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The Biodiversity Institute of Ontario at the Universi
of Guelph is an institute dedicateth the study of
biodiversity at multiple levels of biologic:
\'Y 4 organization, with particular emphasis placed upon t
' BI Biodiversity Institute study of biodversity at the species level. Founded

of Ontario 2007, BO is the birthplace of the field of DN
barcoding, whereby short, standamdid gene
sequences are used to accelerate species disco
and identification. There are four units wit
complementary mandates that are housed within B
and interact to further knowledge of biodiversity.

www.biodiversity.uoguelph.ca
Twitter handle @BIQOutreach

International Barcode of Life Project www.ibol.org
Canadian Centre for DNA Barcoding www.ccdb.ca
Barcode of Life Datasystems www.boldsystems.org
BIObus www.biobus.ca
Twitter handle @BIObus_Canadi
School Malaise Trap Program www.malaiseprogram.ca
DNA Barcoding blog www.dnabarcoding.blogspot.ca
International Barcode of Lif€onference 2015 www.dnabarcodes2015.org
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INTRODUCTION

The Canadian National ParK€NP) Malaise
Program,a collaboratiorbetween Parks Canada
and the Biodiversity Institute of Ontario (BIO),
represents a first step toward the acquisition of
detailed temporal and spatial information on
terrestrial arthropmd communities across
CanadaTheprogram addresses the current lack
of a systematic approacfor tracking shifts in
the species composition of terrestrial
communities in response to environmental
disturbance or globalclimate change By
contrast, water quality assessmentsare
routinely based on surveys of the species
composiion of freshwater invertebrates
Historically — assessments of terrestrial
environmentshave lackeda standard protocol

to derive a biotic index, and insteatlave
generally reliedon surveg of a few indicator
taxa (e.g. birds, vascular plantgupplemented
by qualitative habitat assessments. Thse of
indicatortaxa disregards an important reality
most species in terrestrial ecosystems are
arthropods.

Past efforts toinclude arthropods in terrestrial
assessmentdave faced two serious barriers:
ineffective  sampling due to habitat
complexities and unreliable tools for species
identification. The latter barrier hashow been
circumvented byDNA barcoding, a method that
utilizes sequence variation in a standardized
gene fragment to rapidly sorand objectively
differentiate specieqHebert et al., 2003)This
approach alsomakes it possible taarry out
largescale sampling programand provides a
time- and costefficient approach for
biodiversity assessments.The present study
represents a ot phase of dongterm program
that will involve regular assessments of
arthropod diversityat sites across Canada.

The CNP Malaise Program was initiated in 2012
with the participation of14 national parks in
Central and Western Canada. In 201&n
addiional 14 parkswere involved,from Rouge
National Urban &rk to Terra Nova National
Park(Figure 1)While only one Malaise trap was
deployed in each park in 2012, two Malaise
traps were deployed (within ten metres each
other) in 2013 to increase overall specimen
catch.

The tvo Malaise trap were deployed byBIO
staffin a representative ecosystent the parks

in the spring of 2013, and were subsequently
serviced by Parks Canada staff. The traps were
deployed in a range of habitaténcluding
coniferous forests, mixed forests, marshes, and
bogs The Malaise trapswere deployed for
roughly 20 weeks with the exception of
Torngat Mountains National Park whiamnly
collected for 3 weeks due to a short field season
for Park Staff. Wekly sampleswere preserved

in 95% ethanohand then heldat -20°C All trap
sampleswere then assembled foisubsequent
processing aBIQ

The trap amples were accessionedpecimens
were identified to order, arrayed, labeled,
databased, and tissusampled for genetic
analysis (Figure 2) All arthropods were
barcoded, with the exception o few very
common speciege.g., honeybeeyvhere only a
limited number ofindividuals from each trap
sample were analyzed. Standard barcoding
protocols http://ccdb.ca/resources.php were
followed to recoverthe barcode region othe
cytochromec oxidase | (COIl) gen&he barcode
sequences, specimen images and collateral data
are stored in the Barcode of Life Data Systems
(BOLD; www.boldsystems.org). The project is
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Barcoded specimens were assigned &m
existing or new Barcode Index Number (BIN), a
proxy for a formal Linnean species name, as
outlined by Rathasingham & Hebert (2013).
Identifications were assigned by the BQAILD
Engine where possible, allowing preliminary
species inventories to be congbeéd for each
park and facilitating comparisons among them.
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A key questiorconcerningthis program relates
to whether Malaise traps are the most effective
method of capturing local arthropodsBIO is
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the selected parkshree siteswere choserand
five standard collecting techniques were
employed at each locality: Malaise, pan, pitfall,
Berleseand flightintercept traps, as well as
sweepnetting. Each park was sampled by the
BIObus staff for a oneveek interval before the
team proceeded to the next park with this
weekly rotation continuing throughout the
summer. All specimens collected with the
different sampling methods were barded to
permit a comparison among methods.

Figure 1Sampling locations at the 14 Canadian National Parks surveyed in 2013.
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Figure 2 Schematic diagram showing the specimen workflow. Front end processing begins with field collecting (F1) and proceeds #mchiging of specime
Laboratory analysis begins with tissue lysis (L1) through to sequence analysis (L12). Theigsfaronkfiow includes both manual (14) and auto sequence ass:

finishes with BIN assignments and subsequent imaging of each BIN (C9).
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2012-2013: RESULTS FOR 28 NATIONAL PARKS

The barcode analysis afl Malaisetrap samples Malaise program has collected over 430K
from 2013 wascompleted by fall 204. In total, specimens to date. The average sequence
227 weekly samples and nearB80K specimens success rate was 90% which led to 371,387
were analyzed. A total of 240,373specimens recordswith sequences long enough farBIN
generated barcode sequences that were long assignment. A total of 26,989 BINs were
enough to allow a BIN assignmentheir revealed while the Chao 1 (Magurran, 2003)
analysis revealed a total df7,427 BINsfrom species estirate for the total number of BINs
the 2013 collection. that would be encountered withcomplete
samplingusing this method would be39,457

In combination with the2012 samplesthe CNP (Figure 3)

Figure 3BIN accumulation
curve for the 414 Malaise
trap samples collected in 28
Canadian National Parks
during 20122013.
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pattern was observed, with10,245 species (Preston, 1962)uggests that nearly twice as
represented by just a single individual many BINs exist in tlse 28 National Parks
(singletong (Figure 4) By comparison, ju$i23 (47,303 BINs) as were collected Despite the
BINs were represented by 100 or more discrepancy between the two methods of
individuals. The most commonly encountered estimating species richness (Chao and Preston),
species wasEntomobrya nivalis; a common both results suggeghat a considerabldraction

Wit Sy RS NJ ¢awnithNASIA individdal of the speciesstill awaits collection
sequencedSpecies richness extrapolation using



Figure 4 Lognormal
species abundance
curve, showing the total
BINswithin eachlog,
abundance frequency
interval (Preston, 1962

Among the 2013parks 16 32 64

seasonsthe number of
individuals collected

Fundy National Park(13,111 barcode records

varied from a low of;L5,280.specimens f_rom 21 from 15,435specimens)versus 9% for Prince
samples at Cape Breton Highlands National Park  gqward IslandNational Park(Figure 5) The

to a high 0f30,188 specimens from 21 samples  nymper of BINsletected ranged from a low of

at Forillon National ParkSequencing success 1592 at Fundy National Park &ohigh of 4017 at
alsovariedamongparks, from a low 0f84.9% at Forillon National Park (Figurg. 5

M Sequences
M BINs

Figure 5Total sequences and number of BINs generated from each of the 28 parks; grey text
indicates 2012 sampling (*only 3 sampling weeks).




These results are comparabl to the BIN diverse global sitege.g. ArgentinaCosta Rica

accumulation curves observed at Malaise However, the slopgof the accumulation curves
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Malai® Program (Figure 6).h& total BIN biodiversity at comparable rates across a range
richness in each National Park (mean 8&0 of biomes.

BINs) is generally less than those of highly
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Figure 6 Comparison of BIN accudation curves for 125 Malaise samples collected fron
different sampling sites.
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When analyzingboth CNP Malaise Programs
from 2012 and 2013the number of BINs
detected in each park was strongly influenced
by samplesize (Figure7, R = 082, p>0.000).
With over 30K specimens analyzed, Forillon
National Park displayed the highest BIN count,
while Pacific Rim National Park captured less
than 400 BINs from 3010 specimens

Of the 27K BINs captured, more thhalf were
unique to a single collection siteei 16,094
BINs occurred in only one of the 28 parkse
number of BINs unique teach park varied
(Figure8). Point PeleeNational Park exhibed
the highestcount of uniqgue BINssnearly half
of its BINswere unique(1207BINsof 2270)

Pacific Rim National Park had the fewest unique
BINs (N = 208), but the highest ratio of unique
BINs to BINs captured (60%).contrast, Fundy
National Park, with 227 unique BINsad the
lowed ratio of unique BINdo BINs captured
This indicates considerably high diversity at
Pacific Rim National Ba(and others) despite
the perception of low diversity given current
sampling efforts(ie. Gulf Islands, Grasslands,
Torngat Mountains).It is evident that the
Malaise trapping method is less effectivden
sampling in dense rain foressuch asPacific
Rm, despite being deployed for the full 20
week collection periodSince flight paths are
reduced,fewer specimens are capturedbut the
specimens that are collected are extremely
diverse



Figure 8.Total number of BINs unique to each park (barg) the percentage of unique BINs collecter
in each park (Unique BINs/Total BINS); grey text indicates 2012 sampling (*only 3 sampling week

The similarity in species composition between parks
showed marked variation (Figure9). For example,
Kouchibougacand La MauricieNational Park ¢
607km apart; shared the highest proportion of BINs
(1093BINg gAGK | /[ KI2Q&
(Chao et al., 2005)f 0.7. By contrast, Grasslands
and Pacific Rim National Parksl31&m apart(
shared only one BIN a species Pbfly Helinasp. )
from the Muscidae family /(K I 2 €énson {
Similarity index = 0.0Q1Parks in two of the east
coast provinceshared relatively higher proportions
2F¥ . Lba o/ KIF2Qa
0.66); specifically Fundy and Kouchibouguac in New
Brunswick and Terra Nova and Gros Morne in
Newfoundland. Surprisingly, Torngat Mountains
shared the highest proportion of BINs with Jasper
National Parkdespite being over 3000km apart. This
likely reflects the similar habitats and elevations
between the two locations In addition, an
interesting although not uexpected patternwas
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apparent ¢ the Rocky Mountaim act as a major
barrier to species as evidertteby the low
connectivity between site on opposite sides of the
range (See 2 Gulf Islands and 7 Elk Island in Figure
AYRSE

Within Point Pelee National Park (Figurka)lthe
number of shared BINbetween weekly samples
ranged from 56 (between weeks 1 and 7) to 266
(between weeks 4 and 5). Sianlfy at Rouge
National Park (Figurelth), the number of shared

foebny & 2 YBINANGER fiom 9yt 185 BING fpetyeen weekly

samples. Species overlap trends (Figujesliggest
that BINs tend to become more common later in the
season (increased likelihood of being detecia
more than one sample). Despite thierd, most
BINs were only detected in a single sample,
suggesting substantial species turnover across
seasons




