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INTRODUCTION 

The Canadian National Parks (CNP) Malaise 

Program, a collaboration between Parks Canada 

and the Biodiversity Institute of Ontario (BIO), 

represents a first step toward the acquisition of 

detailed temporal and spatial information on 

terrestrial arthropod communities across 

Canada. The program addresses the current lack 

of a systematic approach for tracking shifts in 

the species composition of terrestrial 

communities in response to environmental 

disturbance or global climate change. By 

contrast, water quality assessments are 

routinely based on surveys of the species 

composition of freshwater invertebrates. 

Historically, assessments of terrestrial 

environments have lacked a standard protocol 

to derive a biotic index, and instead have 

generally relied on surveys of a few indicator 

taxa (e.g., birds, vascular plants) supplemented 

by qualitative habitat assessments. The use of 

indicator taxa disregards an important reality – 

most species in terrestrial ecosystems are 

arthropods.  

Past efforts to include arthropods in terrestrial 

assessments have faced two serious barriers: 

ineffective sampling due to habitat 

complexities, and unreliable tools for species 

identification.  The latter barrier has now been 

circumvented by DNA barcoding, a method that 

utilizes sequence variation in a standardized 

gene fragment to rapidly sort and objectively 

differentiate species (Hebert et al., 2003). This 

approach also makes it possible to carry out 

large-scale sampling programs and provides a 

time- and cost-efficient approach for 

biodiversity assessments. The present study 

represents a pilot phase of a long term program 

that will involve regular assessments of 

arthropod diversity at sites across Canada. To 

date, the CNP Malaise Program has sampled in 

all 43 accessible Canadian National Parks 

(Figure 1). The program was initiated in 2012 

with the participation of 14 national parks in 

Central and Western Canada. In 2013, an 

additional 14 parks in Central and Eastern 

Canada were involved. Having collected from 

Western, Central, and Eastern Canadian 

National Parks, the program targeted Northern 

and remote National Parks in its third year 

(Figure 2). While only one Malaise trap was 

deployed in each park in 2012, two Malaise 

traps were deployed in 2013 and 2014 to 

increase overall specimen catch.   

Due to the isolation and inaccessibility of some 

regions, Parks Canada staff and researcher 

volunteers facilitated the program by deploying 

and servicing the traps during their short field 

seasons. In addition, BIO conducted the CNP 

Malaise Program for some Southern Parks that 

were not previously sampled and also revisited 

several Parks to augment past collections. 

Weekly samples were preserved in 95% ethanol 

and then held at -20°C. At the end of the 

season, samples were shipped to BIO for 

analysis.   

The trap samples were accessioned, specimens 

were identified to order, arrayed, labeled, 

databased, and tissue-sampled for genetic 

analysis (Figure 3).  All arthropods were 

barcoded, with the exception of a few very 

common species (e.g., honeybee) where only a 

limited number of individuals from each trap 

sample were analyzed. Standard barcoding 

protocols (http://ccdb.ca/resources.php) were 

followed to recover the barcode region of the 

cytochrome c oxidase I (COI) gene. The barcode 

sequences, specimen images and collateral data 

http://ccdb.ca/resources.php
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Figure 7. Total sequences and number of BINs generated from each of the 43 parks; grey text indicates 2012/2013 sampling (*repeated parks).  
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When analyzing all CNP Malaise Programs from 
2012-2014, the number of BINs detected in 
each park was strongly influenced by sample 
size (Figure 8, R2 = 0.6873, p<0.05). With 29K 
specimens analyzed, Thousand Islands National 
Park displayed the highest BIN count (N = 3795), 
while Auyuittuq National Park captured less 
than 100 BINs from 727 specimens. 

Of the 36K BINs captured, more than half were 
unique to a single collection site; i.e. 21,072 
BINs occurred in only one of the 43 parks. The 
number of BINs unique to each park varied 
(Figure 9). Thousand Islands National Park 
exhibited the highest count of unique BINs with 
35% of its BINs being unique to the site (1851 
BINs of 5244). Despite having lower BIN counts, 
northern parks exhibited fairly average ratios of 
unique BINs to BINs captured (for example, 

Auyuittuq 23%, Sirmilik 23%, Kluane 27%, and 
Nahanni 28%). Grasslands had the highest 
proportion of unique BINs with 51% of its BINs 
being unique. In contrast, Fundy National Park, 
with 203 unique BINs, had the lowest ratio of 
unique BINs to BINs captured, only 13%. Insular 
parks, such as Sable Island and Gwaii Haanas, 
also displayed high percentages of unique BINs. 
This indicates considerably high diversity 
despite the perception of low diversity given 
current sampling efforts.  

The similarity in species composition between 
parks showed marked variation (Figure 10). For 
example, Gros Morne and Terra Nova National 
Parks – 301km apart – shared the highest 
proportion of BINs (938 shared species), with a 
Chao’s Sorenson Similarity index (Chao et al., 
2005) of 0.39.
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Figure 8. Regression analysis examining the relationship between the number of barcoded 
specimens and number of BINs (BINs = 0.1187(Specimens) + 243.18). 
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2014 RESULTS – AUYUITTUQ NATIONAL PARK 

 
Two Malaise traps were deployed 

approximately 10m apart near Owl River on 

Baffin Island in Auyuittuq National Park 

(66.89054N 64.68099W, 1.37m ASL, Figure 15). 

These traps collected arthropods for one week 

on August 2-6 2014. One Malaise trap sample 

was analyzed which contained a total of 727 

specimens. A barcode recovery rate of 98.5% 

was observed, and a total of 78 BINs were 

generated (Appendix 1 & 2).  

 

The vast majority of specimens were flies 

(Diptera), followed in abundance by bees, ants 

and wasps (Hymenoptera; Figure 16). A few 

mites (Acari) and one ground crab spider 

(Araneae, Xysticus labradorensis) were collected 

as well. The Chao species estimate suggests that 

approximately 116 BINs are present in the park 

and could be collected with this method if 

sampling effort was extended (Chao et al., 

2005; Figure 17).  

 

Figure 16. Taxonomic breakdown of (A) 727 total specimens and (B) 78 total BINs 

collected by Malaise traps at Auyuittuq National Park in 2014. 

 

Figure 15. Malaise trap deployed near the emergency 

cabin at Auyuittuq National Park in 2014. 
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In total, 29 arthropod species were named, 

representing 42% of the BINs from the park 

(Appendix 3). All BINs were assigned at least to 

family, and 81% of the BINs were assigned to a 

genus. Specimens collected from Auyuittuq 

represent 17 different families and 42 genera. 

Appendix 4 provides a complete list of 

specimens with available taxonomy and 

collection information. It is important to 

emphasize that it will be possible to identify 

many of the taxa which currently lack a species 

name as the barcode reference library becomes 

more complete. 

The pattern of relative species abundance is 

quite typical, with only one species with >100 

individuals (180 Diamesa arctica specimens, a 

species of non-biting midge) and a large 

number of species with few individuals (34 

singletons; Figure 18). Species richness 

extrapolation using the lognormal species 

abundance distribution suggests that 252 BINs 

exist in the park (Preston, 1962).  

Figure 17. BIN 

accumulation curve for all 

specimens collected by the 

Malaise traps at Auyuittuq 

National Park in 2014. 

 

 

 

 

 

 

Figure 18. Lognormal 
species abundance curve, 

showing the total BINs 
within each log 2 

abundance frequency 
interval (Preston, 1962).  
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Table 1. Similarity indices between 11 northern parks. Auyuittuq values are highlighted in blue; red text 
indicates lowest value, while green text indicates highest value. 

 
AUL AUY IVV KLU NAH QUT SIR TOR TUK VUN WAP 

AUL                       

AUY 0.055 
          

IVV 0.075 0.036 
         

KLU 0.010 0.009 0.128 
        

NAH 0.012 0.009 0.141 0.227 
       

QUT 0.273 0.169 0.054 0.008 0.009 
      

SIR 0.348 0.133 0.055 0.007 0.012 0.307 
     

TOR 0.023 0.038 0.131 0.161 0.142 0.033 0.032 
    

TUK 0.090 0.087 0.053 0.031 0.039 0.101 0.070 0.110 
   

VUN 0.050 0.029 0.206 0.109 0.139 0.039 0.052 0.132 0.082 
  

WAP 0.045 0.012 0.143 0.103 0.165 0.026 0.035 0.167 0.077 0.118 
  

 
When comparing the BINs collected in 

Auyuittuq with those collected in other 

northern national parks, Auyuittuq shares the 

most species with Quttinirpaaq (N = 22) with a 

similarity index of 0.169 (Table 1). Despite being 

810km closer, Sirmilik and Auyuittuq only share 

13 species. 
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APPENDICES 

Appendix 1. Neighbour-joining tree of 

representative specimens from each BIN 

collected by the Malaise traps deployed at 

Auyuittuq National Park in 2014 (colourized 

based on Taxonomic Order). 

Appendix 2. Image library of 77 (out of 78) BIN 

representatives collected in Auyuittuq National 

Park (in alignment with Appendix 1). 

Appendix 3. Taxonomy report for Auyuittuq 

National Park. 

Appendix 4. Complete data spreadsheet of all 

specimens collected from Auyuittuq National 

Park with available taxonomy and collection 

information. 

  

 

 

 

 

http://biobus.ca/wp-content/uploads/2015/12/Appendix-1-Auyuittuq.pdf
http://biobus.ca/wp-content/uploads/2016/01/Appendix-2-Auyuittuq.pdf
http://biobus.ca/wp-content/uploads/2015/12/Appendix-3-Auyuittuq.pdf
http://biobus.ca/wp-content/uploads/2015/12/Appendix-4-Auyuittuq.xls





