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Seasonal frequency and positioning of parasitic midges
(Chironomidae) on Pteronarcys biloba nymphs
(Plecoptera:Pteronarcyidae)
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Abstract. Mature nymphs of Pteronarcys biloba collected from Catamaran Brook, New Brunswick,
between October 1994 and October 1995, were hosts to high numbers of parasitic chironomid larvae
[Nanocladius (Plecopteracoluthus) undescribed sp., nr. branchicolus). Nanocladius (P.) sp. has a univoltine
life cycle in Catamaran Brook, with emergence occurring nearly simultaneously with the stonefly
host in late May and early June. The chironomid larva constructs a silken case on the stonefly nymphs
and feeds on hemolymph by piercing the gill tissue or the intersegmental membranes. Stoneflies were
collected from different habitat types in 4 stream reaches from the headwaters to the mouth, and the
position and number of attached chironomids was recorded for each nymph. The frequency and
density of parasitic chironomids was not related to habitat type, but was related to reach; significantly
more larvae/host were found in mid-catchment reaches than at the headwaters or mouth (p < 0.05).
No parasitized stoneflies were found in the headwater reach, but between 80 and 100% of mature
stonefly nymphs collected from the mid-catchment and mouth reaches were parasitized. Mean chi-
ronomid densities (X =1 SE) were 6.7+0.4 chironomids/mature host in the fall of 1994 and 3.5+0.44
in the summer and fall of 1995. Both frequency and density of chironomids were highest on the
oldest stonefly age class present; younger stoneflies were also parasitized, but at significantly lower
levels. Larval positioning on stoneflies differed with age of larvae; early instar chironomids attached
mainly to the thoracic pleura, just under the wingpads, but most migrated to femora by early fall
(September), and overwintered on the femora.
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Chironomids have been reported in associa-
tions with many aquatic insect orders including
Plecoptera, Ephemeroptera, Trichoptera, Odo-
nata, and Megaloptera (e.g., Corbet 1961, Steffan
1965, 1967a, 1967b, White et al. 1980, Dosdall et
al. 1986, de la Rosa 1992, Jacobsen 1993, Epler
and de la Rosa 1995). In the Plecoptera, most
reports have been confined to the Perlidae (Stef-
fan 1965, 1967b, Dosdall and Mason 1981) and
some species of Pteronarcys (Pteronarcyidae;
Dosdall et al. 1986, R.E. Jacobsen, University of
Pittsburgh, personal communication). Associa-
tions may range from simple phoresy (a sym-
biotic relationship where an organism uses its
host as a means of transportation; de la Torre-
Bueno 1978) to parasitism (feeding on the host
hemolymph; Steffan 1967a, Jacobsen 1993). Par-
asitic relationships may be identified by the
presence of feeding scars on the hosts and by
the lack of sediment or detritus in the guts of
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the midges (Jacobsen 1993). Phoretic associa-
tions are often facultative (midges found free-
living as well as in association; de la Rosa 1992),
but parasitic associations tend to be obligate,
with the life cycle of the parasite closely tuned
to the host (Jacobsen 1993).

High numbers of attached chironomid larvae
were noted on Pteronarcys biloba nymphs in Cat-
amaran Brook, New Brunswick during surveys
in the fall of 1993. Little is known about the re-
lationships of chironomids and their aquatic in-
sect hosts other than the frequencies of occur-
rence and the identities of the species involved;
information on habitat preferences, especially
relative to the host, seasonality, and on mecha-
nisms of colonization is generally lacking. How-
ever, substrate and food availability, predation,
competition, and evolutionary history are all
thought to influence symbiotic associations
(Steffan 1967b, Svensson 1976, Gotceitas and
Mackay 1980, Jacobsen 1993). The objective of
this study was to determine the nature of the
symbiotic association and to document the den-
sity, frequency, and positioning of attached chi-
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ronomids on their stonefly hosts over a 1-y pe-
riod.

Study Site

Catamaran Brook is a 3rd-order tributary of
the Little Southwest Miramichi River in central
New Brunswick, Canada (see Cunjak et al. 1990,
1993 for detailed habitat descriptions). The
brook drains an area of 52 km? and has a total
length of 20.5 km. Four reaches were chosen for
study in the stream: the Upper Reach (head-
waters), the Middle Reach (half-way down the
length of the stream), the Gorge Reach (just
downstream of the Middle), and the Lower
Reach (at the mouth).

The Upper Reach had relatively high gradi-
ent, cobble-boulder substrate, and a stream
width of only 1-2 m. The Middle and Lower
Reaches were similar with respect to substrate
and stream gradients; both reaches had rela-
tively low gradient and primarily gravel/cobble
substrates (with some boulder). Stream width
varied from 4-5 m wide in the Middle Reach to
7-12 m wide in the Lower Reach. The Gorge
Reach was a high gradient bedrock-controlled
reach located between the Middle and Lower
Reaches; substrates consisted mainly of bedrock
outcrops, and stream width was 5-8 m. Ripar-
ian vegetation in all reaches consisted of alder
near the brook, with a mixed forest of maple,
pine, birch, balsam fir, cedar and spruce along
the banks.

Replicated sites representing 4 habitat types
were identified in each reach, consisting of 2 of
each of the following: Riffle (characterized by
shallow depths, fast water flow, a broken water
surface, and large, heterogenous substrate), Run
(with deeper, slower water flow than the riffles,
an unbroken water surface, and somewhat
smaller substrates), Flat (slow but measurable
water flow, an unbroken and glassy water sur-
face, generally small sized and more homoge-
neous substrate than either the riffles or runs),
and Pool (deep, depositional regions with zero
or very slow flow, and silt-covered substrates).

Methods

Pteronarcys biloba nymphs were sampled from
all sites in late October 1994, and every 2 wk
from 18 May to 10 October 1995, by field-sorting
leaf packs collected using a D-ring kick net with
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a 200-pm mesh. In October 1994, mature stone-
flies were also picked off the barrier net and
apron seine following electrofishing surveys to
monitor fish populations. Stonefly nymphs were
identified to species using the keys of Claassen
(1931) and Smith (1917). Adult stoneflies were
reared in the laboratory and confirmed as P. bi-
loba using the keys of Hitchcock (1974). Identi-
fication of chironomid larvae and instar sepa-
ration was done first by Bohdan Bilyj (BIOTAX
Inc., Toronto, Ontario), then confirmed from
lab-reared specimens (larvae, pupae, pre-pupae,
and adults) by R.E. Jacobsen (Dept. of Biological
Sciences, University of Pittsburgh), who is cur-
rently preparing a description of the species.

Total length (excluding antennae and cerci),
head capsule width, and wing pad lengths of
stonefly nymphs were measured using an ocu-
lar micrometer in a steroscopic microscope and
used to group the stoneflies into age classes.
Number, position, and size of attached chiron-
omids on stonefly hosts was recorded for each
site and sample date. The total number of chi-
ronomids per late-instar host was statistically
compared for Riffle and Run habitats only, for
the Lower, Gorge and Middle Reaches, because
stoneflies were too rare to provide a statistical
sample in the other sites or reaches (i.e, Pools,
Flats, Upper Reach sites). Comparisons were
made among different habitat types and reaches
on given sample dates, then for dates and reach-
es using a 2-way ANOVA.

Results
Life histories

We collected 465 Pteronarcys nymphs, all of
which were P. biloba. Three separate stonefly co-
horts were differentiated on most sample dates
according to body length, head capsule width,
and wing pad length, suggesting a 3-y life cycle.
However, the field-sorting technique did not ad-
equately sample very small nymphs, and a 4th
cohort may have been present. Emergence of P.
biloba occurred in mid to late June in 1994 and
from early to mid June in 1995; no mature stone-
fly nymphs were found in the 13 June sample
in 1995.

Only 1 species of midge [Nanocladius (Plecop-
teracoluthus) sp.] was found in association with
P. biloba. All midge larvae collected in October
and May were in the 4th instar, showing that
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this instar is the overwintering stage. Prepupae
were first noted in mid May, when numbers of
chironomids per host were declining, and no
midges were seen on any size of Pteronarcys
nymph on the mid-June sample, suggesting that
they emerged nearly simultaneously with their
hosts in early June. Second-instar larvae were
noted in small numbers in late June, and most
larvae were in the 3rd instar by the end of July.
Examination of gut contents of attached Nano-
cladius larvae collected throughout the season
(R.E. Jacobsen, personal communication) re-
vealed full guts with little sediment or detritus,
suggesting that they were feeding parasitically
on the stoneflies. In addition, feeding scars were
noted on the gills (Fig. 1A) and thoracic inter-
segmental membranes of all stonefly hosts.

Density and frequency of midges

Chironomid density on P. biloba was depen-
dent upon stream reach and sample date (Fig.
2, 2-way ANOVA, p < 0.05), but not on habitat.
Midge density was generally lower on stoneflies
collected from the Lower Reach than in the
Middle and Gorge Reaches (Fig. 2), although
stonefly densities were similar in all 3 reaches.
Very few stoneflies were collected from the Up-
per Reach, and none of these carried parasitic
chironomids. Chironomid densities (averaged
over the entire sampling period) were highest in
the Middle Reach, followed by the Gorge Reach
and the Lower Reach. The parasite load was
more than twice as high in fall 1994 than for the
same period during 1995 (Fig. 2). No significant
differences were found in numbers of attached
chironomids among stoneflies collected from
Riffle and Run habitats (ANOVA, p > 0.05); and
although nymphs collected from Pools and Flats
were too few for statistical analysis, they carried
numbers of chironomids similar to those on
stoneflies from Riffles and Runs.

Density and frequency of chironomids on
host stoneflies were strongly dependent upon
the age and size of the host. A comparison of
chironomid density and frequency on the 2 larg-
est stonefly size classes present on each sam-
pling date showed that 80-100% of the largest
stoneflies carried chironomid parasites for most
of the year (Fig. 3A). In contrast, less than 40%
of the next stonefly size-class had attached chi-
ronomids on summer sampling dates, and den-
sities were considerably lower than on the larg-
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est size class (Fig. 3B). No chironomids were
found on stoneflies that were <12 mm in length.
Seasonally, frequency of occurrence was highest
in fall and early spring, with nearly 100% of
mature nymphs and 75-100% of the next age-
class carrying parasites.

Positioning of chironomids on stonefly nymphs

The chironomids attached to the stoneflies by
constructing silken cases (Fig. 1). The most com-
mon attachment sites were the femora and tho-
racic pleura, just under the wingpads or the
prothoracic terga (Figs. 1, 4), although some lar-
vae attached to the abdominal or thoracic sterna,
coxae, bases of the gills, back of the head cap-
sule, tarsi, and—on one occasion—at the base of
an antenna. Early instar chironomids (in June
and July) attached preferentially to the thorax,
just under the meso- and meta-thoracic wing-
pads; but as they grew larger they migrated to
the femora, so that by late September, the ma-
jority of chironomids were attached to the legs
of their stonefly hosts (Fig. 4).

Discussion

Earlier studies of associations between chiron-
omids and stoneflies have inferred phoretic re-
lationships, with the chironomids attaching to
the stoneflies and feeding on detritus rather
than directly on the host (Steffan 1965, 1967a
and b, Dosdall and Mason 1981, Dosdall et al.
1986). The lack of sediment and detritus in the
guts of the attached chironomids in this study,
and the presence of feeding scars on the stone-
flies, strongly suggest that Nanocladius (Plecop-
teracoluthus) sp. larvae are parasitic on P. biloba.
The chironomid is believed to be the same spe-
cies as one that is parasitic on nymphs of P. pro-
teus and P. scotti in Maryland and Pennsylvania,
feeding primarily on hemolymph obtained by
piercing the gills (R.E. Jacobsen, personal com-
munication).

Nanocladius (Plecopteracoluthus) sp. is univol-
tine in Catamaran Brook. Chironomids appar-
ently emerged around the end of May in 1995,
slightly in advance of the emergence period of
the stonefly host, which occurred from the end
of May to the first week or so of June. By mid-
July, most of the older P. biloba were parasitized,
and chironomid larvae grew steadily through
the summer and fall, to overwinter as 4th-instar
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FiG. 1.

Pteronarcys biloba nymph showing attachment sites of Nanocladius (P.)sp. larvae. A.—Ventral view;

attachment along the meta-femur (metasternum is at the bottom left of the picture, and chironomid head is
pointing toward the tibia). Note the feeding scars (dark spots) on the tips of the gills. B.—Lateral view, showing
attachment under the mesothoracic and metathoracic wingpads (prothorax is to the right of the picture).

larvae. In Maryland, this species is bivoltine on
Pteronarcys proteus, with emergence in May and
August (R.E. Jacobsen, personal communica-
tion). Chironomids parasitizing mayflies attach
to their hosts as early instar larvae and remain
until emergence, which is timed to coincide with
the emergence of the hosts (Jacobsen 1993); this

pattern is similar to that seen for the stoneflies
in our study.

Pteronarcys biloba probably has a 3-y life cycle
in Catamaran Brook, because 3 size classes of
stonefly nymphs were present on any sampling
date. Most studies of Pteronarcys populations
suggest 2—4-y life cycles (Stewart and Stark
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FIG. 2. Mean (*1 SE) numbers of Nanocladius (P.) sp. larvae per Pteronarcys host (>12 mm length) in Middle,
Gorge, and Lower Reaches of Catamaran Brook, October 1994 to October 1995. Note: high discharge prevented

sampling in the Gorge Reach on 18 May and 30 May.
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FiG. 3. Chironomid density (mean no. per host =1 SE) and frequency of parasitism (% of hosts carrying

chironomids) for the 2 oldest cohorts of P. biloba nymphs on any sampling date in Catamaran Brook, October

1994 to October 1995. A.—Oldest cohort (those collected October 1994 to May 1995 emerged June 1995; the

remainder emerged June 1996). B.—Middle cohort (those collected October 1994 to May 1995 emerged June
1996; the remainder emerged June 1997). Note: no chironomids were found on the youngest stonefly cohort,
and nymphs were collected on all sampling dates; zero values indicate times when no chironomids were found

associated with a particular size-class of stonefly.
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FIG. 4. Seasonal patterns in positioning of Nano-
cladius (P.) sp. larvae on Pteronarcys biloba from Cata-
maran Brook, October 1994 to October 1995. Key: F1
= prothoracic femur; F2 = mesothoracic femur; F3 =
metathoracic femur; P1 = prothoracic pleuron; P2 =
mesothoracic pleuron (under wingpad); P3 = meta-
thoracic pleuron (under wingpad), Ab = first or sec-
ond abdominal sternum, Oth. = other. Note that
midges emerged in early June, were first noted as 2nd-
instar larvae on 28 June, and grew to 4th instar by
mid to late September.

1993). Nanocladius (P.) sp. preferentially attached
to the oldest size class (2-y-old nymphs) of P.
biloba present in the brook in the early summer
following oviposition, and did not attach to
younger nymphs (1-y old) until late August.
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This pattern could relate to the size of the stone-
fly nymphs at that time; nymphs <12 mm long
never carried chironomid parasites, and only the
2-y-old nymphs were >12 mm at the time that
early instar chironomids were present. By late
August, some 1-y-old nymphs reached 12 mm
in length and began to show some parasitism,
but always at a lower level than the older
nymphs. This suggests that some of the older
chironomid larvae may become displaced from
their hosts and reattach to other suitable hosts,
or that some may migrate from one host to an-
other during development. An important result
of this pattern, however, is that the stonefly
hosts may spend most of their lives with no, or
relatively low, parasitism levels, even where the
parasite load for later instars is high.

The most commonly reported attachment
sites for chironomids on aquatic insect hosts are
the wingpads and thoracic sterna (Benedict and
Fisher 1972, Dosdall and Mason 1981, Dosdall
et al. 1986) although Steffan (1967b) and Dosdall
and Mason (1981) reported phoretic chironom-
ids on the tibiae of perlid stoneflies. In our
study, early instar chironomid larvae attached
preferentially to thoracic pleura, mainly under
the meso- and metathoracic wing pads, but by
early autumn, they began to migrate to the fem-
ora of the stoneflies. Steffan (1967b) and Bottorff
and Knight (1987) also reported differential at-
tachment sites of older and younger larvae of N.
(P.) downesi on Acroneuria (Perlidae) nymphs, al-
though in that case, the larvae moved from po-
sitions around the cerci and tibiae to the surface
of the wingpads. Positioning on the thoracic
pleura would give larvae easy access to the gills
and intersegmental membranes for feeding, but
attachment to the femora, especially in the fall,
often resulted in the heads pointing away from
the soft gill tissue. It is possible that the femurs
provide a more favourable attachment site for
overwintering, perhaps in a diapause or non-
feeding stage. Results of laboratory rearing (Gi-
berson, unpublished data) support the possibil-
ity of a diapause stage for the midges, because
fall-collected chironomids showed little or no
development after 8 wk at 20°C in lab aquaria,
although stoneflies began emerging after 4 wk.

Steffan (1967a) and Corbet (1961) have sug-
gested that ectosymbiotic associations in aquatic
insects resulted from the need for protection
from drifting or damage in fast-flowing, unsta-
ble watercourses. A host insect is thought to
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represent a more stable substrate and decreases
a chironomid’s risk of being dislodged in fast
flowing streams. Further, White et al. (1980) hy-
pothesized that phoretic chironomids were
more common in sand-bottomed streams where
other hard substrates suitable for attachment are
unavailable. Steffan (1965) and Jacobsen (1993)
proposed that commensal and parasitic ortho-
cladiine midges represent distinct and indepen-
dently derived life strategies, with commensal
forms evolving from herbivorous or detrivorous
ancestors and parasitic forms arising from pre-
dacious forms. However, Jacobsen (1993) points
to the discovery of parasitic species in genera
that were previously believed to be entirely
commensal as proof that some parasitic species
may have evolved from commensals.

The reported frequency of symbiotic chiron-
omids on their aquatic insect hosts is variable
depending on the study and the host species
involved. In some cases, nearly 100% of mature
nymphs or larvae are occupied (Steffan 1967b,
Hilsenhoff 1968, Benedict and Fisher 1972),
whereas other studies report only a small per-
centage of hosts with attached chironomids
(Dosdall et al. 1986, de al Rosa 1992). The num-
ber of chironomids found per host is also vari-
able, but is generally low, with only one or two
per host (eg., Steffan 1967b, Gotceitas and
Mackay 1980, White et al. 1980, Dosdall and
Mason 1981, Dosdall et al. 1986). In Catamaran
Brook, both the frequency and density of at-
tached midges on stoneflies appears to be high-
er than in other studies of ectosymbiotic midges
on stoneflies (e.g., Steffan 1967b, Dosdall et al.
1986, R.E. Jacobsen personal communication),
although there was no shortage of stable sub-
strates for natural attachment sites. In addition,
there was no consistent pattern of abundance
{number of chironomids per host) between slow
and fast water habitats. The only density pattern
that was noted was a reach effect; a higher level
of parasitism was observed in the mid-catch-
ment reaches (Middle and Gorge) than in the
Lower Reach despite similar stonefly densities
in the 3 reaches, and no consistent pattern was
found between density and reach stability.

Although we present data on the presence
and distribution of parasitic midges on Pteron-
arcys, the ultimate effect of this interaction re-
mains to be investigated. The relatively high chi-
ronomid load on the stonefly hosts (1 stonefly
carried 17 chironomids, and many carried >10)
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might be expected to have a detrimental effect
on the performance or fitness of the host. Some
mayflies (e.g., Ephemeridae) also carry high
parasitic chironomid loads and show visible
feeding damage with no apparent effects on de-
velopment or emergence, although Jacobsen
(1993) suggested that there could be overall ef-
fects on fitness. Presence of attached chironom-
ids did not appear to have impeded emergence
of stonefly hosts in the lab, but studies of overall
survivorship, growth, and fecundity are re-
quired to determine the impact of parasitism in
this species. In particular, it would be interest-
ing to compare parasitism effects on Pteronarcys,
where the parasitism is confined to the latter
part of the life cycle, with those on other insects
that are parasitized for most or all of their life
cycle.
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