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Abstract
In 1962, Montreal was awarded the host site of the 1967 World Exhibition. Considered
one of the most successful fairs in history and a part of Canada’s centennial celebration,
preparations for the event were extensive and included a project in collaboration with
Agriculture Canada to control pest populations of mayflies, shadflies, and midges that would
frequently swarm Montreal in the summertime. Between 1965 and 1967, over 16,000 kg of the
larvicide dicholorodiphenyldichloroethan (DDD) were applied directly to the St. Lawrence River
around the around Île Saint-Hélêne. The purpose of this paleolimnological study is to assess the
chironomid (non-biting midge) community of the St. Lawrence River prior to, during, and post
DDD inputs related to the 1967 World Exhibition. No thorough ecological study was performed
prior or following the application of DDD, and so in the absence of long-term monitoring, a
paleolimnological approach is the only technique capable of reconstructing how invertebrate
insect assemblages responded to such intensive pesticide inputs. Subfossil chironomid
assemblages preserved in a sediment core recovered from the affected area of the St. Lawrence
River were studied to assess the biological impacts of the World Expo DDD applications. This
study found that while total chironomid abundance remained low in sediments associated with
elevated DDD levels, abundance levels were not out of the range of natural variability. However,
certain taxa were found to have increased, while others decreased in response to the increasing
DDD levels during the 1967 World Exhibition, but interpretation of species changes was difficult
due to the complex history and continually changing state of the water quality of the St.
Lawrence. The results of this study suggest that chironomid may be effective indicators of
tracking the impacts of pesticide use in fluvial systems.
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Introduction:
In preparation for the 1967 World Exhibition, approximately 16 tonnes of the insecticide
dicholorodiphenyldichloroethan (DDD) were applied to the waters of the St. Lawrence River
near Montreal, Canada in order to control emergent pest insects, including mayflies, shadflies
and midges. Organizers of the 1967 World Exhibition were concerned that emergent pest insects
would detract from visitors’ enjoyment of the fair. However, few ecological studies were
performed on aquatic biota in order to assess the impacts of these insecticide applications.
Therefore, examining the response of insect remains preserved in riverine sediments as natural
archives of change is the only means to assess the impacts from these past DDD inputs. This
study fuses the fields of ecotoxicology and paleolimnology into the emergent field of
paleoecotoxicology, to assess the ecosystem response of insects in the St. Lawrence River to the
massive inputs of DDD during the 1967 World Exhibition.

Paleolimnology and Chironomids
This project investigates the impacts of the 1967 World Expo DDD applications on
aquatic insects through a paleolimnological approach. Paleolimnology is the study of river and
lake histories using the biological, chemical, and physical information that is preserved in
sediment at the base of the water column. The use of lake sediments as a natural environmental
archive allows for the assessment of DDD impacts on insect populations. With a lack of
rigourous ecological surveys prior to and following the DDD application, a paleolimnological
approach is the only technique capable of reconstructing how insect assemblages responded to
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such intensive pesticide inputs (Strayer et al., 1986). This approach of assessing past ecosystems
responses to pollutants is a relatively new and emerging field known as paleoecotoxicology.
Chironomids (non-biting midges) are commonly studied in paleolimnological research
because head capsules of chironomid larvae are abundantly preserved in aquatic sediments
(Walker, 2001). Additionally, chironomid population structures have been shown to be effective
bio-indicators of climate, anoxic conditions, eutrophy, metal and other chemical-industrial
pollutants (Hershey, 1985; Hofmann, 1988; Lotter, Birks, Hofmann, & Marchetto, 1997; Saether,
1979; Walker, 1987). Hofmann (1988) summarizes the suitability of chironomids for
paleolimnological research in four points: 1) chironomid fauna are highly diverse within aquatic
systems, with high numbers in both species and individuals; 2) chironomid species are adapted to
particular ecological conditions and habitats within aquatic systems; and 3) identification of head
capsules is possible, and due to the ecological adaptions of each species, the sub-fossil record is
indicative of ecological and environmental conditions at the time of deposition; and 4)
successional changes in chironomid fauna are documented in sediment, and are indicative of
changing ecological and environmental conditions.
Previous studies on pesticide effects on chironomids have generally taken a toxicological
approach: chironomid response to pesticides are described by characterizing and measuring the
frequencies of deformities in chironomid menta (“teeth”) (Ali et al., 1998; Anderson, 1980;
Madden et al., 1992). This study will expand knowledge of chironomids as indicator species by
investigating how chironomid community structure and overall abundance may change in
response to pesticides, such as DDD, in a natural fluvial system.

ENSC 502

Diana M. Zeng

9

Pest Control and the 1967 World Exhibition, Montreal
In the 20th century, World Exhibition fairs had been popular ways for countries to
showcase their culture and innovation. The United Kingdom hosted the first World Exhibition
fair in 1851, and showcased English engineering and industry (British Library, 2014). Montreal
won the bid to host the 1967 World Exhibition after Moscow withdrew its bid in 1962 (Library
and Archives Canada, 2013). The 1967 World Exhibition marked a monumental national event
for Canada and Quebec: not only did the 1967 World Exhibition give Canada an opportunity to
showcase itself to the world, it did so during Canada’s centennial anniversary (Library and
Archives Canada, 2013). Preparations for the fair were extensive, and the Canadian Corporation
for the World Exhibition (CCWE) was created to oversee the preparation and administering of
the fair (Library and Archives Canada, 2013). In addition to the CCWE, several other
government agencies were responsible for the development of the fair, including Agriculture
Canada, the Quebec provincial Department of Agriculture and Colonization, the Montreal
municipal Parks Department, and the Department of Trade and Commerce (Library and Archives
Canada, 2013). The 1967 World Exhibition was an immense success and is still today considered
one of the most successful and well attended fairs in modern history (Fondation Expo 67, 2013).
Projects to prepare for the 1967 World Exhibition were ambitious, and included projects
to expand Île Sainte-Hélène and Moffat Island (with Moffat Island later renamed Île NotreDame) using fill that had been evacuated from the construction of Montreal’s newly constructed
metro system (Library and Archives Canada, 2013). Many of the fair’s events took place on
these islands, and CCWE and Agriculture Canada officials worried that insect swarms that
emerge from the St. Lawrence River in the spring and summer would detract from visitors’
enjoyment of the pavilions on the islands. And so, among the many projects and plans in
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preparation of the 1967 World Exhibition was a temporary abatement scheme commissioned by
the CCWE and Agriculture Canada to control the pest insect populations of midge flies,
mayflies, and shadflies, that would frequently swarm visitors to Montreal in the summertime
(Corbert et al. 1966; Wiggins, 2004).
Between 1964 and 1965, Corbert et al. (1966) conducted an initial survey to assess the
extent of nuisance posed by the pest insects. They positioned light traps in strategic positions
around Île Sainte-Hélène to estimate the populations of pest insects between May and October.
Corbert et al. (1966)’s survey attributed the cause of the nuisance mainly to Trichoptera
(colloquially known as shadflies), but also other freshwater stream invertebrates (in Montreal,
Diptera are commonly called shadflies as well). The lifecycle of these insects include an egg and
larval stage that inhabit freshwater from which they emerge as airborne adults. Although well
over 100 Trichoptera, Diptera, and other insects were identified, only 8 Trichoptera species were
identified by Corbert et al. (1966) as pest species because they were found to be the most
prevalent species caught by the light trap—and so, occurred in “nuisance numbers”. The
development of the abatement scheme paid special attention to the 8 Trichoptera species. The
“massive use of light traps” was initially considered for the temporary abatement scheme, but it
was determined that chemical control would more likely guarantee an abatement within the 2
years before the 1967 World Exhibition (Fredeen, 1971). Initially, the adult life stage was
targeted rather than the larval life stage, partly to avoid direct pollution to the water by
pesticides, and so in 1965 DDT was sprayed onto the trees of Île Sainte-Hélène (Fredeen, 1972).
It was found that while the DDT was effective in reducing the adult pest populations, the results
did not last long and the DDT application had no practical effect two weeks later (Fredeen,
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1971). And so, an alternative abatement strategy to treat the waters of the St. Lawrence River
with DDD in order to target larvae was devised.
Between 1966 and 1967 and over a series of 6 applications (two in 1966 and 4 in 1967),
over 16 tonnes of DDD were applied to the waters of the St. Lawrence River upstream from Île
Sainte-Hélène, off the Department of Transport Ice Control Structure (Figure 1, Appendix A).
The application of the DDD to the water was led by Frederick Hartely Fredeen, a Canadian
entomologist who had extensive experience with pesticide application to running water (Graham,
2012). To determine the success of this abatement scheme, Fredeen (1972) used anchored nets to
collect disabled insects drifting in the currents before and after DDD application. A significant
drop in pest population was observed following each application: in 1966, Trichoptera
populations were reduced up to 98% of the pre-application populations (Fredeen, 1972).
However, Trichoptera numbers recovered more rapidly after the last two DDD treatments in
1967 than they did before the initial DDD treatments in 1966. Fredeen (1972) suggessted that
this may have been due to a large drift bringing larvae from upstream. It may also indicate a
rapidly developed tolerance to DDD that would make subsequent applications increasingly less
effective (Graham, 2012).

DDD in the Environment
Dicholorodiphenyldichloroethan (DDD) is a metabolite of
dichlorodiphenyltrichloroethane (DDT), and shares many of the same broad spectrum
insecticidal properties and characteristics of DDT. DDD is very similar in structure to DDT, the
only difference being a the number of chlorine constituents, which give it unique properties that
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made it appealing to the 1967 World Exhibition Committee (United States Environmental
Protection Agency, 2012a). Specifically, DDD is more water soluble than DDT, and so was more
appropriate for targeting larvae that inhabit aquatic sediment. The physiochemical properties of
DDD, such as relatively low solubility in water and high solubility in lipids, allow DDD and its
metabolites to be preferentially incorporated into bed sediments or aquatic organism tissue rather
than remaining in the water column (Canadian Council of Ministers of the Environment, 1999).
The Canadian Council of Ministers of the Environment (CCME) cite bed sediments as an
important route of exposure for aquatic organisms. The CCME’s DDD interim sediment quality
guideline (which describes the safe levels of a substance that will protect aquatic life from
adverse toxic effects) is 3.54 μg∙kg-1, and the CCME’s DDD probable effect level (which
describes the level, if exceeded, will likely cause severe effects on aquatic life) is 8.51 μg∙kg-1.
Graham (2012) analyzed a sediment core obtained from Lac St. Pierre, downstream of
Montreal and the site of the 1967 World Exhbition for the presence of
dichlorodiphenyltrichloroethane (DDT) and related pesticides using gas chromatophy. The
sediment core spanned approximately the past 100 years of limnological history. Results of this
analysis showed that concentrations of DDT, Dichlorodiphenyldichloroethylene (DDE), and
DDD ranged from below the level of detection in pre-industrial sediments and peaked at
concentrations of 3.3 parts per billion (ppb), 57.7 ppb, and 17.1 ppb, respectively (Graham,
2012). The highest concentrations of DDD were found to correspond to the 1967 World
Exhibition applications, and demonstrate that DDD was present in unusually high concentrations
in the St. Lawrence River in 1967. DDD concentration in the sediment of the DDD peak to range
from 29.87 μg∙kg-1 to 49.61 μg∙kg-1, before the peak DDD concentration ranged from 7.18
μg∙kg-1 to 7.41 μg∙kg-1, and after the peak DDD concentration dropped from 12.16 μg∙kg-1 to
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1.03 μg∙kg-1. It is also notweorthy that, in addition to the World Expo DDD applications,
approximately 2,700 kg of DDT was also sprayed onto Île Sainte-Hélène for elm bark beetle
between 1964 and 1967 (Fredeen, 1972; Graham, 2012).
The same sediment core analysed by Graham (2012) for DDD, was used in this study to
investigate the impact DDD may have had on aquatic insect populations. The use of the same
sediment as Graham (2012) will allow for an explicit test of how DDD concentrations impacted
chironomid abundance and species assemblages.

History of Pesticides and Pollutants in the St. Lawrence River
Lac St. Pierre’s history of industrial effluent and agricultural run off since the start of the
20th century must be considered alongside the DDD profile for the interpretation of the results,
because chironomid taxa differ in their tolerance of organic pollutants, chemical pesticides, and
other disturbances. The St. Lawrence River, especially at Lac St. Pierre, has a long history of
anthropogenic disturbance. At the time of colonial contact, Iroquoian peoples were already
settled along the St. Lawrence shores in present-day Montreal; by the 18th century, the shoreline
was transformed into the agricultural landscape of seigneuries (Environment Canada, 2013a). In
the 19th and early 20th century, industrial and urban hubs began to form along the St. Lawrence
shoreline and effluent and other industrial wastes were released into the river (Carnigan et al.
1994; Environment Canada, 2013a).
The oldest sediment analyzed in this study was dated to approximately 1920. By this
time, the water and sediment of Lac St. Pierre had already been subject to centuries of
wastewater and agricultural runoff, as well as decades of industrial effluent. Sources of pollution
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to Lac St. Pierre include the industrial hub of Sorel-Tracy, the urban hub of Montreal, and
tributary rivers of Richelieu, Yamaska, and Saint-François rivers that drain agricultural areas
(Environment Canada, 2013a). Carnigan et al. (1994) reported significant concentrations of
Hexachlorobenzene (HCB), and DDT and its derivatives present in the 1940s. It is of particular
relevance that DDT was sprayed onto Île Sainte-Hélène to control elm bark beetle between 1964
and 1967 (Graham, 2012). As well, HCB and DDT are chemical pesticides that were commonly
employed in the early 20th century agricultural practices (Carnigan et al., 1994).
Prior to World Expo DDD inputs, chironomid assemblages may have already been
diminished in overall abundance by the significant levels of previous pesticide applications.
However, the HCB and/or DDT concentrations would not have reached concentrations as high as
during the 1967 World Exhibition DDD application. HCB is a fungicide and does not target
insects specifically, although it does possess toxicological properties that could negatively
impact chironomids (United States Environmental Protection Agency, 2012b). DDT is most
commonly used to spray terrestrial landscapes rather than to treat aquatic ecosystems due to its
low solubility, and it commonly reaches aquatic systems through runoff. The HCB and DDT
would likely have depressed overall chironomid abundance due to their toxic and insecticidal
properties. However, the 1967 World Exhibition DDD treatments were directly applied to the
water and at high concentrations specifically to target aquatic larvae. Additionally, Carnigan et
al. (1994) also identified a surge in pesticide levels in sediment obtained from Lac SaintFrançoise between the 1960 to 1970—which coincides with the DDD peak and the decrease in
overall chironomid abundance.

ENSC 502

Diana M. Zeng

15

Study Rationale
Fredeen (1972) measured DDD concentration in the water following every application at
three locations downstream from the treatment site, as well as measured effects on non-target
species. However, the research for this work was not rigorous, as only one post-application
measurement yielded detectable sediment levels of DDD (Graham, 2012). Subjective
observations of fishes and birds after DDD treatments were also performed, and “indicated no
obvious effects from the larvicide treatments” (Fredeen, 1972). Fredeen (1972) also reported the
DDD residue found in fish tissue in 1967 was “approximately equal to the small amounts of
DDT plus DDE that were already present in these fishes from unknown sources, and the amounts
of all three residues combined could not be considered harmful to these fishes or people who
might use them as food”. However, neither the chemical analysis procedure nor the species of
fish used were described by Fredeen (1972). Graham (2012) found elevated DDD concentrations
in sediments that exceeded the Canadian environmental quality guidelines for protecting wildlife,
in a sediment core taken from Lac St. Pierre near Sorel, Quebec. Due to the relatively low
solubility of DDD, it is preferentially incorporated into sediment. This places benthic organisms,
such as larval chironomids, at a greater risk of exposure to DDD compared to biota living in the
water column.
Chironomid assemblages from a sediment core taken from a protected bay near Ile de
Grace (close to the area of the St. Lawrence River affected by the World Expo DDD inputs) will
be used to assess the ecological impacts of the World Expo DDD applications. This study uses
sediment from the same core as Graham (2012) who performed the DDD analysis. Additionally,
the chironomid community of the St. Lawrence has not been characterized or studied in the
existing literature. This study fuses the geochemical findings of Graham (2012) and my
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ecological findings in order to assess and characterize the chironomid assemblages of the St.
Lawrence River prior to, during, and after the 1967 World Exhibition.. These findings will be
used to assess the utility of chironomids as indicator species to pesticides in fluvial systems, as
well as provide information about chironomids in river systems, which to date have been poorlystudied.
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Methods:
Study Area
The study region is a protected bay downstream of Île de Grâce at the mouth of Lac St.
Pierre in the St. Lawrence River (UTM east 653977, UTM north 5107254) (Figure 1). Lac St.
Pierre was designated a Ramsar site in 1998 under the Convention on Wetlands of International
Importance, and was named a part of the World Network of Biosphere Reserves in 2000 by
UNESCO (Environment Canada, 2013a; UNESCO Ecological Sciences for Sustainable
Development, 2000).
The study site was selected because it is relatively protected from turbulence and other
fluvial processes, and it has never been subjected to dredging or other practices potentially
disruptive to the sediments. The sediment core should thus represent a stratigraphically intact
record of past limnological changes.
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Figure 1 Detailed map showing St. Lawrence River at Île de Grâce. The pointer indicates the
location from which the sediment core was extracted.

Sediment core recovery and core chronology
A 40.5 cm long sediment core was obtained on July 27, 2010, using a 10-cm diameter
gravity corer with an intact sediment-water interface and later sectioned into 0.5 cm intervals at
the lab in the St. Lawrence Centre in Montreal, Quebec
Core chronology was established by Graham (2012) with lead-210 (210Pb) and
corroborated with cesium-137 (137Cs) activity using gamma spectrometry (Schelske, et al. 1994).
The chronology of the core was established using a constant-rate-of-supply (CRS) model based
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on excess 210Pb activities (Appleby & Oldfield, 1978). Lead-210 is a useful radioisotope for
dating sediments back ~150 years because it has a relatively short half-life of 22.3 years. The
210

Pb dates were validated using the independent radioisotope 137Cs. The peak 137Cs activity

corresponds to the year 1963, which was the peak of above ground testing of nuclear bombs.

Chironomid Preparation and Enumeration
Preparation of the sediment for chironomid analysis followed standard protocols (Walker
2001). Briefly, approximately 1.5 to 3.5 g of dry sediment was treated with 5% Potassium
hydroxide (KOH) and heated over a hot plate at no more than 80˚C while being occasionally
stirred for 30 minutes. This step acts to deflocculate the sediments. Once cooled, the sediment
was sieved through a 100 μm mesh sieve and rinsed with distilled water until the KOH was fully
washed away. The remaining chitinous material was then washed from the sieve into a 20 mL
beaker of distilled water. The liquid of the 20 mL beaker was poured into a Bogorov tray.
Through a Leica MZ125 light microscope, individual chironomid head capsules were picked
from the Bogorov tray using fine forceps and placed onto a droplet of water on a square cover
slip, assisted with the use of a Nikon SMZ645 dissecting microscope. Four visual passes through
each Bogorov tray was made: two passes focused on the bottom water of the tray, and two passes
focused on the surface water of the tray. In order to avoid a non-random sorting bias within the
beaker and the tray, all samples were picked through entirely (Walker, 2001).
Once the water on the coverslip evaporated, the coverslips were mounted onto a
microscope slide using Entellan©, a microscope slide mounting medium. A minimum of 50
mentum equivalents (one whole head capsule, or two half head capsules) was set as a target
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minimum count (Quinlan & Smol, 2001). Samples from intervals 12.0 cm, 22.5 cm, 25.5 cm,
and 26.5 cm did not reach the target minimum count, and so should be viewed with some
caution. Midge remains were counted and identified at every interval between 24.0 cm to 27.0
cm, which frames the DDD peak identified by Graham (2012) attributable to the events of Expo
’67. Sediment intervals for chironomid analysis were also selected prior to and post DDD inputs
in order to establish a pre-disturbance assemblage and to assess how chironomid assemblages
responded following the major pesticide application. Chironomid head capsules were identified
to the lowest taxonomic level possible using Walker (2001) and Wiederholm (1983) as primary
references.
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Results and Discussion:
Radiometric Dating and DDD
The 210Pb activities measured by Graham (2012) were too low to be able to create an age
model with any high degree of confidence. However, the 137Cs peak, denoting the 1963
maximum of atmospheric fallout, was very distinct. Thus, the 137Cs peak was used to estimate
the year 1963, which is close in timing to the onset of 1966 and1967 World Expo DDD inputs.
Graham (2012) employed gas chromatography in order to analyze DDT, DDE, and DDD
within the sediments. Results from this study defined a DDD profile that was consistent with its
historical pattern of use; a large peak in DDD concentration was found between approximately
26 cm and 23.5 cm depth, which correspond to the mid-1960s. It was determined that the DDDpeak was likely a result of the intensive DDD applications from the preparations for the 1967
World Exhibition (Graham, 2012). Graham (2012) suggests that the main conclusion of Fredeen
(1972)—that there was no adverse effect to the ecosystem of the St. Lawrence—was
underestimated. DDD concentrations found during the peak were as high as 49.61 μg∙kg-1, which
is nearly 6 times above the CCME’s DDD guidelines for probable ecological effect(Canadian
Council of Ministers of the Environment, 1999). However, Graham (2012) did not assess for
biological impacts, only the sediment concentrations of DDD were measured.

Subfossil chironomid stratigraphy
The chironomid assemblages obtained from the sediment core were diverse compared to
what is typical for lake sediments, with a total of 69 different taxa identified throughout the
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sedimentary profile. The taxa were amalgamated into similar groups where possible; for
example, Chironomus includes both Chironomus plumosus and Chironomus anthracinus (see:
Table 1, Appendix B). Only the 15 most abundant groups, accounting for approximately 90% of
the total relative abundance, were included in a stratigraphy to show the nature and timing of
chironomid assemblage over the last ~100 years (Figure 2). The total number of head capsules
plotted per gram dry weight show a subtle decrease in abundance at the onset of the DDD peak,
however these low abundances are not unprecedented within the context of natural variability so
it cannot be confidently concluded that the DDD inputs significantly reduced total chironomid
numbers. The greatest abundances occurred in the most recent sediments, which may be related
to climate warming and improved water quality conditions in recent years (discussed in detail
later). Species-related shifts in relation to pre-and post-DDD inputs are discussed in detail below.

ENSC 502

Diana M. Zeng

23

ENSC 502

Diana M. Zeng

24

Pre-DDD assemblages
Assemblages pre-dating the onset of the first DDD inputs in 1966 were diverse with no
clear dominant taxa or group, with most taxa occurring at about 10% relative abundance. The
most abundant taxa in the pre-DDD assemblages are primarily generalists. Endochironomus was
one of the most common taxa in the pre-disturbance assemblage, occurring at approximately
15% relative abundance (Figure 2). Endochironomus larvae feed on algae and diatoms and are
generally associated with aquatic vegetation. They commonly live among plant residue on living
or dead plants, or bore into the soft parts of living plants, and so are associated with macrophytes
and eutrophic conditions (Berg, 1995; Brooks, Langdon, & Heiri, 2007; Dvořák, 1996). This
would be consistent with the eutrophic nature of the St. Lawrence River near Montreal during
this time. Dicrotendipes occurred at approximately 10-20% relative abundance in the predisturbance assemblages (Figure 2). Dicrotendipes larvae feed on detritus, bacteria, and algae
(Berg, 1995), and occur generally in shallow lentic environments or the quieter reaches of
flowing water, such as our study site in the bay of Lac St. Pierre (Oliver & Roussel, 1983).
Cricotopus species occurred at approximately 15% relative abundance in pre-disturbance
assemblages (Figure 2). Cricotopus larvae inhabit all types of freshwater, but are commonly
observed in flowing water (Oliver & Roussel, 1983). They are often associated with submerged
vegetation, and feed on detritus and associated protozoa (Tarkowska-Kukuryk & Mieczan, 2008;
Wiederholm, 1983).
The pre-impact assemblages, especially the presence of Endochironomus, indicate
eutrophic conditions. These results are consistent with the findings of Reavie et al. (1998) who
used diatoms in a sediment core from Lac Saint-Françoise to assess the water quality of the St.
Lawrence River and determined that eutrophication was most severe between ~1940 to ~1965.
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Disturbance Regime (1966-1967)
A subtle decrease in chironomid abundance was detected during the the DDD peak, with
abundances dropping to as low as ~11 head capsules per gram of dry sediment, from ~35 head
capsules per gram dry sediment in pre-impact sediments. The only intervals in which abundance
drops below this value are in intervals following DDD inputs, in which the target minimum
counts were not reached, at 22.5 cm and 12.0 cm depth. As well, disturbance chironomid
assemblages were generally less evenly distributed compared to pre-disturbance assemblages and
some species shifts were found to coincide with the DDD peak.
Tanypodinae grew from approximately 9% relative abundance in pre-disturbance
assemblages to approximately 20% relative abundance in disturbance assemblages (Figure 2).
Tanypodinae species are predatory, and adopt free living habitats which allow them to be
generally eurytopic (Bazzanti & Seminara, 1987). The behavioural adaption of Tanypodinae to
live independently from the sediment have allowed the taxa to be able to tolerate a wide range of
environmental conditions (Wiederholm, 1983): Tanypodinae species have been found to be able
to survive anoxic, polluted, and eutrophic conditions (Bazzanti & Seminara, 1987; Oliver &
Roussel, 1983; Walker, 2001). Bazzanti & Seminara (1987) found that Tanypodinae relative
abundance increased concomitantly with the relative decrease of most other chironomid groups,
and suggests a “clear connection between [Tanypodinae abundance] and deteriorated waters”.
The results of this study also found that Tanypodinae relative abundance increased with the
relative decrease of several other chironomid groups. As well, it was found that Tanypodinae
relative abundance increase occurred with an overall decline in chironomid abundance.
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Tanytarsus was another taxa that showed an increase during the DDD peak. It occurred at
approximately 5% in pre-disturbance assemblages, and grew to approximately 13% relative
abundance in disturbance assemblages (Figure 2). Tanytarsus species are widespread throughout
North American freshwaters, and feed predominantly on detritus and bacteria (Oliver & Roussel,
1983). Johnson, et al (1992) suggest that Tanytarsus are intolerant of metal pollution from a
study employing a metal pollutant gradient to test the sensitivities of chironomid groups. Metal
pollutants have been consistently present in the St. Lawrence, particularly the Lac St. Pierre
region, decades before the DDD inputs from the 1967 World Exhibition. Significant levels of
Aluminium, Mercury, Copper, Cadmium, and other metal pollutants have been present since the
early 20th century, coming from the industrial run off of the Sorel-Tracy industrial hub and hubs
upstream (Carnigan, et al, 1994; Environment Canada, 2013c; Yeats & Bewers, 1982).
Tanytarsus represented relatively minor constituents of pre-DDD assemblages, and are only
increase to any extent during the DDD-peak when overall chironomid abundance was relatively
low. Additionally, Tanytarsus have been found to be more tolerant to pesticides inputs relative to
other chironomid and arthropod groups, though Tanytarsus still generally decreased with
increased pesticide inputs (Hynes, 1961; Takamura & Yasuno, 1986). Relative abundance of
Tanytarsus increased during the DDD peak as the relative abundance of several other
chironomid taxa dropped significantly, perhaps because Tanytarsus is comparatively more
tolerant of pesticides than other chironomid taxa.
Several taxa decreased in relative abundance as well. Among the chironomid groups that
declined during the DDD peak was Paratanytarsus, with its occurrence decreasing from
approximately 10% relative abundance in pre-disturbance assemblages to approximately 4%
relative abundance in disturbance assemblages (Figure 2). Paratanytarsus species live in a wide
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range of freshwater environments and feed on bacteria and detritus (Oliver & Roussel, 1983;
Wiederholm, 1983). As well, Psectrocladius occurred at approximately 10% relative abundance
in pre-disturbance assemblages, and dropped to approximately 2% during the initial rise in DDD
concentration and then did not occur at all in assemblages from the DDD peak and the waning
side of the peak (Figure 2). Psectrocladius species also live in wide range of freshwater
environments, typically in still or slower moving parts of rivers, and feed on detritus (Oliver &
Roussel, 1983; Wiederholm, 1983). However, not much is known about the ecological
preference of Paratanytarsus and Psectrocladius with respect to pesticides, and so further
research would be needed to whether these taxa are particularly sensitive to insecticide exposure.
Overall chironomid abundances initially decline with the onset of the DDD peak, but then
increases to a local maximum at several points (Fig. 2). Fredeen (1972) noted that insect
populations would decrease following each application of DDD, and recover somewhat between
applications. Furthermore, it was found that insect populations recovered more rapidly (and with
a reported increase of 1000-fold after the last application) after the last two DDD applications
than the first two DDD applications (Fredeen, 1972). Figure 2 shows local maximums in overall
chironomid abundance, with the largest local maximum occuring during the decline of the DDDpeak. This last and largest local maximal peak in overall chironomid abundance may be
consistent with Fredeen (1972)’s observation that insect populations recovered more rapidly and
intensely following each subsequent application of DDD. However, Fredeen (1972) suggested
that this was due to a large drift of untreated shadfly Hydroptila larvae from upstream. Instead,
Graham (2012) suggested that these incidences of increased intensity in insect population
recovery following each consecutive DDD application may suggest a growing tolerance of DDD.
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Post DDD assemblages
Recovery of overall chironomid abundance immediately following the DDD peak was
subtle, but increased significantly in the past few decades (Figure 2). The rise in overall
chironomid abundance in modern assemblages may suggest an improvement in water quality in
the past few decades. This is consistent with some findings in the literature (see: Hudon &
Carignan, 2008; Reavie et al., 1998; Vis, Hudon, Cattaneo, & Pinel-Allou, 1998), and increased
conservation efforts in the past few decades. Environment Canada (2013) states that sediment
and water quality has been improving significantly since 1976, with over 50% decrease in
inorganic contaminant levels and over 90% decrease in organic contaminant levels.
Beginning in the 1970s, water quality regulation and legislation regarding the St.
Lawrence River began to be passed, and conservation efforts aimed at ecosystem restoration
increased. In the 1970s, the United States banned DDT and DDD out of environmental concern,
and Canada followed suit in widely phasing out DDT and DDD use by the mid-1970s and
adopting a formal ban in the 1980s (Environment Canada, 2013a; National Pesticide Information
Center, 1999). A few decades after the cessation and ban of DDT and DDD, Lac St. Pierre was
designated a Ramsar site in 1998 and a part of the UNESCO World Network of Biosphere
Reserve in 2000. These designations afford the Lac St. Pierre region additional environmental
protection as a natural heritage site, as well as increased resources for ecosystem restoration
(UNESCO Ecological Sciences for Sustainable Development, 2000). As well, in 1988 the
governments of Ontario and Quebec formed the St. Lawrence Action Plan, an intergovernmental
organization aimed at coordinating efforts to improve the ecological health St. Lawrence River
region (St. Lawrence Action Plan, 2012). With such efforts to improve and protect the ecological
health of the St. Lawrence River, water quality has been found to have increased in the past few
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decades. DDD, DDT, HCB and other chemical pesticide levels dropped significantly during this
period of increased protection of the St. Lawrence River (Carnigan et al., 1994; Environment
Canada, 2013b; Graham, 2012; Reavie et al., 1998). At about 10.0 cm depth, DDD level
decreased to below the CCME interim sediment quality guideline level simultaneously as overall
chironomid abundance increased substantially (Figure 2).
Tanypodinae, which had become relatively abundant during the DDD peak, continued to be a
major constituent of assemblages immediately following the peak in sediment intervals where
the DDD concentration was declining but still above the CCME’s interim sediment quality
guideline and probable effect level. Tanpodinae did not begin to show a relative decrease in
abundance until total chironomid abundance began to increase significantly, at about 17.0 cm
depth. As chironomid abundance increased and DDD concentration decreased towards modern
time, Tanypodinae relative abundance decreased until it was no longer present in modern
assemblages (Figure 2). With improving water quality conditions it appears likely that
Tanypodinae taxa received increased competition from other chironomid taxa.
Likewise, Tanytarsus, which had also showed a relative increase in abundance during the
DDD peak, showed a relative decrease following the DDD peak and occurred in assemblages
near the surface as a relatively minor taxa (Figure 2). Tanytarsus remained a relatively minor
constituent of modern assemblages, as it was of pre-DDD peak assemblages. Tanytarsus have
been found to be sensitive to metal pollutants (Johnson et al., 1992) and relatively more tolerant
of pesticides (Hynes, 1961; Takamura & Yasuno, 1986). Environment Canada (2013a) and
Flessas, Couillard, Pinel-Alloul, St-Cyr, & Campbel (2000) reported that metal contaminants
continue to be present in the water and sediment of the St. Lawrence River. And so, Tanytarsus
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relative abundance may have decreased as DDD levels decreased while metal contaminant levels
persisted in modern times.

Conclusions
This study was conducted to characterize the chironomid assemblage of the St. Lawrence
River at Lac St. Pierre before, during, and after the intensive DDD application from the 1967
World Exhibition. As well, it assessed the utility of chironomids as indicator species in fluvial
systems to pesticides such as DDD. The results of this study suggest that overall chironomid
abundance changed in response to DDD levels. Interpretation of these results must take into
consideration the history of pesticide use along the St. Lawrence River and at Lac St. Pierre prior
to the preparations of the 1967 World Exhibition, as overall chironomid abundance may have
already been depressed by previous pesticide use at the time DDD applications began in 1966. It
was observed that certain pollutant-tolerant chironomid taxa such as Tanypodinae increased in
relative abundance while overall chironomid abundance decreased during the DDD-peak; this
finding is consistent with the suggestion of Bazzanti & Seminara (1987) that there may be a
connection between Tanypodinae and deteriorated waters. It may also suggest that certain
chironomid taxa, such as Tanypodinae or Tanytarsus, are more tolerant of pesticides such as
DDD than others.
The findings of this study suggest that there is potential in using chironomids as an
indicator species to assess the ecological impacts of pesticides such as DDD in fluvial systems.
This study identified trends in abundance as well as identified certain taxa that may be
particularly indicative of pesticide use.
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Appendix A: Introduction

Figure 1 Map showing the 1967 World Exhibition site and the Department of Transport Ice
Control Structure (circled in red), where the DDD was applied (adapted from Fredeen, 1972)
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Appendix B: Methods

Table 1 Table shows taxa that appear on the stratigraphy in bold, and the types and species that
were grouped into the taxa underneath.
TANYPODINAE
Procladius
Tanypodinae sp.
Labrundinia
CHIRONOMUS
C. anthracinus
C. plumosus
CHIRIONOMINI
Chironomini sp.
ENDOCHIRONOMUS
E. ablipennis
E. subtendens
E. tendens
DICROTENDIPES
D. nervosus
D. notatus
POLYPEDILUM
P. nubeculosum
P. nubifer
ORTHOCLADIINAE
Orthocladiinae sp.
CORYNONEURA/THIENEMANIELLA
C. lobata
C. lacustrus
Corynoneura type A
Coryneura/Thienemaniealla type

CRICOPTERUS/ORTHOCLADIUS
Cric. Type P
Cric/Ortho. Cylindraceus
C. Bicinctus
C. intersectus
C. sylvestris
C. laricomalis type
C. tremulus type
C. trifasciatus type
O. Oliveri type
Cricopterus/Orthocladius sp.
PSECTROCLADIUS
P. sordidellus
P. calcaratus
P. calcaratus
P. calcaratus
Psectrocladius sp.
PARATANYTARSUS
P. austracia type
Paratanytarsus sp.
TANYTARSUS
T. mendax
T. lugens
T. lactescens
T. pallidcornus type
Tanytarsus sp.
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