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Motivation: the Taxonomic Impediment

Example: Kenai NWR LTEMP, t1

Example: the global biodiversity crisis



Setting: Kenai National Wildlife Refuge



Setting: Kenai National Wildlife Refuge



A broad conservation mandate

to conserve fish and wildlife
populations and habitats in their
natural diversity…

fish and wildlife = any member of
the animal kingdom including without
limitation any mammal, fish, bird,
amphibian, reptile, mollusk, crustacean,
arthropod or other invertebrate



Stressors: climate, development, exotic species

→ novel species assemblages,
trophic mismatch,

and potential extinctions



Long Term Ecological Monitoring Program, t1
▶ Collaborative effort with

USDA FIA program
▶ 259 permanent plots at

5-km intervals
▶ Sampled 2004, 2006, 2008
▶ Plants, birds, and

arthropods inventoried



Long Term Ecological Monitoring Program, t1

1,106 species:
▶ 80 birds
▶ 256 invertebrates

(15,136 specimens!)
▶ 324 vascular plants
▶ 297 lichens
▶ 149 bryophytes





Problem: the Taxonomic Impediment

Morphological identification is impractical for monitoring.





Linnaean taxonomy: species described per year

Graphic from http://bmcevolbiol.biomedcentral.com/articles/10.1186/1471- 2148- 8- 144.

2000-2009 average: 18,000 species/yr.a

ahttp://www.esf.edu/species/documents/sosretro.pdf

http://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-8-144
http://www.esf.edu/species/documents/sosretro.pdf


Described and estimated global biodiversity

Graphic from http://dnabarcodes2015.org/wp- content/uploads/2015/09/PaulHebert.pdf.

http://dnabarcodes2015.org/wp-content/uploads/2015/09/PaulHebert.pdf


The rise of molecular systematics

DNA barcoding

The technologies

A homeschool example



DNA Barcoding

Graphic from http://www.biomedicaltimes.com/2012/09/22/dna- barcoding/.

http://www.biomedicaltimes.com/2012/09/22/dna-barcoding/


DNA Barcoding: growth of boldsystems.org

Graphic from http://biodiversitygenomics.net/projects/bold/.

4.7M sequences, 693K species as of 18.Feb.2016a

ahttp://v4.boldsystems.org/

boldsystems.org
http://biodiversitygenomics.net/projects/bold/
http://v4.boldsystems.org/


Technologies: sequencing cost

Graphic from http://www.genome.gov/sequencingcosts/.

from $5,300 to 1.4¢!

http://www.genome.gov/sequencingcosts/


Technologies: portable DNA sequencer

$1,000 portable DNA sequencer

Image from http://labiotech.eu/interested- minion- first- pocket- dna- sequencer/.

http://labiotech.eu/interested-minion-first-pocket-dna-sequencer/


Technologies: consumer-ready kit

$35 consumer-ready DNA-based identification kit

Image from https://pbs.twimg.com/media/CVy48OZUAAEfFJ- .jpg:large.

https://pbs.twimg.com/media/CVy48OZUAAEfFJ-.jpg:large


Homeschool test: willow gall midges

Dominique Collet

Watercolors from Willows of Southcentral Alaska by Dominique Collet, 2002

http://web.acsalaska.net/~kenaiwatershed.forum/willowguide.html








Homeschool test: results

BOLD:ACZ0653

BOLD:ACZ0652

http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ACZ0653
http://boldsystems.org/index.php/Public_BarcodeCluster?clusteruri=BOLD:ACZ0652




Biomonitoring by molecules

Next generation metagenomic sequencing

Building an Alaska library

NGS Test drive: Tetlin NWR 2014



Next generation metagenomic sequencing



Alaska library: specimens (UAM & USFWS)

Image from http://www.akentsoc.org/doc/Sikes_DS_et_al_2016.pdf.

https://www.uaf.edu/museum/
http://www.fws.gov/Refuges/NaturalResourcePC/regionalIandM.html
http://www.akentsoc.org/doc/Sikes_DS_et_al_2016.pdf


Alaska library: specimen localities

Image from http://www.akentsoc.org/doc/Sikes_DS_et_al_2016.pdf.

http://www.akentsoc.org/doc/Sikes_DS_et_al_2016.pdf


Alaska DNA barcode library: status
▶ 8,421 terrestrial arthropod species known from Alaska
▶ 4,020 (47%) of Alaska species now on BOLD
▶ 1,464 Alaska species sequenced by UAM & USFWS

Insecta Arachnida Chilopoda Diplopoda

Not DNA barcoded
DNA barcoded
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http://www.boldsystems.org
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Tetlin NWR 2014: design



Tetlin NWR 2014: field methods

▶ Extensive remote-sense
and vegetation data
collected at 27 sites

▶ 2 sweep net samples at
each site



Tetlin NWR 2014: molecular methods

samples sequencing paired-end read merger

dereplication

clustering

VSearch searchAlaska vicinity COI reference library

identifications

Research and Testing Laboratory Galaxy

Sequences from BOLD

http://www.researchandtesting.com/
https://usegalaxy.org/
http://boldsystems.org/


Tetlin NWR 2014: results

▶ 84 latin names at various
levels of taxonomic
resolution

▶ 53 species names

▶ 118 BINs

▶ 1–9 species per plot

▶ 2–13 BINs per plot

Image from http://www.commanster.eu/commanster/Insects/
Flies/SuFlies/Ochlerotatus.communis.html.

Most common species:
Ochlerotatus communis

http://dx.doi.org/10.1371/journal.pone.0066213
http://www.commanster.eu/commanster/Insects/Flies/SuFlies/Ochlerotatus.communis.html
http://www.commanster.eu/commanster/Insects/Flies/SuFlies/Ochlerotatus.communis.html


Tetlin NWR 2014: results



Tetlin NWR 2014: results
First collection date (2014) of the Blackberry Skeletonizer
(Schreckensteinia festaliella) from Alaska.

Image by Peter Buchner (https://commons.wikimedia.org/wiki/File:Schreckensteinia_festaliella01.jpg)

https://commons.wikimedia.org/wiki/File:Schreckensteinia_festaliella01.jpg


Conclusion

↑ Power and availability of sequencing technology

↓ Cost

→ DNA sequencing is the future of inventory and monitoring
for insects, fungi, soil biota, freshwater plankton, diet…
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