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Xenochironomus canterburyensis (Diptera: Chironomidae), a
commensal of Hyridelln menziesi (Lameflibranchia) in
Lake Taupo; features of pre-adult life history

D, |, Forsyre and I. P, McCALLUM

Ecology Division, Department of Scientific and Industrial Research,
P.O, Box 415, Taupe, New Zealand

The Jarvae and pupae of the univoltine chironomid

Xenochironomus  canterburyensis

(Freemanj are inguiline commensals of the freshwater mussel Hyridella menziesi (Gray).
The Ist- and 2nd-instar larvae enter the mantle/valve cavity of the mussel i midsummer, and
by early winter migrate as 3rd-instar larvae fo the posterior end of the valve to lodge near its
margin beside the inhalant siphon. During the spring, growth of the periostracum of the vaive
margin between the larva and the mantle of the mussel leaves the 4th-instar larva outside the
mantle/vaive cavity, where it pupates before leaving the mussel for the lake surface and aduit

CHergence,

_ INTRODUCTION

Larvae and pupae of Xenochironomus canterbury-
ensis  {Freeman} have been reported as obligate
inquiline comménsals of -the freshwater mussel
Hyridella menziesi {Gray) st Tweo Mile Bay, Lake
Taupo (North Island, New Zealand) by Forsyth &
McCallum (1978). The present paper deals with the
spatial and seasonal distribution of these two species,
and with details of the life history of X. canterbury-
2nsis,

This is the only known commensal relationship of
a chironomid with a lamellibranch molluse, aithough
various types of association of chironomid larvae
with Gastropoda, other Diptera, Trichoptera, Ple-
coptera;, Ephemeroptera, Porifera, and Bryozoa have
beenn recorded (Steifan 1968). X. xemolabis, an
Holarctic species, has been described as an endo-
parasile of sponges {Chernovskii 1949),

MATERIALS AND METHODS

The mussels were collected by hand each month from
November 1976 to Fanuary 1978 (except December
1976). Collections were made at. Two Mile Bay from
three sites (1, 2, and 3 in Fig. 1). Sile 1 was in
1-2m of water at the northern end of the bay, about
20m off shore. Site 2 was in abouf 2.5m of waler
(within the zone of wave action), and Site 3 in
about 4.5 m {always below the zone of wave action).

In November 1976, 82 mussels from Site 1 were
examined for larvae of X, canterburyensis. The fre-
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guency. distribution of larvae buried in the nacre of
the shells was measured from this coligetion, The
numbers of mussels infested, and the larval instars
and their localion. in the mussel were recorded. Sub-
sequent surveys were usually made monthly, but
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Fig. 1. Bathymetry of Two Mile Bay, 1. Taupo,
showing sampling sites (1-3) (depths in m; J,
jelty). Inser: lecation of Two Mile Bay {arrowed).
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from 29 November 1977 to January 1978 measure-
ments were taken at least fortnightly to record the
rate of disappearance of larvae, After the initial
adult emergences in December 1977, all cavities of
the mussels—especially that between the mantle and
the valve—were washed out, and the washings were
examined for #st-instar larvae under a dissecting
Microscope.

The popuiation density of H. menziesi was meas-
ured by counting their numbers in at least 10 squares
of 0.25m* at the siles on 5 occasions.

RESULTS AND DISCUSSION
As with other Chironomidae, X. canterburyensis has
four larval instars. These depend on H. mengiesi for
survival and development, and on the seasonal
growth at the valve margin of the mussel for pupation
and egress from the host before adult emergence.

Mussels were infested with larvae throughout the
vear (Table 1). In November 1976, 84% were in-
fested and 35% hosted two larvae, although there
was never more than one live larva per valve, Of 98
larvae recovered then, 76 were 4th instar and 22 were
3rd instar; all were located near the inhalant siphon
in a groove bounded by the outer margin of the
valve on one side and the spring growth of perio-
stracum on the other (Fig. 2, 3 & 4C). In January
1977 only 129, were infested, comprising 3rd- and
4th-instar larvae and a single pupa. No more pupae
appeared until early December 1977, A new genera-
tion of chirenomids appeared by February 1977,
when 50% of mussels were infested, mostly by 2nd-
or 3rd-instar larvae between the mantle and the valve
in the mantlefvalve cavity. Fourth-instar farvae of
the previous generation were present until March,
although in 1978 they disappeared a month earlier
(Table 1). No Ist-instar larvae were found in mussels
in 1977, nor was any stage of X. canterburyensis
found in the epen water, in the sediment, or on the
macrophytes. However, ist-instar larvae were found
in mussels in early January 1978 and 2nd instars
appeared a week later. In 1977, 2nd instars were
present from February to April and 3rd instars were
found in all months, but were rare in December and
Tanuary.

Fourth-instar larvae were present from the end of
October 1977 to mid Fanwary 1978, though in 1977
they were still present in early March. Pupae
appeared in early December in 1977, and were
present until mid Fanuary in both 1977 and 1978. The
overwintering larvae had therefore pupated and
emerged as adults within a period of about 5 weeks,

The larvae were located in different parts of the
mussel at different times. Until Apri} the 2nd- and
3rd-instar larvae were randomly distributed in the
mantlefvalve cavity, in the region bounded by the

dorsal margin of the valve, the pallial line, and
the anterior and posterior adductor muscies. Some
larvae had moved towards the posterior parts of this
region by May, and from June onward most larvae
were beneath the periostracal membrane at the valve
margin near the inhalant siphon. Te get there, the
larva must break through the line of attachment of
the mantle to the shell along the pallial line.

By the end of October, coincident with the appear-
ance of 4th-instar larvae, the first larvae appeared
outside the mantle/valve cavity (Fig. 3, ¢f. Fig. 4A &
C}. To change location from within the cavity be-
neath the periostracal membrane to the oulside and
in direct contact with the lake waters, the late 3rd-
instar or early 4th-instar larva Hes adjacent to the
shell margin beneath the periostracal membrane (Fig.
4A). The spring growth of the valve was initiated
by the development of a layer of periostracum be-
tween the margin of the mantle and the larva (Fig.
4B, C). When the membrane between the old and
new periostracum ruptured, and the insect was [ree
to feave the mussel, it pupated. This initial perio-
stracum growth was more extensive in the region of
the shell near the larva than elsewhere, and was less
pronounced in mussels without larvae; the larva
apparently stimulates the mussel to lay down perio-
stracum in its vicinity. Periostracum growth eisewhere
in the margin occurred up to 2 months later, when
most larvae and pupae had gone.

Competition for sites in the host appeared fo
cause heavy larval mortality. All valves had dead
Yst- and 2nd-instar larvae buried in the nacreous
layer of the shell {Forsyth & McCallom 1978).
The region of the valve bearing nacre is that bounded
by the dorsal margin of the valve, the anterior and
posterior adductor muscles, and the pallial line. In
this region, on average 25 larvae were buried in each
valve; this is a conservalive ecsfimate, since only
material that was recognisably chironomid was
counted — detrital material was present also. The
only other entombed animals were two ceratopogonid
larvae in one valve, Sections of shell revealed buried
chironomid larvae unrecognisable from the surface.

The change in stage and location of ist-, 2nd- and
3rd-instar larvae from the mantlefvalve cavity to the
inhalant siphon groove was accompanied by a change
in diet. The gut contents of 2nd and 3rd instars from
the cavity comprised mainly sloughed-off cells from
the mantie epithelium, mucus, and fine delritus,
whereas those of 4th-instar larvae from the groove
comprised mainly epiphytic diatoms typical of the
assemblage growing on the mussels, macrophytes,
and rocks in the littoral zone of Two Mile Bay.

Where there was a greater density of mussels, a
smaller proportion of them was infested with X.
canterburyensis. The mean population density of
mussels in winter was 1.26/m? for Site 1, 8.66/m® for
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Fig. 2 {upper) and Fig. 3 (lower}; captions top of p. 799
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Fig. 2. Body of Hyridella menziesi in left valve; right valve and part of right mantle removed to show gills.

Fig. 3. Position of 4th-instar larva of Xenochironomus canterburyensis in relation to growth of shell and

body of Hyridella menziesi (semi-diagrammatic).

Key to Fig. 2-4: aam, anterior adductor muscle; g, gills; ht, hinge tecth; is, inhalant siphon; I18G,
inhalant siphon groove; 1, ligament; me, membrane; mil, left mante; mr, right mantle; MVC, mantle/
valve cavity; n, nacrecus laver of wvalve; np, new growth of periostracum; p, periostracumy; pam,
posterior adductor muscle; pl, prismatic layer of valve; x, larva of Xenochironomus canterburyensis.

Fig. 4. Section (diagrammatic) through valve and
margin of mantle of Hyridella menziesi to show
seasonal changes in position of larva of Xeno-
chironomus canterburvensis {represented by a
dot): A, late 3rd instar or 4th instar beneath
membrane at valve margin, late winter; B, 4th
instar with new growth of periostracum pro-
duced between larva and mantle margin, with
formation of new membrane; C, 4th nstar ex-
posed to open water by rupture of old mem-
brane (dot at right shows position of 2nd and
3rd instars in autumn and early winter),

Site 2, and 46.20/m” for Site 3 {Tahle 2); the mean
percenfage infestation of mussels in the four months
before emergence was 829 for Site 1, 729% for Site
2, and 66% for Site 3 (Table 3}, The only significant
differences {P <0001} between the sites were in the
percentage infestation with larvae between Sites 1
and 3, and in the percentage infested with two larvae
between Sites | and 2. Comparison between sifes
showed that when 509 of mussels were infested 129
had two larvae, but when 100% were infested 45%
had two larvae (r = 0.74, P<0.001).

All larval stages of Xenochironomus moved more
stuggishly than those of free-living species. During
its free-living existence between hatching and enter-
ing the mussel, Xenochironomus may be more active
to aveid capture by the numerous, small, bottem-
feeding fish Gebiomorphus sp, On the other hand,
the Jethargic habit would be advanfageous in the
mantle/valve cavity, since it would cause less irrita-
tion to the mussel and therefore be less likely to
provake burial by the mussel in the nacre of the shell,

Selective pressure on Ist- and 2nd-instar larvae to
be restricted in number fo one per valve must be

TFable 2. Population density of Hyridella menzies
expressed as numbers per m® at the 3 sampling
sites in Two Mile Bay, L. Taupo (—, not

measured)

Site 1 Site 2 Site 3

26 May 1977 — e 43

29 Jun e e 37

27 Oct 12 10 51

2% Nov 1.6 5 27

7 Dec 1.0 1t 73
Mean: 1.26 B.66 46.20

Table 3, Percentage infestation of Hyridella menziesi by Xenochironomus canterburyensis before emergence

of adults at 3 sites in Two Mile Bay, L. Taupo

Site 1 Site
T infested 9 with 2 larvae % infested % with 2larvae 9 infested % with 2 larvae

2 Aug 1977 o0 47
25 Aug i 30
21 Sep 76 38
27 Oct 68 32
29 Nov 85 50

7 Dec 95 41

Mean: 82 41

Site 2 Site 3
70 10 47 13
55 25 60 20
62 24 75 10
84 29 33 20
86 23 84 44
74 42 77 30

72 26 66 23
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heavy, since there is space for only one 4th-instar
larva in the inhalant siphon groove. Judging by the
number of larvae buried in the nacre, several larva-—
mussel encouniers must occur each season. If this
selective pressure is exerted only by the burial of live
larvae as a reaction fo irritation, then possibly more
thasn one 4th instar could survive to reach the groove.

There appeared to be some competition between
drd instars also: in May we found one recently dead
3rd-instar larva alone in one mussel, one in a mussel
with one other larva, and one in a mussel with two
other larvae. In both July and August we found one
dead larva with one other larva. Experiments showed
that 3rd-instar larvae could re-enter a mussel after
being removed, so these encouniers may have
occurred when mussels died and larvae sought new
hosts; empty mussel shells were common downslope
from Site 3. Possible incipient endoparasitism was
evident in 3rd-instar larvae burrowing into the mantle.

The average summer water temperature at a depth
of 4 m in Two Mile Bay was 16.8°c, with a maximum
of 21°c in January and February. At 20°c, free-living
Chironomus zealandicus Hudson and Syrcricoropus
pluriserialis (Freeman) complete their life cycles in

about 21 days and achieve at least two generaiions
vearly. That X. canterburvensis is univoltine over a
range of temperature at which free-living chironomid
species are multivoltine emphasises the obligate
nature of its associalion with the mussel—it depends
on the spring growth of its host to complete its life
cycle.
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