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ABSTRACT. Larval chironomid mouthpart deformities are used as indicators of anthropogenic stress.
However, there are limited data on the incidence of naturally occurring deformities. Chironomid larvae
were collected from 252 reference sites throughout the Great Lakes by Environment Canada from 1991
through 1993. Overall incidence of mentum deformities was 2.27% for Procladius (SE = 0.46, n = 1055),
2.15% for Chironomus (SE = 0.51, n = 839), 1.27% for Heterotrissocladius (SE = 0.57, n = 393), 1.38%
for Tanytarsus (SE = 0.61, n = 363), and 3.25% for Polypedilum (SE = 1.07, n = 277). The most common
deformity was one missing tooth in the mentum. Deformity frequency was highest in Northern Channel
and Georgian Bay of Lake Huron. However, incidences were homogeneous among regions (G-test, p >
0.05). In examining contaminated conditions, a result greater than one 95% confidence interval above
these reference deformity frequencies should be considered significantly elevated from baseline levels.
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INTRODUCTION

Many taxa of larval chironomids develop in inti-
mate contact with sediments, and are therefore ex-
posed to substrate-bound contaminants (Heinis et
al. 1990). Numerous studies have indicated a strong
association between chironomid deformities and
contamination (Dickman et al. 1992; Diggins and
Stewart 1993; Hudson and Ciborowski 1996a,b;
Janssens de Bisthoven et al. 1995; Lenat 1993;
Martinez et al. 2001, 2002; Meregalli et al. 2002;
Warwick 1985, 1988, 1996; Wise et al. 2001). Mor-
phological deformities of the chironomid mentum
and mandibles are the main biomarkers of degraded
environmental conditions, though various other
mouthparts, the antennae, and pigmentation have
been used as well (Hamilton and Saether 1971;
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Hare and Carter 1976; Warwick 1988, 1990b;
Janssens de Bisthoven et al. 1995). However, inter-
pretation of deformity data requires results be com-
pared with those from suitable reference sites. 

Although few, if any, aquatic environments com-
pletely lack contaminants, reference areas are de-
fined on the basis of the physical, chemical, and
biological characteristics of the areas which repre-
sent the least degraded constituency available. Be-
cause there is insufficient knowledge of the natural
levels of chironomid mouthpart deformities
(Janssens de Bisthoven et al. 1995), due to small
sample sizes and varying definitions of deformities,
baseline levels have been reported from 0.0%
(Hamilton and Saether 1971, Bird 1994) to > 40%
(Warwick 1990b, Janssens de Bisthoven et al.
1992). Research is needed to determine true vari-
ability in background levels of deformities.

The purpose of this study was to document the
baseline levels of morphological deformities in chi-
ronomids collected from a broad geographic region
and from a large number of locations characterizing
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reference conditions. Natural incidence of mouth-
part deformities, among individual genera and
structures, and spatial variation among reference
sites were examined. Because deformities are as-
sumed to be associated with anthropogenic stress,
and not natural stresses, it is expected that there
will be no systematic spatial variation in the inci-
dence of deformities among reference sites. As
well, the observed incidence of deformity is ex-
pected to be low (< 5%), based on the incidence
previously reported in uncontaminated areas (Burt
and Ciborowski 1999).

METHODS

Larvae were collected, prepared, and identified
by Environment Canada as part of a larger study on
benthic community composition in the Great Lakes
basin (Reynoldson et al. 1995, Reynoldson and Day
1998, Reynoldson et al. 2000). Samples were taken
from 1991 to 1993 at 252 nearshore reference sites
withing 21 independent ecodistricts throughout the
Great Lakes, which were judged to be representa-

tive of unpolluted conditions (Fig. 1). Reference
sites were distinguished on the basis of 43 geo-
graphic, sediment and limnological variables (Table
1). Reference sites were located at least 5 km from
known point-source discharges as described in the
Ontario Intake and Outfall Atlas (Ontario Ministry
of the Environment 1990) and within 2 km of shore
(Reynoldson et al. 2000). Sites were at a depth of
less than 50 m and known or suspected to have fine
grained sediments (Bailey et al. 1995). Detailed
site-specific information on sediment and water
quality parameters is available from the Environ-
ment Canada electronic data archive (T.B Reynold-
son, Environment Canada, pers. comm.).

Organisms were collected by inserting five 10-
cm-long Plexiglas tubes (i.d. 5.5 cm) into the sedi-
ment collected with a box corer. Contents of each
sample were sieved through a 250 µm mesh sieve
and the materials retained were preserved in 10%
formalin before being transferred to 70% ethanol. A
low power stereo microscope was used to sort sam-
ples. Chironomids were subsequently slide mounted
using polyvinyl lactophenol mounting medium and

FIG. 1. Map showing reference sites throughout the Great Lakes.
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identified to genus. These organisms were then ex-
amined for morphological deformities. Deformities
were recorded at 40X through 1,000X with a
Kyowa Medilux-12 compound microscope.

In order to account for differences in sensitivity
among genera (Warwick 1988, Martinez et al.
2002), baseline levels of deformities were tabulated
in five separate genera: Chironomus, Procladius,
Tanytarsus, Polypedilum, and Heterotrissocladius.
The baseline level of deformities for each of these
five genera was tabulated to provide data on indi-
viduals from across a range of feeding habits
(Saether 1979, Martinez et al. 2002). Representa-
tive genera were selected for study based on abun-
dance data compiled by Environment Canada (T.B.
Reynoldson, pers. comm.). A total of 2,927 chi-
ronomid larvae was examined for deformities. The
most abundant genus was Procladius, with 1,055
individuals, followed by Chironomus with 839,
Heterotrissocladius with 393, Tanytarsus with 363,
and Polypedilum with 277 individuals. These five
genera were collected from 211 of the 252 sampling
sites. Individuals that were poorly mounted or dam-
aged were excluded from the study. 

Deformities in the mentum or ligula and
mandibles were recorded, as these are among the
most common structures to have deformities (Ver-
meulen 1995). The mentum, present in Chironomus,
Polypedilum, Tanytarsus, and Heterotrissocladius,
is a broad, sclerotized, toothed structure used in
collecting, scraping, and shredding food (Armitage
et al. 1995). The Procladius ligula is a five-toothed,
heavily sclerotized organ found at the anteromedial
margin of the head capsule (Oliver and Roussel
1983). The basic structure of the mandibles is the
same for all genera, with a row of teeth falling
along the inner margin. Each of the paired
mandibles was examined for deformities in each in-
dividual. Only those individuals that displayed a

mentum or mandible with missing or extra teeth
were defined as deformed (Dickman et al. 1992,
Hudson and Ciborowski 1996a). Examples of a de-
formed Chironomus mentum and mandible are il-
lustrated in Figure 2. This conservative definition
avoids the subjectivity inherent in some other clas-
sification schemes (Warwick and Tisdale 1988,
Lenat 1993).

Incidence of deformity was expressed as the pro-
portion ± 1 standard error (SE) of deformed larvae
at each site. Standard error was determined from
the binomial theorem as √(pq/n), where p is the pro-
portion deformed, q is 1-p, and n is the sample size.
Heterogeneity of the frequency of deformities
among sites in five geographic areas was examined
using the G-statistic goodness-of-fit test (Sokal and
Rohlf 1981), and Yates’ correction applied to those
groups with n < 5 (Zar 1996).

The incidence of deformity for each genus was
examined separately for each Great Lake, which
provided sufficient sample sizes for analysis of
spatial variation.

RESULTS

Deformed menta and mandibles were observed in
all five genera examined. The overall incidence of
deformities throughout the Great Lakes is summa-
rized in Table 2. 

Mentum Deformities

All genera exhibited relatively low levels of men-
tum deformities (Table 2). The most common de-
formity for Chironomus, Polypedilum, Tanytarsus,
and Heterotrissocladius was the absence of a lateral
tooth of the mentum. In Procladius, the most com-
mon aberration was the absence of the median tooth
in the ligula. Incidence of deformities across the
Great Lakes is recorded in Table 3. The frequency

TABLE 1. Environmental variables used to distinguish Great Lakes reference sites
(adapted from Reynoldson et al. 2000).

Geographic Variables Limnological Variables Sediment Variables

Latitude Water depth Particle size (% gravel, sand, silt, clay,
Longitude Dissolved oxygen mean size, 75th and 25th percentiles)
Lake basin pH Major elements (oxides of Si, Ti, Al,
Ecodistrict Temperature Fe, Mn, Mg, Ca, Na, K, P)
Date Alkalinity Nutrients (TP, TN, loss on ignition,

Total phosphorus TOC)
Kjeldahl nitrogen Metals (Totals for V, Cr, Co, Ni, Cu,
Nitrate-nitrite nitrogen Zn, As, Cd, Pb) \
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of mentum deformities was higher in the Northern
Channel and Georgian Bay than elsewhere, but the
difference was not significant (p > 0.05). All genera
displayed homogeneity in mentum deformities
among regions (Chironomus: G = 7.89, df = 4, 
p > 0.05; Procladius: G = 5.03, df = 3, p > 0.05;
Polypedilum: G = 3.51, df = 2, p > 0.05; Tanytar-
sus: G = 1.98, df = 2, p > 0.05; Heterotrissocladius:
G = 2.51, df = 2, p > 0.05).

Mandible Deformities

The frequency of deformity in the mandibles was
lower than that observed in the mentum (Table 2).
Similar to the mentum, the most common mandibu-
lar deformity involved the loss of a tooth. No sig-

nificant among-region variation (Table 4) was ob-
served in any of the genera examined (Chironomus:
G = 2.54, p > 0.05; Procladius: G = 1.27,  p > 0.05;
Polypedilum: G = 0.00, p > 0.05; Tanytarsus: 
G = 0.76, p > 0.05; Heterotrissocladius: G = 0.05, 
p > 0.05). 

DISCUSSION

While most mentum deformities in the present
reference study occurred within the lateral teeth, at
contaminated sites deformities are most commonly
reported in the median teeth (Cushman 1984,
Wiederholm 1984, Dermott 1991, Janssens de
Bisthoven et al. 1992, Bird 1994, Bird et al. 1995).
Medial Köhn gaps are a particularly common defor-

FIG. 2. Ventral view of Chironomus mouthparts. (A) Normal mentum. (B) Deformed men-
tum with an extra lateral tooth. The median tooth is not considered deformed by our conserv-
ative definition; See text. (C) Normal left mandible. (D) Deformed right mandible with miss-
ing tooth. (Figs. A and C adapted from Oliver and Roussel 1983.)
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mity associated with contamination (van Urk et al.
1992, Hudson and Ciborowski 1996a). This sug-
gests that deformities observed in the lateral teeth
of the mentum may be due primarily to natural de-
velopmental variation, while median tooth deformi-
ties and Köhn gaps are more likely the result of
contaminants. Though a study by Janssens de
Bisthoven et al. (1995) did not reveal any pollutant-
specific deformity responses, that study did not dis-
criminate between different deformity types or
areas of the mentum. Further research is neccessary
in this area to elucidate relationships.

There are few reports of elevated levels of
mandibular deformities in the literature, perhaps be-
cause extreme stress may be necessary for induc-
tion (Warwick 1988). The most common deformity

in the mandibles of larvae collected from the Great
Lakes reference sites was a missing tooth. In exam-
ining Procladius larvae from the St. Clair River,
Dermott (1991) observed that there were few defor-
mities of the mandible aside from a wrinkled outer
margin. All other studies utilizing deformities of
the mandible have not described the specific aberra-
tions (Hamilton and Saether 1971; Hare and Carter
1976; Wiederholm 1984; Warwick 1990a, b;
Janssens de Bisthoven et al. 1992, 1995; Bird 1994;
Bird et al. 1995; Jeyasingham and Ling 1997;
Pardalis 1997). 

Spatial Variation in Mouthpart Deformities

Though the reference sites represent a diverse
array of environmental and geological conditions,

TABLE 2. Incidence of deformities (%±SE) in the mentum and mandibles of five genera col-
lected from Great Lakes reference sites.

Deformed Upper 95% Deformed Upper 95%
Mentum Confidence Mandibles Confidence

Genus (%±SE) Limit (%±SE) Limit n

Chironomus 2.15 ± 0.51 3.15% 1.55 ± 0.43 2.39% 839
Procladius 2.27 ± 0.46 3.17% 1.04 ± 0.31 1.65% 1,055
Polypedilum 3.25 ± 1.07 5.35% 0.72 ± 0.51 1.72% 277
Tanytarsus 1.38 ± 0.61 2.58% 1.65 ± 0.67 2.96% 363
Heterotrissocladius 1.27 ± 0.57 2.39% 0.51 ± 0.36 1.22% 393

TABLE 3. Incidence of mentum deformities (%±SE) among Great Lakes water bodies for each of the
genera examined. Numbers in parenthesis represent sample size.

Lake Chironomus Procladius Polypedilum Tanytarsus Heterotrissocladius

Superior 0.0 0.0 N.A. 0.0 0.0
(1) (2) (0) (13) (124)

North Channel 0.81 ± 0.80 5.75 ± 2.49 2.84 ± 1.40 1.09 ± 1.08 5.88 ± 4.03
(124) (87) (141) (92) (34)

Georgian Bay 5.33 ± 2.60 1.98 ± 0.59 3.00 ± 1.70 1.48 ± 1.04 2.17 ± 1.52
(75) (555) (100) (135) (92)

Lake Huron 0.0 N.A. 13.33 ± 8.78 0.0 0.0
(1) (0) (15) (53) (34)

Lake Michigan 4.76 ± 2.73 0.0 0.0 0.0 0.96 ± 0.96
(84) (16) (2) (30) (104)

Lake St. Clair N.A. 0.0 0.0 0.0 N.A.
(0) (1) (1) (1) (0)

Lake Erie 2.06 ± 0.73 1.55 ± 0.77 0.0 50.0 ± 35.36 N.A.
(389) (258) (13) (2) (0)

Lake Ontario 0.61 ± 0.6 3.17 ± 1.56 0.0 2.70 ± 2.66 0.0
(165) (126) (5) (37) (5)
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these differences have no significant impact on the
incidence of deformities. This suggests that ele-
vated chironomid mouthpart deformities when
observed are due to causes other than to variation
in natural environmental characteristics. 

Incidence of Baseline Deformities

Chironomid mouthpart deformities have become
increasingly used as an indicator of environmental
stress. However, the incidence of deformities ob-
served in contaminated sites must be significantly
higher than observed in reference sites if one is to
conclude that the contamination is having a nega-
tive impact. A meta-analysis by Burt and Ci-
borowski (1999) described the results of 28 reports
utilizing deformities in chironomids as an indicator
of contamination. Of these, 12 studies did not tabu-
late the incidence of deformities in any reference
area, and all but four failed to find a significant in-
crease in the magnitude of deformities in the conta-
minated sites. This was attributed mainly to the use
of small sample sizes, which led to large standard
errors in the estimate of incidence of deformity.
Nevertheless, a meta-analysis revealed a very
strong association between contaminants and defor-
mities (Burt and Ciborowski 1999).

Previous authors have suggested that an inci-
dence of deformity of 3% is the typical background

level in the lower Great Lakes (Dermott 1991, Hud-
son and Ciborowski 1996a). This study has shown
the overall mean reference deformity frequencies to
be less than 3.25%, though specific water bodies
(North Channel) have incidences above 5%. Be-
cause the incidence of deformity is represented by a
proportion, the strength of a result is based upon
sample size. Hudson and Ciborowski (1996a) rec-
ommended that for detection of a doubling of their
estimated background levels to be judged statisti-
cally significant at p < 0.05, a minimum sample
size of 125 individuals be used. 

Using the incidence of deformity observed at ref-
erence sites in the Great Lakes, the binomial theo-
rem was used to back-calculate the minimum
sample sizes needed for each genus if the observed
incidence of deformity was 5% and the results were
statistically significant (p = 0.05). An incidence of
5% mentum deformities in any sample size of 92
Procladius, 86 Chironomus, 48 Heterotrissocladius,
52 Tanytarsus, or 998 Polypedilum would indicate a
statistically significant increase over the baseline
incidence. Based on these results, the recommenda-
tion of Hudson and Ciborowski (1996a) would be
more than sufficient for a 5% incidence to be sig-
nificant in all  genera, with the exception of
Polypedilum. The incidence of baseline mentum de-
formity is similar for each of Procladius, Chirono-
mus ,  Heterotrissocladius, and Tanytarsus .  If

TABLE 4. Incidence of mandible deformities (%±SE) among Great Lakes water bodies for each of the
genera examined. Numbers in parenthesis represent sample size.

Lake Chironomus Procladius Polypedilum Tanytarsus Heterotrissocladius

Superior 0.0 0.0 N.A. 0.0 0.81 ± 0.81
(1) (2) (0) (13) (124)

North Channel 1.61 ± 1.13 2.30 ± 1.60 1.42 ± 1.00 1.09 ± 1.08 0.0
(124) (87) (141) (92) (34)

Georgian Bay 1.33 ± 1.32 1.08 ± 0.44 0.0 1.48 ± 1.04 1.08 ± 1.08
(75) (555) (100) (135) (92)

Lake Huron 0.0 0.0 0.0 1.89 ± 1.87 0.0
(1) (10) (15) (53) (34)

Lake Michigan 3.57 ± 2.02 0.0 0.0 3.33 ± 3.28 0.0
(84) (16) (2) (30) (104)

Lake St. Clair N.A. 0.0 0.0 0.0 N.A.
(0) (1) (1) (1) (0)

Lake Erie 1.03 ± 0.51 0.78 ± 0.55 0.0 0.0 N.A.
(389) (258) (13) (2) (0)

Lake Ontario 1.82 ± 1.04 0.79 ± 0.79 0.0 2.70 ± 2.66 0.0
(165) (126) (5) (37) (5)
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individual numbers are low in reference sites, it is
possible to pool results into a composite for these
genera to create a larger sample size and strengthen
statistical comparison. It is not recommended that
results be pooled for contaminated sites, however,
as generic differences in susceptibility to deformity
have been observed with increased contamination
(Burt 1998, Warwick 1990a). 

The incidence of mentum deformity in all genera
pooled from the Great Lakes reference sites is 2.1 ±
0.2% (n = 2,927). This is elevated from results ob-
served in streams, rivers, and wetlands where the
baseline incidence is generally less than 1% (0.79 ±
0.22% (n = 1619): Swansburg et al. 2002; 0.0% (n
= 305): Bird 1994; and 0.6 ± 0.42 (n = 335): Whelly
2000). As a result, fewer organisms would be re-
quired to assess deformities in the Great Lakes than
in other environments. 

The baseline deformity frequency recorded in
this study is spatially homogeneous, and overall
sample sizes exceed most reported previously, pro-
viding a much smaller standard error. One may now
determine the statistical significance of elevated
mentum deformity evaluations in any Great Lakes
site by comparing the incidence of deformities in a
study site, with the baseline incidence reported
herein. This may be done by using either a good-
ness-of-fit test or the normal approximation for
comparing two proportions. A conservative ap-
proach consists of calculating the lower 95% confi-
dence limit of the incidence of mentum deformities
at a study site. If it is higher than the upper 95%
confidence limit calculated from the reference data
in this study, 2.73% for Procladius, 2.65% for Chi-
ronomus, 1.84% for Heterotrissocladius, 1.98% for
Tanytarsus, and 4.31% for Polypedilum, then one
may conclude that there is a significant elevation in
the incidence of mentum deformities (p < 0.05). 

ACKNOWLEDGMENTS

This research was supported by research grants
from the Natural Sciences and Engineering Re-
search Council of Canada to JJHC and by grants
from Environment Canada to TBR and JJHC. Spe-
cial thanks go to Craig Logan at CCIW for assis-
tance throughout and particularly after the study.

REFERENCES
Armitage, P., Cranston, P., and Pinder, L. 1995. The Chi-

ronomidae: Biology and Ecology of the Non-Biting
Midges. New York, NY: Chapman and Hall.

Bailey, R.C., Day, K.E., Norris, R.H., and Reynoldson,

T.B. 1995. Macroinvertebrate community structure
and sediment bioassay results from nearshore areas of
North American Great Lakes. J. Great Lakes Res.
21:42–52.

Bird, G.A. 1994. Use of chironomid deformities to
assess environmental degradation in the Yamaska
River, Quebec. Env. Mon. Ass. 30:163–175. 

———, Rosentreter, M., and Schwartz, W. 1995. Defor-
mities in the menta of chironomid larvae from Experi-
mental Lakes Area, Ontario. Can. J. Fish. Aquat. Sci.
52:2290–2295.

Burt, J. 1998. Deformities and fluctuating asymmetry in
Chironomidae (Diptera): Baseline incidence and
stress-induced occurrence. MSc thesis, University of
Windsor, Windsor, ON.

———, and Ciborowski, J.J.H. 1999. The value of tabu-
lating chironomid mouthpart deformities in assessing
anthropogenic stress: A meta-analysis. Bull. N. Am.
Benth. Soc. 16:198.

Cushman, R. 1984. Chironomid deformities as indicators
of pollution from synthetic, coal derived oil. Fresh-
wat. Biol. 14:179–182.

Dermott, R.M. 1991. Deformities in larval Procladius
spp.and dominant Chironomini from the St. Clair
River. Hydrobiologia 219:171–185.

Dickman, M., Brindle, I., and Benson,  M. 1992. Evi-
dence of teratogens in sediments of the Niagara River
watershed as reflected by chironomid (Diptera: Chi-
ronomidae) deformities. J. Great Lakes Res. 18:
467–480.

Diggins, T.P., and Stewart, K.M. 1993. Deformities of
aquatic larval midges (Chironomidae: Diptera) in the
sediments of the Buffalo River, New York. J. Great
Lakes Res. 19:648–659.

Hamilton, A.C., and Saether, O.A. 1971. The occurrence
of characteristic deformities in the chironomid larvae
of several Canadian lakes. Can. Entom. 103:363–368.

Hare, L., and Carter, J.C.H. 1976. The distribution of
Chironomus (s.s)? cucini (salinarius group) larvae
(Diptera: Chironomidae) in Parry Sound, Georgian
Bay, with particular reference to structural deformi-
ties. Can. J. Zool. 54:2129–2134.

Heinis, F., Timmermans, K.R., and Swain, W.R. 1990.
Short term sublethal effects of cadmium on the filter
feeding chironomid larva Glyptotendipes pallens
(Meigen) (Diptera). Aquat. Tox. 16:73–86.

Hudson, L.A., and Ciborowski, J.J.H. 1996a. Terato-
genic and genotoxic effects of contaminated sedi-
ment on midge (Chironomus salinarius gp.) larvae
(Diptera: Chironomidae). Env. Tox. and Chem .
15:1375–1381. 

———, and Ciborowski, J.J.H. 1996b. Spatial and taxo-
nomic variation in incidence of mouthpart deformities
in midge larvae (Diptera: Chironomidae: Chirono-
mini). Can. J. Fish. Aquat. Sci. 53:3–10.

Janssens de Bisthoven, L.G., Timmermans, K.R., and
Ollevier, F. 1992. The concentration of cadmium,



Baseline Incidence of Deformities in Chironomids 179

lead, copper and zinc in Chironomus gr. thummi lar-
vae (Diptera: Chironomidae) with deformed versus
normal menta. Hydrobiologia 239:141–149.

———, Huysmans, C., and Ollevier, F. 1995. The in situ
relationships between sediment concentrations of
micropollutants and morphological deformities in
Chironomus gr. thummi larvae (Diptera, Chironomi-
dae) from lowland rivers (Belgium): A spatial com-
parison. In Chironomids: From genes to ecosystems,
ed. P. Cranston, pp. 63–80. East Melbourne, Aus-
tralia: CSIRO Publ. 

Jeyasingham, K., and Ling, N. 1997. Head capsule
deformities in Chironomus zealandicus (Diptera: Chi-
ronomidae): Influence of site and substrate. New Zeal.
J.  Mar. Freshwat. Res. 31:175–184.

Lenat, D.R. 1993. Using mentum deformities of Chi-
ronomus larvae to evaluate the effects of toxicity and
organic loading in streams. J. N. Am. Benth. Soc.
12:265–269.

Martinez, E.A., Moore, B.C., Schaumloffel, J., and Das-
gupta, N. 2001. Induction of morphological deformi-
ties in Chironomus tentans exposed to zinc- and lead-
spiked sediments. Arch. Env. Contam. Tox. 20:
2475–2481.

———, Moore, B.C., Schaumloffel, J., and Dasgupta, N.
2002. The potential association between mental defor-
mities and trace elements in Chironomidae (Diptera)
taken from a heavy metal contaminated river. Arch.
Env. Contam. Tox. 42:286–291.

Meregalli, G., Bettinetti, R., Pluymers, L., Vermeulen,
A.C., Rossaro, B., and Ollevier, F. 2002. Mouthpart
deformities and nucleolus activity in field-collected
Chironomus riparius larvae. Arch. Env. Contam. Tox.
42:405–409.

Oliver, D.R., and Roussel, M.E. 1983. The Insects and
Arachnids of Canada. Part II. The Genera of Larval
Midges of Canada. Diptera: Chironomidae. Agric.
Can. Publ. 1746.

Ontario Ministry of the Environment. 1990. The Cana-
dian Great Lakes basin intake and outfall atlas (8
vols). Ed. M. Griffiths. Water Resources Branch,
Toronto, Ontario.

Pardalis, G. 1997. A comparison of responses of benthic
invertebrate individuals, populations and communities
to creosote contamination with emphasis on Chirono-
midae (Diptera). MS thesis, University of Windsor,
Windsor, ON.

Reynoldson, T.B., and Day, K.E. 1998. Biological guide-
lines for the assessment of sediment quality in the
Laurentian Great Lakes. Environment Canada,
National Water Research Institute Contribution Num-
ber 98–232.

———, Bailey, R.C., Day, K.E., and Norris, R.H. 1995.
Biological guidelines for freshwater sediment based
on BEnthic Assessment of SedimenT (the BEAST)
using a multivariate approach for predicting biologi-
cal state. Aust. J. Ecol. 20:198–219.

———, Day, K.E., and Pascoe, T. 2000. The develop-
ment of the BEAST: a predictive approach for assess-
ing sediment quality in the North American Great
Lakes. In Assessing the biological quality of fresh
waters—RIVPACS and other techniques, ed. J.F.
Wright, D.W. Sutcliffe, and M.T. Furse, pp. 165–180.
Freshwater Biological Association Special Publication
8. Ambleside, UK.

Saether, O.A. 1979. Chironomid communities as water
quality indicators. Holarctic Ecol. 2:65–74.

Sokal, R.R., and Rohlf, J. 1981. Biometry, Second Edi-
tion. New York, NY: W.H. Freeman and Co.

Swansburg, E.O., Fairchild, W.L., Fryer, B.J., and
Ciborowski, J.J.H. 2002. Mouthpart deformities and
community composition of Chironomidae (Diptera)
larvae downstream of metal mines in New Brunswick,
Canada. Env. Tox. Chem. 21:2675–2684.

van Urk, G., Kerkum, F.C.M., and Smit, H. 1992. Life
cycle patterns, density, and frequency of deformities
in Chironomus larvae (Diptera: Chironomidae) over a
contaminated sediment gradient. Can. J. Fish. Aquat.
Sci. 49:2291–2299.

Vermeulen, A.C. 1995. Elaborating chironomid deformi-
ties as bioindicators of toxic sediment stress: the
potential application of mixture toxicity concepts.
Ann. Zool. Fenn. 32:265–285.

Warwick, W.F. 1985. Morphological abnormalities in
Chironomidae (Diptera) larvae as measures of toxic
stress in freshwater ecosystems: indexing antennal
deformities in Chironomus Meigen. Can. J. Fish.
Aquat. Sci. 42:1881–1914.

———. 1988. Morphological deformities in Chironomi-
dae (Diptera) larvae as biological indicators of toxic
stress. In Toxic Contaminants and Ecosystem Health:
A Great Lakes Focus, ed. M.S. Evans, pp. 281–320.
New York, NY: Wiley and Sons.

———. 1990a. The use of morphological deformities in
chironomid larvae for biological effects monitoring.
Environ. Can. Inland Waters Dir. Sci. Publ. Ser. No.
173:1–34. 

———. 1990b. Morphological deformities in Chironomi-
dae (Diptera) larvae from Lac St. Louis and Laprairie
Basins of the St. Lawrence River. J. Great Lakes Res.
16:185–208.

———. 1996. Assessing chemical contamination in the
St. Clair River using morphological deformities in
chironomid larvae. St. Clair River Report, Ontario
Ministry of Environment, Sarnia, Ontario.

———, and Tisdale, N.A. 1988. Morphological deformi-
ties in Chironomus, Cryptochironomus, and Procla-
dius larvae (Diptera: Chironomidae) from two differ-
entially stressed sites in Tobin Lake, Saskatchewan.
Can. J. Fish. Aquat. Sci. 45:1123–1144.

Whelly, M. 2000. Field assessment of Chironomid
mouthpart deformities associated with exposure to oil
sands process water (Chapter 3). M.S. thesis. Univer-
sity of Windsor, Windsor, ON.



180 Burt et al.

Wiederholm, T. 1984. Incidence of deformed chirono-
mid larvae (Diptera: Chironomidae) in Swedish lakes.
Hydrobiologia 109:243–249.

Wise, R.R., Pierstorff, C.A., Nelson, S.L., Bursek, R.M.,
Plude, J.L., McNello, M., and Hein, J. 2001. Morpho-
logical deformities in Chironomus (Chironomidae:
Diptera) larvae as indicators of pollution in Lake
Winnebago, Wisconsin. J. Great Lakes Res.
27:503–509.

Zar, J.H. 1996. Biostatistical Analysis, Third Edition.
Upper Saddle River, NJ: Prentice Hall.

Submitted: 22 May 2002
Accepted: 18 December 2002
Editorial  handling: Thomas F. Nalepa


