The Fall 2014 School Malaise Trap Program was a huge success and your participation made it happen.
This short report summarizes the program — its procedures and results — and all of the interesting
discoveries from your work. Before we get to the results, let’s review what the School Malaise Trap
Program was all about and how we worked together to complete it.
The Biodiversity Institute of Ontario (BIO), at the University of Guelph, is a research institute dedicated
to rapidly identifying and documenting life in Canada and in the world. This is no easy job since there are
millions of different species of animals and plants across the globe, and about 100,000 of them occur in
Canada. In addition, it’s often difficult to separate closely related species by their appearance, even for
experts. Fortunately, BIO has developed a new tool that makes identifying species quick and easy — it’s
called DNA barcoding. Just like a can of beans in a grocery store, where the barcode lets the cashier
quickly know it is different from a can of peas, each species has a small piece of DNA that can be used to
distinguish it from other species. BIO is assembling a DNA barcode reference library for all of the world’s
species, called Barcode of Life Data Systems, and we’re doing it through a huge research project called
the International Barcode of Life project. We need help to complete it, and that’s where your class and
the School Malaise Trap Program fit in.
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In September 2014, we sent out Malaise trap kits to 59 schools across Canada. Each kit included a
Malaise trap and an instructional video that gave each class a lesson on biodiversity, DNA barcoding, and
the star of our program — the Malaise trap. Because this tent-like apparatus is so effective at collecting
insects we asked each school to set up its Malaise trap and collect insects during the same two weeks
(September 22 — October 3). At the end of the two weeks, all traps and collection bottles were
returned to BIO to allow analysis to begin.

Once the collection bottles arrived, BIO staff recorded details on the collection locality from each bottle
and compiled the weather data recorded by the students in each class. Next, the contents of each bottle
were poured into a sorting dish, and, using a microscope, every specimen was counted in each trap. Our
staff then attempted to pick as many different species as possible, selecting up to 285 animals to DNA
barcode from each trap. Each selected specimen was then placed in an individual well of a DNA tissue
plate. If a specimen was too large to fit in a well, one leg was removed and placed in the well. This
process led to the assembly of 169 plates, with each full plate containing tissue from 95 specimens for a
total sample size of 16,055 individuals! Once these plates were ready, they were transferred to the
molecular laboratory for the next phase of barcode analysis.

The first step in the laboratory was DNA extraction. All of the plates, each containing 95 specimens or
legs, were incubated overnight in a special solution that extracts DNA out of the cells. The next day, the
DNA was separated from other cell materials using one of our robots, lovingly called Franklin (after
Rosalind Franklin, who helped to discover the structure of DNA in the 1950s). The second step in our
analysis employed a clever technique called the polymerase chain reaction or PCR. By adding a cocktail
of reagents to the DNA, then rapidly heating and cooling it several times, we created millions of copies
of the DNA barcode region for the sample of DNA in each well. All these copies are necessary for the
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final laboratory step — DNA sequencing where each well was analyzed on one of our DNA sequencers
that use a laser to read the letters (A, C, G, and T) of each DNA barcode. And there you have it, that’s
how we determined the DNA barcode for each insect (or other invertebrate) caught in your trap!

Although the molecular work was complete, there was one more critical step –
the analysis of your sequence results. Your DNA barcodes needed to be
compared with the records in BOLD, the Barcode of Life Data Systems to obtain
identifications. When one of your DNA barcodes matched a record in BOLD, we
could confidently assign its source specimen to that species, for example, to the
European garden spider (Araneus diadematus) or to the Eastern ash bark beetle
(Hylesinus aculeatus). In other cases, BOLD indicated that your record derived
from a distinct species, but it could only assign it to a group such as the
ichneumon wasps (Ichneumonidae) or one genus of tortricid moths (Acleris). In some cases, your
barcodes did not find a match; they were brand new DNA barcodes for BOLD! We will discuss these
exciting discoveries later in this report. All of the identifications were then compiled for each trap to
create the report that you are now reading. We’re very excited to share the news, so let’s get to the
results.
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Drumroll please! It’s time to share results for the Fall 2014 School
Malaise Trap Program. Let’s begin with a general summary. The fall
program involved 59 schools in 46 cities, 92 classrooms, and 2,479
amazing students. Your classroom’s trap was one of 59 traps deployed
from September 22 to October 3, 2014. Overall, we had relatively warm
fall temperatures during the trap deployment period. Average daytime
temperatures were 19.5°C for Week 1 and 17.1°C for Week 2.
The 59 traps collected an average of 518 specimens in Week 1 and 516
specimens in Week 2, for an average total of 1034 specimens for the collecting period. The total number
of specimens showed some variation among traps, from a low of 110 to a high of 9,475 specimens. It
might surprise you that so many insects were collected in your schoolyard. If so, remember that you
only collected for two weeks while insects fly in many regions of Canada for eight months of the year!
The staff at BIO sorted the 61,052 specimens present in your 59 traps and selected 16,055 specimens for
barcode analysis. When the molecular work was complete, 14,486 (90%) of the specimens delivered a
DNA barcode. Because we excluded a few short barcodes, the final dataset included 13,846 barcodes.
The analysis of these barcodes revealed that you collected 3,402 species in just two weeks of sampling.
That’s very impressive because there are only 70,000 species known from all of Canada so you collected
4.86% of them. Some of these species were uncommon, with 2,084 species only being collected in a
single trap. More excitingly, your collecting efforts provided the very first records for 324 species. You
should feel proud that you have made such an important contribution to the International Barcode of
Life project!
Last fall, a group of 18 schools participated in the School Malaise Trap
Program and collectively they were able to collect almost 1,500 species
and about 28,000 individual insects. The large difference in numbers
between the two years can be explained by the fact that more schools
participated this time and that it was the first time we offered our
program in all of Canada. Nevertheless, 931 species were shared between
both fall runs which were largely contributed by our participants from
Ontario.
We also did a School Malaise Trap project this past spring and when
comparing both datasets of this year we found that just 289 species were
shared between the fall and the spring projects. Quite a few species seem
to be around for just a part of the year. This is not surprising as the life
span of many insect species is rather short (sometimes only a few days or
weeks).
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Most of the 3,402 species that you collected were arthropods — invertebrates with a hard external
skeleton. If you look at the pie chart below, you’ll notice that many (36%) of the species were flies
(scientific name: Diptera). Some groups of flies were particularly diverse; there
were 285 species of midges (Chironomidae), 116 species of fungus gnats
(Sciaridae), and 95 species of scuttle flies (Phoridae). In addition, just like Fall
2013 and Spring 2014 programs, the most abundant species was a midge.
After flies, the next most species diverse group was bees, wasps, and ants
(Hymenoptera), followed by the true bugs (Hemiptera). Most of the species in
these groups have wings, so it’s not surprising that they were collected in your
Malaise traps. However, you also collected some groups that don’t fly such as
springtails (Collembola), spiders (Araneae), and snails (Stylommatophora).

And now the section of the report that many of you have been waiting for — to see how your
schoolyard compared with the other schools across Canada. There are many ways to
measure biodiversity, but we have adopted four metrics for comparisons among the
sites:
The simplest metric compares the number of specimens collected by each trap. The
great advantage of this method is that anyone can do it — so long as you can count! In
practice, it’s not a very informative measure of biodiversity, since it can be affected by
one or a few very common species. However, there was variation in the total number
of specimens caught, ranging from a low of 110 individuals, to the winner for this
category — Forest Avenue Public School in Mississauga, Ontario, which had a catch of
9,475 specimens -- congratulations!
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School/Comparison Site

Province/Territory

Trap #

Total Specimens

Forest Avenue Public School

Ontario

EQP-CLL-496

9475

St. Paul Elementary School

Ontario

EQP-CLL-582

9364

Camp Heidelberg Nature Centre

Ontario

EQP-CLL-600

2792

The second way to compare biodiversity, and certainly one of the best ways, is to
count the total number of species in a sample. By using DNA barcoding, we were
able to quickly determine the number of species at each site, even if some could
not be assigned to a particular species. The total species count varied among sites.
The winner for the most species collected, with an extraordinary 198, was Sacred
Heart High School in Walkerton, Ontario.

School/Comparison Site

Province/Territory

Trap #

Species Count

Sacred Heart High School

Ontario

EQP-CLL-517

198

Carleton North High School

New Brunswick

EQP-CLL-553

183

Oilfields High School

Alberta

EQP-CLL-633

180

A third way to compare biodiversity is to consider the rarity of the species that were collected. The
Barcode of Life Data Systems (BOLD) has over 3 million DNA barcodes, including records for over 58,000
Canadian species, so it is not very often that one is able to add coverage for a new species. As a result,
we were amazed that 324 new species were detected in your collections. When we compared the
number of new species detected at each site, the numbers were close — congratulations to our winner
Brentwood College in Mill Bay, British Columbia for collecting 23 species new to BOLD.

School/Comparison Site

Province/Territory

Trap #

Species New for BOLD

Brentwood College

British Columbia

EQP-CLL-596

23

W.O. Mitchell

Ontario

EQP-CLL-546

19

Oak and Orca Bioregional School

British Columbia

EQP-CLL-595

18

Finally, biodiversity between sites can be compared by examining the overlap in species among sites.
With 59 traps deployed for the same period, any species that was only collected in a single trap is
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certainly a ‘rare’ species. In total, there were 2,084 rare species. Brentwood College in Mill Bay, British
Columbia had the lead in collecting rare species with 82. Let’s give them a big round of applause!

School/Comparison Site

Province/Territory

Trap #

Species Unique to Trap

Brentwood College

British Columbia

EQP-CLL-596

82

Carleton North High School

New Brunswick

EQP-CLL-553

80

Oilfields High School

Alberta

EQP-CLL-633

77
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We would like to conclude by thanking all of the participants in the Fall 2014 School Malaise Trap
Program. This project would not have succeeded without the enthusiasm, curiosity, and dedication of
every student, teacher, and colleague. Please check our website periodically for updates, and we’ll be in
touch when we roll out the Spring 2015 program!
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The Hymenoptera are one of the largest orders of insects, comprising the sawflies, wasps, bees and
ants. Over 150,000 species are recognized, with many more remaining to be described. The name refers
to the wings of the insects, and is derived from the Ancient Greek ὑμήν (hymen): membrane and πτερόν
(pteron): wing. During the Fall 2014 School Malaise Trap Program you collected 1058 species of
Hymenoptera across all participating schools. We have highlighted some of your interesting finds below.
Fairyflies, despite their name, are actually very tiny wasps,
and can be found in temperate and tropical regions
throughout the world. They average only 0.5 to 1.0 mm
long and they include the world's smallest known insect,
the Alaptus fairyfly, with a body length of only 0.139 mm,
and the smallest known flying insect, at only 0.15 mm
long.
While many insects form complicated social groups - think
of ants and bees, for example - the fairyfly is just the
opposite. Although they get together for mating, there's
no courtship and no family groups among fairyflies. This
makes them relatively hard to study, which is why much of
their behavior is still a mystery to scientists.

Fairyflies are some of the most common chalcid wasps, but are rarely noticed by humans because of
their extremely small sizes. This apparent invisibility, their delicate bodies, and their hair-fringed wings
have earned them their common name. Their adult lifespans are very short, usually lasting for only a few
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days. All known fairyflies are parasitoids of the eggs of other
insects, and several species have been successfully used
as biological pest control agents.
Fairyflies were abundantly caught during the Fall 2014 School
Malaise Trap program, with specimens being collected at 49 of
the 59 participating schools!

Bees, like ants, are actually a specialized form of wasp. They play an important role in pollinating
flowering plants. In July 2013 the world’s 20,000th bee species was officially described by a researcher
from York University in Toronto. Your Malaise traps collected 6 species of bees and among those were
the red-belted bumble bee (Bombus rufocinctus) and the honey bee (Apis mellifera).
The common eastern bumblebee (Bombus
impatiens) is the most often encountered
bumblebee across much of eastern North
America. Unlike honey bees, bumble bees in the
genus Bombus form colonies which last only one
season. During the winter, mated female bumble
bees hide in sheltered places and emerge in the
spring to start new colonies in cozy places such
as old mouse nests. Once her new home is tidy
and her eggs are laid, the queen covers them
with wax sheets for protection and incubates the
eggs by lying over them for a period of time.
Currently Bombus impatiens is being reared and transported to some areas as a commercial
replacement for honey bee pollination. Although introducing this species may be very helpful for the
agriculture industry, there are some trade-offs as well. “Managed” pollination programs have
introduced this eastern species to western North America, and in some places, such as California and
Mexico, Bombus impatiens is now displacing native bee species.
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The other big group of social Hymenoptera is the ants. Ants form colonies that can range in size from a
few dozen individuals living in small natural cavities to highly organized colonies that may occupy large
territories and consist of millions of individuals. Ant societies are often very sophisticated. They have
division of labour, communication between individuals, and an ability to solve complex problems.
Overall you collected 55 species of ants in your Malaise traps.
Among those, five schools were able to collect a species of
Dracula ant (Amblyopone pallipes). As you can imagine, this
species has a particular habit which makes them standout
from other ant species - they literally suck blood.
Most ants cannot digest solid food, and many scurry around
all day looking for flower seeds, scraps and other insects, but
they do not eat what they find. Instead, they give their solid
food to their larvae. The larvae digest the food and
regurgitate it as 'honeydew.' This liquid is what the adults
eat.
The larvae of the Dracula ants do not create honeydew for
their relatives to eat; instead, the older ants bite their backsides and - literally - drink their blood. Other
species of ants will eat their children when they are hungry enough, but this eating kills the larva, and no
species of ant relies on cannibalism to survive. Among the Dracula ants, however, all of the adults take
blood from the offspring, and all of the larvae are scarred.

The genus Amblyopone is found in tropical and temperate
regions of the world and members of this genus can typically
be found in the soil and leaf-litter present on the forest floor.
The colony may contain as many as 10,000 workers, winged
males and several wingless queens (the majority of ant
species feature winged queens). The workers use venom to
stun their prey which is then brought back to the colony for
the larvae to feed upon.
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Beetles are the largest group in the animal kingdom. 25% of all known animal species are beetles.
400,000 species have been described so far and many scientists believe that there are as many as 1
million beetle species on Earth. Beetles have inhabited our planet for more than 300 million years which
means they were around even before the dinosaurs.
Among the 211 beetle species caught in the Fall 2014 School Malaise Trap Program were quite a few
pest beetle species, especially those of the leaf beetle family (Chrysomelidae), such as the strawberry
rootworm (Paria fragariae). Beetles from this family are known to feed on particular fruits and
vegetables as you can easily tell from their common name.
It is not uncommon for larvae in several subfamilies of
Chrysomelidae to use their own excrement to form protective
shields or coverings, but the warty leaf beetle’s larvae in the
subfamily Cryptocephalinae take this habit to the extreme. The
warty leaf beetle’s eggs hatch underneath a fecal blanket which
their mother has provided for them and then the larvae proceed
to use their own waste to further develop a case which they
continue to add to as they grow. You may think that this practice
is unpleasant; however, this casing serves a very important
function. Warty leaf beetles are able to avoid observation and
detection from predators due to the fact that their specialized
casing resembles caterpillar frass (caterpillar poop).
Warty leaf beetle species are typically very host plant-specific and most species primarily use only a
single host plant genus or even a single species to feed and live on. Congratulations to Camp Heidelberg
for collecting the only species (Exema canadensis) of warty leaf beetle ever obtained during the School
Malaise Trap Program.

True bugs are an insect order scientifically known as Hemiptera with about 80,000 species. You might
know representatives such as cicadas, aphids, planthoppers, leafhoppers, and, most prominently, stink
bugs and bed bugs. In the Fall 2014 School Malaise Trap Program, the leafhoppers (family Cicadellidae)
were the most diverse group, with 158 species collected. Aphids (family Aphididae) were in second place
with 119 species, which included a number of interesting species.
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Aphids are small, soft-bodied insects with sucking mouthparts
called stylets that allow them to pierce plant tissue and suck out
the sap. Depending on the plant species and extent of the attack,
aphid feeding can lead to yellowing, curled leaves, stunted growth,
and even death. The soybean aphid (Aphis glycines) was one of the
most widely collected species of aphid, being found in traps at 21
different schools, primarily in Ontario. The soybean aphid is native
to Asia but it has become a serious pest of soybean in North
America since 2000. Interestingly, the Halloween lady beetle
(Harmonia axyridis), which can help to control the soybean aphid
and is also an introduced species, was collected at 18 schools in
this Fall program.
With little natural protection from predators, aphids employ various mechanisms to avoid predation.
Species collected in the Fall program exhibit a few of these mechanisms, including two Tetraneura
species that can cause plants to form galls, abnormal swellings of plant tissue, wherein the aphids can
survive. Multiple species of woolly aphid (subfamily Eriosomatinae), which excrete a waxy, woollylooking covering that provides protection from predators, were also collected.
Aphids are not only pests of agricultural crops, they can
also damage trees. Collected in the Fall program, the
Poplar leaf aphid (Chaitophorus populicola) feeds on
poplars and cottonwood while the Norway maple
aphid (Periphyllus lyropictus), as the name suggests,
feeds on Norway maples. Another interesting find were
three species of giant conifer aphids (Cinara spp.),
some of which are known to attack Christmas trees
and, because they can survive freezing temperatures,
they can remain on the trees on route to consumers,
becoming a nuisance during the holidays.

Another huge group of insects with perhaps 200,000
species worldwide are the moths and butterflies
(together called Lepidoptera). Malaise traps are not the
best traps to catch Lepidoptera, but a few always find
their way into our traps. This time we could identify 143
different species in all traps. The most common species
was the diamondback moth, sometimes called
the cabbage moth (Plutella xylostella), that occurred in ten different traps. This moth belongs to the
family Plutellidae which contains approximately 200 species.
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Did you know that butterflies can’t fly if they are
cold? Butterflies need an ideal body temperature
of about 29 degrees Celsius in order to fly. Since
they are cold-blooded animals, they can’t regulate
their own body temperature. The surrounding air
temperature has a big impact on their ability to
function. If the air temperature falls below 12
degrees Celsius, butterflies are rendered
immobile, unable to flee from predators or to
feed. As such, the yearly occurrence of butterflies
can be very temperature dependant, normally
ranging from emergence in May until die-off in
September. These facts help to explain why only
one species of butterfly (Pieris rapae) was caught
during our Fall 2014 School Malaise Trap Program.

Chironomidae, commonly known as nonbiting midges, are a
family of flies which can be found all over the world. A genus
from this family, Limnophyes, was the most common insect
during the Fall 2014 School Malaise Trap Program with
1,623 specimens being found in all 59 traps! These midges
come from a very large family of insects; experts estimate
that there are well over 10,000 different species of
Chironomidae world-wide! Many of these species
superficially resemble mosquitoes, but they lack the wing
scales and elongated mouthparts which a mosquito uses to
feed on blood. The larvae and pupae of nonbiting midges
are important food items for fish and other aquatic organisms. Furthermore, chironomids are important
indicator organisms, meaning their presence or absence in a body of water can indicate whether
pollutants are present or if environmental changes have taken place. This sensitivity to environmental
changes also makes chironomids a potential source of information when reconstructing past climate.
Lake sediments dating as far back as 10,000 years contain the head capsules shed by chironomid larvae
during development. These head capsules allow for species identification and, because chironomid
species differ in their tolerances to various environmental factors such as temperature and drought, the
identity and abundance of chironomid species present in the sediment indicate the climate at that point
in time.
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Robber flies, also called assassin flies, belong to the
family Asilidae. They are powerfully built and have
notoriously aggressive predatory habits. They feed
mainly or exclusively on other insects and as a rule they
wait in ambush and catch their prey in flight.
These predators can be recognized by their usually
bearded face and a concave top of the head between the
eyes. Robber flies range in length from 1-5 cm, with the
females being larger than males.
The fly attacks its prey by stabbing it with its short,
strong proboscis (straw-like mouth part) injecting the
victim with saliva containing toxic enzymes which rapidly
paralyze it and soon digest the insides; the robber fly then sucks the liquefied material through the
proboscis.
You might hear this species before you see it, as it departs its perch with a loud, buzzing flight, quickly
landing again nearby, usually on a vertical branch or twig.
Only one species of robber fly was collected during the program at St. Augustine Catholic Elementary
School. Congratulations on this interesting find!

While Malaise traps are most useful for capturing flying species, 69 species collected in the Fall School
Malaise Trap Program were spiders which certainly don’t fly! These 69 spider species belonged to 57
different genera of 21 families - a very diverse group! Westside Secondary School in Orangeville, Ontario
collected the greatest number of spider species with 14.
One very interesting find of the Fall program was the spider
species Pholcus manueli which was collected at Glendale
Secondary School in Hamilton, Ontario and represents the
first record of this species from Canada! Pholcus manueli is
a cellar spider, belonging to the family Pholcidae. Cellar
spiders are often confused with harvestmen (order
Opiliones) and share the common name of daddy longlegs.
Cellar spiders and harvestmen are rumoured to be some of
the most venomous animals in the world but they are, in
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fact, harmless to humans. Cellar spiders typically live indoors where they build webs and hang upside
down, waiting for their insect prey.
In previous years, occurrences of Pholcus manueli were restricted to Asia and to the southern regions of
the United States. However, within the past five years, the range of this species has expanded to the
midwestern United States, particularly Ohio, where it has taken the place of another invasive species,
Pholcus phalangioides, and become very abundant in barns, sheds, and basements. The collection of this
species in Hamilton with the School Malaise Trap Program suggests that it is continuing to spread
northward, potentially due to climate change. The quick spread of Pholcus manueli may seem surprising
particularly when you consider that this species is not known to disperse through ballooning, where a
spider produces a ‘parachute’ out of silk threads that can carry it in the wind for long distances.
However, this species may be able to disperse long distances through phoresy, where one animal
attaches to another, perhaps a mammal or bird, for transport. Can you think of other ways that this
spider species could have arrived in Canada?

Pseudoscorpions are a type of arachnid, meaning that
they are not insects, but are closely related to spiders.
They are named “Pseudo” scorpions because they have
pincers that resemble scorpions, but do not have a tail
and stinger. They can be found anywhere from a tree
canopy, to somewhere in your home where they feed
on the larvae of some household pests. They can also be
found in leaf litter, where they feed on other tiny
arthropods. Males use chemicals known as pheromones,
and a fancy dancing behaviour, to attract females to
mate. These arachnids construct a silken cocoon which
they use to protect themselves during the winter.
Pseudoscorpions occur all over the planet, but are rarely collected in Malaise traps. In total, only one
specimen was collected during the Fall 2014 School Malaise Trap Program, by Chesley District
Community School. For an interesting video of a pseudoscorpion hunting, click here.
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The Plecoptera are an order of insects, commonly known as stoneflies.
There are approximately 3,500 species found worldwide, except in
Antarctica. Almost all species of stoneflies develop as nymphs in clean,
moving water and are intolerant of water pollution. Their presence in a
stream or still water is therefore a good indicator of excellent water
quality. Once hatched from the eggs, stonefly nymphs usually complete
their development within a year, but many take longer. Some larger
species may spend two to three years as nymphs before crawling out of
the water as adults.

Once they emerge from the water, adult stoneflies will usually spend
their lives within close proximity to the water’s edge. Unlike the
outstretched wings of dragonflies and damselflies, stoneflies fold
their wings neatly against their backs when at rest and are generally
not strong fliers. The name “Plecoptera” literally means “braidedwings”, from the Ancient Greek plekein ("to braid") and pteryx
("wing"). This refers to their complex pleated, or fanlike broad hind
wings.
Congratulations to Carleton North High School for collecting the only
species of stonefly found during the Fall 2014 School Malaise Trap
Program!
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