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Scientific Report 2021
ARCTIC BIOSCAN (ARCBIO)

Bridging biodiversity science, DNA technology, and Indigenous knowledge to 
support biodiversity monitoring and conservation in the Arctic.

Abstract
Understanding the impacts of global change on Canada’s Arctic will be incomplete without 
comprehensive information on biodiversity. The Arctic BIOSCAN (ARCBIO) project, led by the Centre for 
Biodiversity Genomics (CBG) at the University of Guelph and supported by the Northern Science and 
Technology Program of Polar Knowledge Canada (POLAR), is laying the foundation for comprehensive 
spatial and temporal biodiversity monitoring in the Arctic by DNA barcoding. A DNA barcode is a short 
fragment of DNA sequence, unique to a species, for a particular gene common to all members of a 
group of organisms (such as animals or vascular plants). DNA is extracted from the unknown organism, 
the target region is amplified and sequenced, and the sequence is matched to an online database to 
identify the species. The use of high-throughput, next-generation sequencing platforms has enabled the 
analysis of bulk sample collections (known as metabarcoding). 
Despite the COVID-19 pandemic, which shut down field operations in 2020, ARCBIO’s contribution to 
the barcode database now totals nearly 16,000 species from close to 135,000 individual occurrence 
records of animals, plants, fungi and lichen from Canada’s northern regions. Analyzing natural history 
collections and bulk soil, terrestrial, freshwater, and marine samples enabled ARCBIO researchers 
to build this barcode data. New research avenues are being explored, including species interactions 
(symbiome analysis), the detection of pollinator insect DNA on flowers, and sample image analysis by 
machine learning. ARCBIO organized the 2021 field season to rely entirely on local researchers, staff, 
and students. The project aims to pave the way for community-based biodiversity monitoring programs 
to support conservation and adaptation efforts in Canada’s north.
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The first goal of POLAR’s Science and Technology 
Framework is “improving knowledge of dynamic northern 
terrestrial, freshwater and marine ecosystems in the context 
of rapid change.”1 Understanding the impacts of global 
change on Canada’s Arctic will be incomplete without 
comprehensive information on biodiversity. Past surveys 
have largely focused on the most conspicuous and easily 
identified species. However, identifying the majority of 
Arctic biodiversity requires specialized taxonomic expertise. 
Furthermore, traditional taxonomic identification methods 
require copious amounts of time and the ability to collect 
whole specimens. 
1 POLAR Knowledge Canada. (2020) Science and Technology 

Strategy 2020-2025 [Online]. 

DNA barcoding was developed in 2003 by a team of 
researchers led by Dr. Paul Hebert at the University of Guelph 
in Ontario, and it has since become a global standard for 
measuring biodiversity. As the name suggests, a barcode is 
a short fragment of DNA sequence, unique to a species, for 
a particular gene that is common to all members of a group 
of organisms (such as animals or vascular plants). DNA is 
extracted from the unknown organism, the target region is 
amplified and sequenced, and the sequence is matched to 
an online database to identify the species. Thanks to next-
generation sequencing technologies, it is now possible to 
extract DNA from bulk samples of soil, water, or various 
substrates and identify the species contained within, in a bulk 
analysis workflow known as metabarcoding.

DNA barcoding as a biodiversity surveillance tool for the Arctic

Single specimen = Single 658bp DNA sequence
Organisms processed via the standard DNA barcoding workflow 

contribute their barcode, specimen details, and image to the barcode 
library and the specimen and DNA are archived for future research.

Bulk specimens = 106+ DNA sequences
Processing bulk samples via the metabarcoding workflow results in 
massive amounts of barcode sequences, over 106 reads per sample 

with each run of the DNA sequencer containing 500 samples.

ARCBIO, BIOSCAN, and the iBOL Consortium
Arctic BIOSCAN (ARCBIO) is a program based at the Centre 
for Biodiversity Genomics (CBG) at the University of Guelph. 
Enabled by POLAR’s Northern Science and Technology 
Program, ARCBIO lays the foundation for comprehensive 
spatial and temporal biodiversity monitoring in the Arctic 
using DNA barcoding. ARCBIO is led by Drs. Paul Hebert and 
Jeremy deWaard and involves partnerships with the Canadian 
High Arctic Research Station (CHARS) and with community 
organizations, including the Ekaluktutiak and Kugluktuk 
Hunters and Trappers Organizations (HTOs) and regional 
wildlife and Territorial Parks offices. 

ARCBIO is integrated with BIOSCAN, the International 
Barcode of Life (iBOL) Consortium’s research program 
(visit https://bioscan.life/ to learn more). BIOSCAN is a 
$185 million global effort to deploy real-time DNA-based 
biodiversity monitoring platforms for all multicellular life. 
BIOSCAN funding supports the central public online 
databases BOLD and mBRAVE (see next page), in which 
species catalogued by ARCBIO are deposited. The overall 
aim of ARCBIO is to provide northern communities and 
Polar Knowledge Canada with the capacity to survey biotic 
change across the Arctic.

ARCBIO’s key project goals are to:
 » Create a publicly accessible reference library of DNA barcodes for Arctic life;
 » Test field methods for collecting and surveying Arctic species;
 » Work with local communities in the Kitikmeot Region to identify priority species or areas of 

interest and to establish community-based monitoring sites; and
 » Establish community-based laboratory protocols for DNA barcoding analysis.

DNA barcoding Metabarcoding

https://www.canada.ca/content/dam/polar-polaire/documents/pdf/science-technology-framework/science-technology-framework-2020-2025-EN.pdf
https://bioscan.life/


Field collections in Nunavut, Yukon 
Territory and Northwest Territories in 

2018 and 2019, as well as the analysis 
of northern specimens held in various 

Canadian natural history collections, have 
formed the basis of the ARCBIO reference 
library. As a result of these activities, the 

reference library now includes 95,538 
records and 99,184 barcode sequences for 

11,374 BINs or species. 
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Symbiome analysis:  
DNA isolated from a target specimen may contain DNA from other organisms 
associated with it (the ‘symbiome’). High-throughput sequencing platforms can 
be used to recover an array of sequences from a target that will identify both 
the target and associated species that may include the target’s food, parasites, 
pathogens, or mutualists. An initial symbiome analysis of 9,120 ARCBIO target 
specimens is underway. 

Environmental DNA (eDNA):  
ARCBIO Plant Lead Dr. Maria Kuzmina has been exploring the use of 
metabarcoding to detect eDNA from arthropods (insects) left behind on flowers. 
A pilot study of 95 flower samples from 8 flowering plant species detected 
over 100 arthropod BINs (species) that were matched to local insect species, 
authenticating this process as a useful addition to routine biomonitoring, 
particularly of pollinating insects. 

Artificial Intelligence–based image analysis:  
Colleagues from the University of Helsinki and the Machine Learning Research 
Group at the University of Guelph have partnered with the ARCBIO team to 
explore the use of artificial intelligence to analyze bulk images from insect 
traps. A high-resolution image of the trap contents can be analyzed to roughly 
classify specimens, count individuals by category, and estimate biomass. Trap 
samples from 42 ARCBIO traps have been photographed for analysis to date.

The expansion of the reference library 
has made possible the analysis of bulk 

samples by metabarcoding. To date, the 
ARCBIO team has analyzed 240 samples 

that include soil cores, terrestrial traps, 
and both freshwater and marine samples 
to record a total of 38,533 occurrences of 

9,561 BINs (species).
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Catalogue Expansion
Barcode sequences are uploaded to the BOLD database and, in most cases, to a Barcode Index Number cluster, or BIN. BINs 
closely correspond to species. ARCBIO’s contribution now totals nearly 16,000 species (BINs) from close to 135,000 individual 
occurrence records of animals, plants, fungi and lichen from Canada’s northern regions.  
These records originate from two sources:

Data Release

New Research Avenues

We wish to make ARCBIO data 
available on a variety of platforms and 

in a variety of formats to make it as 
accessible and usable as possible. In 
addition to BOLD and mBRAVE, which 

are iBOL’s central informatics platforms, 
our data is deposited in the Polar 

Data catalogue and is being prepared 
for submission to NCBI’s Genbank 
sequence repository. Furthermore, 
a new partnership with SIKU (The 

Indigenous Knowledge Social Network) 
is creating opportunities to link data 

streams between BOLD and SIKU and 
to ensure that ARCBIO data are relevant 

and accessible to Inuit communities.

New Developments

https://polardata.ca/
https://polardata.ca/
https://siku.org/
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The 2021 field season was organized by Jeremy deWaard, Elise Imbeau (Viventem, Cambridge Bay), and Bryan Vandenbrink 
(U of Guelph/CHARS MSc student, Cambridge Bay) and relied entirely on local researchers, staff, and students. It entailed 
field collection, standardized monitoring, local training, and community outreach events in Cambridge Bay, Kugluktuk, 
Kugaaruk, and Gjoa Haven. Two previous Science Rangers (Jaiden Maksagak and Carter Lear) returned for the 2021 field 
season. A senior high school student was recruited for training and employment in Cambridge Bay and Kugluktuk. These 
activities resumed the collaboration with Ekaluktutuak and Kugluktuk HTOs to establish community-based monitoring. Science 
Rangers accompanied researchers on collecting expeditions to Kugaaruk and Gjoa Haven in July 2021 and were involved in 
establishing contacts and developing relationships with local HTOs. ARCBIO is developing a streamlined framework to ensure 
prompt reporting of biodiversity shifts that could affect community livelihoods or ecosystem health.

For more information on Arctic BIOSCAN’s 
guiding principles for community engagement:
Pedersen, C., Otokiak, M., Koonoo, I., et al. (2020) ScIQ: 
an invitation and recommendations to combine science and 
Inuit Qaujimajatuqangit for meaningful engagement of Inuit 
communities in research. Arctic Science, 6, 326-339.  
https://doi.org/10.1139/as-2020-0015
Wong, C., Ballegooyen, K., Ignace, L., et al. (2020) Towards 
reconciliation: 10 Calls to Action to natural scientists working 
in Canada. FACETS, 5, 769-783.  
https://doi.org/10.1139/facets-2020-0005

From the ARCBIO team:
Pentinsaari, M., Blagoev, G. A., Hogg, I. D., et al. (2020) A 
DNA barcoding survey of an Arctic arthropod community: 
Implications for future monitoring. Insects, 11, 46.  
https://doi.org/10.3390/insects11010046
Nowosad, D. (2021) Arctic BIOSCAN: Tracking biodiversity in 
Canada’s Middle Arctic using DNA. iBOL Barcode Bulletin
For more about DNA barcoding:
Hebert, P. D., Hollingsworth, P. M., & Hajibabaei, M. (2016) 
From writing to reading the encyclopedia of life. Phil. Trans. R. 
Soc. B, 371, 20150321. https://doi.org/10.1098/rstb.2015.0321

ARCBIO would like to hear from you!
ARCBIO’s mandate is to provide POLAR with biodiversity knowledge to strengthen conservation efforts in Canada’s 
Arctic. We are always interested in hearing your feedback, answering your questions, and partnering with research teams 
interested in species identification and monitoring. Please find us on social media (@iBOLconsortium).

Further Reading
For more information on how you can get involved in biodiversity monitoring activities, or to learn more 
about DNA barcoding and the BOLD database, please visit arcticbioscan.ca

In the Community: Knowledge Exchange
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