks are predominantly cobble interspersed with
maller particles ranging to silts. Marl deposits are also
xtensive throughout the park, as are leaf packs and
ood debris.
Aquatic macroinvertebrates were collected and pre-

erved monthly from October 1979 through May 1980
rom brooks, rivulets, and seepage areas. Invertebrates
ere hand collected from all major habitat types includ-

ng cobble, gravel, sand/silt, marl, wood debris, aquatic
egetation (algae and watercress), leaf litter packs, and
rtificial substrates (e.g., bricks, cans, and other trash).
oiled nematodes were noted in some specimens dur-

ng the identification phase of the survey. Thus, a
umber of alcohol-preserved macroinvertebrates (19
pecies) were dissected and examined for infection
703).

RESULTS AND DISCUSSION

ermithid Species Determination

The melanized cavities containing the nematodes
ere round and laterally flattened, apparently due to

he pressure exerted within by the coiled juvenile.
ean cavity diameter was 79 µm (range 60–89 µm,
5 10). Poinar (1981) had reported a range in diam-

ter of 60–100 µm for coiled juveniles of P. pachysoma,
ut similar published information is unavailable for P.
esparum. It is likely, however, that the diameter of
avities containing coiled juveniles of both species
ould be similar since the size of infective-stage juve-
iles of P. pachysoma (L 3 W < 300 3 12 µm, Fig. 6 in
oinar et al., 1976) falls within the range for P. vespa-
um (L 3 W 5 245–300 3 12–13 µm; Kaiser, 1987).
nfortunately the length of the coiled Pheromermis

uveniles from Trout Park could not be reliably mea-
ured due to the rigidity of the alcohol-preserved speci-
ens. In any case, determination of mermithid species

s based primarily on adult morphology. Poinar et al.
1976) had indicated that free-living stages of P. pachy-
oma in California could be observed in the spring in
lusters just under the surface of the soil or under the
ravel forming the bottom of streamlets. Adult P.

achysoma and P. vesparum are relatively large, wide, A
hite worms, and adult females have been recorded to
ave a mean length and width, respectively, of 6.7 cm
nd 0.9 mm (Poinar et al., 1976) and 7.9 cm and 0.9 mm
Kaiser, 1987). Such mermithids, however, were not
bserved during a search of rivulets and seepage areas
ithin Trout Park in May 1997, and thus no specific
etermination of this Pheromermis sp. was possible for
his study.

aratenic Host Range

P. pachysoma has been reported to have both a wide
ange of paratenic hosts and a wide geographical
istribution, including North American and European
ecords (Poinar, 1981). Field reports of its paratenic
osts (Poinar et al., 1976; Poinar, 1981) include Tricho-
tera (Gumaga griseolum, Limnephilus peltus, and
esperophylax sp.), Diptera (Tipula sp.), Coleoptera,
nd Ephemeroptera. In addition, dipteran larvae and
phemeropteran nymphs have been successfully in-
ected as paratenic hosts in the laboratory (Poinar,
981; Kaiser, 1987). North American collection records
or P. pachysoma include the states of Arizona, Califor-
ia, Colorado, Louisiana, Nevada, New Mexico, North
arolina, Oregon, South Dakota, Tennessee, Utah, and
yoming and the Canadian provinces of British Colum-

ia, Ontario, and Saskatchewan (Poinar, 1981). P.
esparum has been reported only from Austria (Kaiser,
987) where its paratenic hosts included Trichoptera
Limnophilidae) and Diptera (Tipulidae), but since
urveys of Pheromermis spp. are so rarely conducted,
he geographical distribution of P. vesparum is likely
uch more extensive than implied by this single pub-

ished report.
Of the 19 macroinvertebrate species examined from

he Trout Park study, Pheromermis juveniles were
ound in four caddisfly species (Hesperophylax designa-
us, Lepidostoma liba, Diplectrona modesta, and Glosso-
oma intermedium) and in two stonefly species (Cliop-
rla clio and Amphinemura delosa) (Table 1). In addition
o all six insects being new host species records for
heromermis infection, this also represents the first
eport of Pheromermis in the state of Illinois and of
ematode infection in stoneflies within the Western
emisphere. Unidentified nematodes, possibly Phero-
ermis, however, have been reported from European

toneflies. Kuhtreiber (1934) indicated that unidenti-
ed nematodes were found inside the intestines of
tonefly nymphs and adults in the Tyrolean Alps.
choenemund (1924) indicated that there were uniden-
ified coiled nematodes present in stonefly intestines
uite often in Germany and that young and older
ymphs of Perla and Perloides had unidentified mermi-
hids in their body cavity, antennae, caudal filaments,
nd ‘‘back vessels.’’ Winkler (1956) reported an 11-cm-
ong Mermis sp. in the abdominal cavity of a stonefly.

lthough the stonefly in the latter reference does not
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92 MOLLOY, VINIKOUR, AND ANDERSON
epresent a paratenic host, it is particularly curious
ince the size of this mermithid is unusually long, and
ully developed Pheromermis spp. within the hemocoels
f their definitive hosts are relatively large mermithids.
. pachysoma and P. vesparum, for example, have been
eported up to 9.0 and 10.2 cm in length, respectively
Poinar et al., 1976; Kaiser, 1987).

revalence and Intensity

Prevalence and intensity of infection were particu-
arly high among C. clio, L. liba, and A. delosa (Table 1).
. clio was the only species collected in sufficient
umbers to examine infection on an individual monthly
asis. Both prevalence and intensity of infection in this
pecies were observed to increase throughout the study
eriod (Table 1, Fig. 2). Soon after hatching in October,
arly instar C. clio nymphs (head capsule width < 1.0
m) became lightly infected. Mean infection intensity,

s noted externally in the body wall, in such early
nstar C. clio was less than 1/stonefly in October, but

TAB
Pheromermis Infection in Macroinver

Species Principal habitat

richoptera
Hesperophylax designatus Wood debris
Lepidostoma liba Wood debris
Neophylax concinnus Wood debris, cobble
Wormaldia moesta Cobble
Diplectrona modesta Wood debris, leaf litter, cobble
Glossosoma intermedium Cobble, wood debris

lecoptera
Clioperla clio Leaf litter, wood debris
Amphinemura delosa Cobble, wood debris

Nemoura trispinosa Cobble, wood debris
phemeroptera
Baetis vagans Cobble, wood debris
iptera
Euparyphus sp. Wood debris
Dicranota sp. Leaf litter
Tipula abdominalis Leaf litter, wood debris
oleoptera
Agabus sp. Wood debris
Optioservus fastiditus Wood debris
Cymbiodyta sp. Wood debris

urbellaria
Dugesia dorotocephala Cobble, wood debris

sopoda
Caecidotea intermedius Cobble, leaf litter, wood debris

mphipoda
Gammarus pseudolimnaeus Cobble, watercress, leaf litter, wood

debris

a Merritt and Cummins (1996) and Pennak (1978).
b Coiled juveniles per infected host; except for C. clio, data presente
c No. infected/no. examined.
d Range in mean infection intensity in C. clio during individual mon
e October 1979–May 1980; monthly n 5 33.
eaked in April at .30 in late instars (head capsule g
idth < 3.0 mm) (Fig. 2).Likewise, maximum intensity
f infection in C. clio was 2 in October/November, 34 in
ecember/March, and 101 in April/May. Following dis-

overy of Pheromermis infection in these 1979–1980
urvey samples, 57 C. clio previously collected in 1977
n Trout Park were examined and all of them were also
nfected (mean infection intensity 5 11). Thus, Phero-

ermis infection was well established in Trout Park
receding the study.

haracteristics of Suitable Paratenic Hosts

Among trophic groups, insect detritivores are fre-
uently infected with coiled Pheromermis juveniles
ecause of their direct consumption of eggs (Poinar,
981). We also observed this for detritivores in our
nvestigation (e.g., L. liba and A. delosa, Table 1).
ecause C. clio was intensively infected (Table 1),
owever, our study also provided evidence that preda-
ory insects can be paratenic hosts. As an early instar,
. clio probably ingested some Pheromermis eggs while

1
rates in Trout Park Nature Preserve

Trophic relationshipa
No.

examined
Mean

intensityb
Prevalencec

(%)

redder, detritivore, herbivore 30 7.3 40.0
redder, detritivore 15 18.7 100
raper 34 0 0

ollector, filterer 21 0 0
ollector, filterer 18 1.3 16.7
raper 70 1.0 1.4

ngulfer, predator 264 23.8d 42.4–100e

redder, detritivore, collector,
gatherer

31 6.7 100

redder, detritivore 5 0 0

llector, gatherer, scraper 27 0 0

llector, gatherer, scraper 14 0 0
gulfer, predator 3 0 0
redder, detritivore, herbivore 11 0 0

ercer, predator 2 0 0
llector, gatherer, scraper 7 0 0
llector, gatherer 2 0 0

gulfer, predator 7 0 0

redder, detritivore 17 0 0

redder, detritivore 31 0 0

present pooled monthly dissections throughout study.

y samples 5 1–30; see Fig. 2.
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93PARATENIC HOSTS OF Pheromermis
er, Fig. 2), but we suggest that the sharp rise in
nfection intensity recorded during the following spring
April/May, Fig. 2) resulted from the probable consump-
ion of infected prey. Poinar et al. (1976) observed
xperimentally that coiled juveniles removed from a
ost were capable of infecting new paratenic hosts. It is
ypothesized, therefore, that following capture and
onsumption of other paratenic hosts, C. clio nymphs
imilarly became infected or, if already infected, in-
reased their intensity of infection.
In addition to trophic status, habitat is a key factor

etermining which aquatic insects may become in-
ected. Rivulet/seepage areas are believed to be highly
uitable locations where wasps (the probable final host
f this Pheromermis sp.) land to drink and, therefore,
lso ideal areas for nematode emergence, molting,
ating, and egg laying. Because of low water velocity,
heromermis eggs likely accumulate in such habitats,

ncreasing the probability of their ingestion by detriti-
ores. We suggest that C. clio became heavily infected
ecause of its preference for leaf litter and its predation
n detritivores in such microhabitats.
A large body size probably contributes to higher

revalence and intensity rates among suitable hosts
ue to increased food consumption, including Pheromer-
is eggs, and C. clio was one of the largest insects

ncountered at Trout Park. In this regard, however, it is
urprising that the largest insect in the survey, Tipula
bdominalis, was not found to be infected (Table 1).
his species is known in part as a detritivore, and
ipulids have been recorded as paratenic hosts for both
. pachysoma (Poinar et al., 1976) and P. vesparum
Kaiser, 1987). Possibly low sample size (i.e., 11) was a

FIG. 2. Intensity of externally visible Pheromermis in
fection in Clioperla clio nymphs during the study period.
ontributing factor. j

FIG. 3. Adult Clioperla clio with over 70 Pheromermis coiled
uveniles visible as black spots through integument.
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94 MOLLOY, VINIKOUR, AND ANDERSON
ffect of Infection on Host

In short-term, laboratory infection trials of Culex
ipiens with P. pachysoma, Poinar et al. (1976) ob-
erved that infection intensities of more than 100
uveniles caused host death. However, C. clio, possibly
ue in part to its large size and the long-term exposure
eriod (i.e., months), appeared unharmed by the accu-
ulation of such high densities of juveniles. Poinar

1981) reported up to 200 P. pachysoma in adult caddis-
ies and indicated that such densities were not detri-
ental since hosts readily underwent metamorphosis.
ince adult C. clio are over twice the size of adult
addisflies, they might be expected to support an even
reater burden of nematodes, and active, heavily in-
ected C. clio adults were observed in Trout Park (Fig. 3).

FIG. 4. Distribution of Pheromermis coiled juveniles (n 5 2689)
xternally visible in Clioperla clio nymphs (n 5 113). [Redrawn from
rison (1935).]

TAB
Distribution of Pheromermis Coiled Juveniles

Species

Total no.
infected hosts

examined

Total
coiled ju

obser

lecoptera
Clioperla cliob 113 2,68
Amphinemura delosa 31 20

richoptera
Lepidostoma liba 15 28
Hesperophylax designatus 12 8

a Excluding legs.
b Only data on externally visible juveniles are available for C. clio; a
s presented in Fig. 4.
ocation of Coiled Juveniles

Poinar et al. (1976) reported P. pachysoma in gut
all, muscles, and fat body of field-collected insects. In
ur study, coiled juveniles were typically present in
uscle and fat body within every body region. The

uveniles observed externally in C. clio specimens, for
xample, were present in virtually every body segment
Fig. 4). These black spots were almost invariably
oiled nematodes and not integumental wounds. De-
ending on host species, however, certain body regions
ppeared to be preferred sites. The majority of juve-
iles were observed in the abdomen of L. liba, in the

egs of H. designatus, and in the thorax of both C. clio
nd A. delosa (Table 2). Poinar (1981) indicated that
oiled juveniles in caddisflies were primarily visible
hrough the integument in the abdomen, with fewer in
he thorax and legs.

Dissections revealed that not every infected paratenic
ost had external signs of infection. Although 100%

15/15) of infected L. liba had at least one coiled
uvenile externally visible, 9.7% (3/31) and 25.0% (3/
2), respectively, of infected A. delosa and H. designatus
howed no external signs of infection. Among all coiled
uveniles within a host’s body, the percentage that were
isible externally was similar among the three hosts for
hich sufficient data were available: 66.0% (138/209),
2.5% (175/280), and 65.5% (57/87), respectively, in A.
elosa, L. liba, and H. designatus. Thus, accurate
eterminations of infection prevalence and intensity
oes require that dissections be performed.

esearch Recommendation

Our findings, in conjunction with those made in
revious studies, have shown that a wide variety of
quatic insects are used as paratenic hosts by Pheromer-
is. Because of their small size (#0.1 mm), it is highly

ikely that coiled juveniles are being frequently over-
ooked or mistaken for melanized integumental wounds
n aquatic insects during field studies. A more careful

2
Individual Body Regions of Paratenic Hosts

.
iles

% Distribution

Legs Abdomen Thoraxa Head

6.2 33.8 49.5 10.5
0.0 42.7 57.3 0.0

8.0 77.8 14.2 0.0
63.1 12.4 17.6 6.9

re extensive breakdown of distribution of externally visible juveniles
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in

no
ven
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95PARATENIC HOSTS OF Pheromermis
nspection for these coiled juveniles in aquatic insects,
specially detritivores in seepage areas, probably would
eveal that Pheromermis is far more common than
resently documented.
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