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What is biodiversity?

Conservation units: recognizable, 
substantive components of  the 
evolutionary legacy of  a taxon

Larsen et al. 2012
signal crayfish

Ardren et al. 2011
bull trout

● DPS
● ESU
● GMU
● Stock

● UCS
● Subspecies
● Species
● MOTU

...all are lineages

Why is it relevant?

● ESA & SARA

● Tinkering: demographic 
manipulation via translocation

● Basis for understanding 
evolutionary histories



The problem with Cottus

● Most challenging group to identify
● Morphology: difficult & “unstable”
● Hybridization ongoing & ancient
● Taxonomy unsatisfying
● Extraordinarily abundant

Images & drawing by D. Neely



Cottus uberdiversity!
● 13 distinct lineages

● Groups correspond with major 
watershed boundaries (mostly)

● Groups not readily assigned to 
known species



Google “Sculpin Qwest”

SculpinQwest: the collection 
approach

 Sourcing the crowd: the SculpinQwest 
collaborative
 100s of  biologists & citizen-

scientists from every state and 
province in western NA

 A simple collection protocol
 ~8,000 specimens

 Rewarding the crowd: providing results 
to the stakeholders



SculpinQwest: the molecular 
approach

 COI (mtDNA)
 The ~600 bp “barcode”

 cyt b (mtDNA)
 The most commonly sequenced 

gene for fish

 S7 (nuDNA)
 A non-coding intron with modest 

evolutionary rates

 Rhodopsin (nuDNA)
 Highly conserved for detecting 

ancient divergence

0.1-0.9%

0.1-0.6%

2.4%



Lineage delineation

● Species concept: evolutionary

● Criteria: standard phylogenetic 
analyses
● Distances (%)—barcode gap
● Diagnosable—monophyletic
● Allopatry with respect to close 

relatives

● Null hypothesis: existing taxonomy is 
correct
● Ingroup defined by specimen 

nearest type location
● Applied to each species complex

● Provisional: ~90% complete

● Four case histories

542-3254



Gp_1 Gp_2 Gp_3
Gp_1
Gp_2 1.04
Gp_3 2.34 2.22
Gp_4 3.01 3.12 2.87

Torrent sculpin complex
C. rhotheus

Species of  interest 

cyt b distance matrix

cytb NJ tree

Geographic distribution
of  clades



Gp_1 Gp_2 Gp_3
Gp_1
Gp_2 1.04
Gp_3 2.34 2.22
Gp_4 3.01 3.12 2.87

Torrent sculpin complex
C. rhotheus

?

• Multiple taxa: distances > 1% 
(Nicholas/Sidlauskas/Zaroban)

• Links across the scablands
• Columbia River barrier
• Chehalis Refugium
• Blues are uncertain



Cedar sculpin
C. schitsuumsh



Cedar sculpin
C. schitsuumsh

• Cohesive “taxon”
• Introduced in MT
• Native to central WA
• Links across the scablands

Gp_1 Gp_2 Gp_3 Gp_4 Gp_5
Gp_1
Gp_2 0.55
Gp_3 0.84 0.82
Gp_4 0.84 0.86 1.06
Gp_5 0.58 0.60 0.77 0.70
Gp_6 0.55 0.58 0.67 0.77 0.60



Shorthead sculpin complex
C. confusus



Gp_1 Gp_2 Gp_3 Gp_4 Gp_5 Gp_6 Gp_7
Gp_1
Gp_2 0.56
Gp_3 0.42 0.42
Gp_4 1.41 1.46 1.45
Gp_5 1.69 1.79 1.72 1.05
Gp_6 2.35 2.40 2.15 2.50 2.56
Gp_7 2.29 2.19 1.94 2.36 2.64 1.60
Gp_8 2.64 2.64 2.29 2.52 2.83 2.55 2.27

Shorthead sculpin complex
C. confusus



Shorthead sculpin complex
C. confusus

?

?

• Extreme complexity
• Links across the scablands & 

beyond
• Substantial uncertainties
• A bull trout surrogate?
• Absent from NW WA



Gp_1 Gp_2 Gp_3 Gp_4 Gp_5
Gp_1
Gp_2 1.25
Gp_3 1.59 0.93
Gp_4 2.95 2.66 2.56
Gp_5 3.07 2.56 2.53 2.61
Gp_6 3.04 2.71 2.61 2.88 1.01

Slimy sculpin complex
C. cognatus



Gp_1 Gp_2 Gp_3 Gp_4 Gp_5
Gp_1
Gp_2 1.25
Gp_3 1.59 0.93
Gp_4 2.95 2.66 2.56
Gp_5 3.07 2.56 2.53 2.61
Gp_6 3.04 2.71 2.61 2.88 1.01

Slimy sculpin complex
C. cognatus

• Nuclear cohesion
• Three new taxa?
• Rocky Mtn-N/S AK link
• NW WA-Great Lakes link



Briefly...

● Additonal results
● C. gulosus is not found in WA
● C. beldingii isn’t either...but C. 

tubulatus is
● C. bendirei is real...just not here

● Biodiversity hotspots & “gray” zones
● The Blues
● E. Cascades
● Columbia Gorge tributaries 

(Klickitat R. downstream)

● Corroboration from comparative 
phylogeography

https://www.fs.usda.gov/treesearch/pubs/57473

Westslope cutthroat 
trout lineages

Young et al. (2018). The phylogeography of westslope cutthroat trout. 
Pages 261-301 in Trotter P, Bisson P, Schultz L, Roper B (editors). 
Cutthroat Trout: Evolutionary Biology and Taxonomy. Special 
Publication 36, American Fisheries Society, Bethesda, Maryland.
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