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The Sorex cinereus
“complex”

noun: complex
/ kdm'pleks, kam pleks, kdm pleks/

1. agroup or system of different
things that are linked in a close
or complicated way; a network.

adjective: complex

2. not easy to analyze or
understand; complicated or
intricate.




Taxonomy and
systematics
through time

Variation in:
* Morphology

* Karyotypes
e Allozymes

DNA sequences

Demboski and Cook 2003
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Sorex cinereus group proposed
Beringian species allied with S. cinereus

Specific distinction of S. cinereus

Specific distinction of S. cinereus, S. beringianus (=S. leuco-
gaster), and S. hydrodromus (=S. pribilofensis)

Palearctic subspecies of S. cinereus (S. c. camtschatica, S. c.
leucogaster, and S. c. portenkori)

Specific distinction of S. haydeni

Beringian species and S. haydeni distinct from S. cinereus

Specific status of S. camtschatica, S. leucogaster, and S. ugyu-
nak

Monophyly of S. cinereus, S. fontinalis, S. haydeni, and S. pre-
blei, including S. longirostris

Specific distinction of S. cinereus and S. haydeni

Paraphyly (S. cinereus and S. haydeni)
Paraphyly or mtDNA introgression (or both) of S. haydeni and
S. cinereus

Sorex jacksoni subsumed to S. c. jacksoni
Multiple colonization of Asia by members of the S. cinereus

group
Sister relationship of S. cinereus and S. haydeni




Current knowledge

» 13 described species in two
primary mtDNA clades
(Demboski and Cook 2003; Hope
et al. 2012):

a

S. pribilofensiN{undra)

S. haydeni (prairie and
S. cinereus tentatively

grassland)

northern: xerc dentified (New Mexico: dry, ponderosa pine parkland)

S. prepleffarid/semiarid grassland and sagebrush)

outgroups

southern: mesic S. cinereus (Yoreal and deciduous forest)

Demboski and Cook 2003 S. longigéiris (marsh, bog, and deciduous foresf)

e “Southern Clade”

» Sorex cinereus — masked shrew
» Sorex longirostris — southeastern shrew

* “Beringian Clade”
* High Latitude
» Sorex ugyunak — barren-ground shrew
» Sorex jacksoni — St. Lawrence Is. shrew
* Sorex pribilofensis — Pribilof shrew
* Sorex portenkoi — Portenko’s shrew
» Sorex camtschatica — Kamchatka shrew
» Sorex leucogaster — Paramushir shrew
* Low Latitude
* Sorex haydeni — Prairie shrew
Sorex preblei — Preble’s shrew
Sorex lyelli— Mount Lyell shrew
Sorex milleri — Carmen Mtn. shrew

» Sorex emarginatus — Zacatecas shrew



urrent knowledge

* A taxon in the Jemez and San Juan Mtns.
of the Southwest appears to be distinct,
but...

* mtDNA similar to S. haydeni
 nuDNA similar to S. preblei
* - hybridization??

0.99

0.83

S. portenkoi UAM 84282

S. portenkoi UAM 84286
S. portenkoi UAM 33259
S. portenkoi UAM 84290
S. portenkoi UAM 83828
S. portenkoi UAM 83837
S. portenkoi UAM 83840
S. portenkoi UAM 83851
S. portenkoi UAM 83852

S. jacksoni AY014922
0.0 S- jacksoni AY014923
S. jacksoni AY014924
1
S.

0.83

S. jacksoni AY014925
S. jacksoni AY014926

S. camtschatica UAM 73465
. jacksoni UAM 21510

S. pribilofensis IF 10051
1 S. pribilofensis IF 10052

S. pribilofensis IF 10053

S. pribilofensis IF 10054

S. pribilofensis IF 10055
S. pribilofensis IF 10056
camtschatica UAM 29148

. camtschatica UAM 29149
. camtschatica UAM 29150

0.83 . camtschatica AY014920
- S. camtschatica UAM 84134

S. camtschatica UAM 80338
pu S. ugyunak UAM 36761
S. ugyunak UAM 56121
pg= S. Ugyunak UAM 56384
p=S. ugyunak UAM 56475
S. ugyunak UAM 82135
S. ugyunak UAM 82073
S. ugyunak UAM 82014
p= S. ugyunak UAM 82020
S. ugyunak UAM 78479
p=S. ugyunak UAM 46994
S. camtschatica AY014916
b S. ugyunak MSB 143102
p=S. ugyunak MSB 143121
= S. leucogaster UAM 43110
{ S. sp. RM MSB 225963
S. sp. RM MSB 225964
S.sp. RM MSB 156263
p= S. sp. RM _MSB 156563
S. sp. RM MSB 156564
S.sp. RM MSB 156442
S.sp. RM MSB 224113

nwunn

S. sp. SW MSB 140358
S. sp. SW MSB 140359
S. sp. SW MSB 140360
S. sp. SW MSB 140391
S.
S.

sp. SW DGR 31812
sp. SW MSB 140819
. sp. SW MSB 9100

S. haydeni OSUFW 9480
S. haydeni UAM 50346

S. haydeni OSUFW 9477
S. haydeni OSUFW 9479

S. preblei UWBM 78306
S. preblei RBCM 19015
S. preblei OSUFW 3861
S. preblei RBCM 19993
S. preblei RBCM 20005

Tundra/taiga
Beringian
Species

including:
Sorex camtschatica
S. jacksoni
S. leucogaster
S. portenkoi
S. pribilofensis
S. ugyunak

S.sp.RM
central Rocky Mtns.

1 S.lIyelli Sierra Nevada

S.sp. SW
southwest US

478

S. haydeni
Great Plains

S. preblei
Columbia Basin

Hope et al. 2012



Current knowledge

* Also evidence for hybridization in
northern AK between S. cinereus
and S. ugyunak, but...

* Very few and all early generation
* 9 reinforcement zone

* Also evidence for hybridization in
Great Plains between S. cinereus
and S. haydeni, but...

* Based on morphology and mtDNA
only

* Not great evidence to date (Brunet
et al. 2002)
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What is the complexity?

* Some species have enormous ranges with really high intra-specific
diversity (e.g., S. cinereus)

* Some species have very limited ranges (e.g., S. lyelli)
* Some species have “patchy” distributions (e.g., S. preblei)
* Some species are insular with very low diversity (e.g., S. pribilofensis)

* Lots of described species have a very recent evolutionary history
(e.g., Beringian species fragmented following LGM)

* Other species are older (e.g., S. longirostris)
* Lots of (shaky) evidence for hybridization
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What is the complexity?

* Vastly different ecology among species
e Xeric vs. mesic habitats
* Correspondingly complex responses to environmental change
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What are the problems?

* After all these years we still don’t have a good handle on
taxonomy or systematics within this complex.

* Nominal species have been described based on inconsistent
criteria

* More complexity with more data = continued ambiguity



Why does this matter beyond simply knowing?

* Effective management and conservation rely on diagnosable
taxa and knowledge of evolutionary (and ecological) dynamics
e Assessment of hybrid status
e Genomic flatlining
* Independent evolutionary trajectories
* Distinct population segments

* Understanding the evolutionary process of speciation
* Allopatry vs. sympatry vs. parapatry
e Speciation with gene flow
* Adaptive divergence
* Drift

* Resulting co-evolutionary dynamics of host speciation
* Parasites/pathogens
* Disease = wildlife health 2 human health



Goals

* Assess species limits with data from genomic subsampling
* Qualify current taxonomy
* mtDNA designations vs. ddRADseq

* Investigate hybridization
* Mitonuclear discordance
* Intermediate genomic signatures

* Investigate evolutionary history and genomic legacies
* Phylogeography
* Conservation

* Overcome issues of complexity
* Develop framework for implementing with other species complexes



Methods

e ~700 samples genotyped for mtDNA cytochrome b
* All nominal taxa except S. emarginatus

* ~400 sequenced using ddRADseq
» 8 described species and other taxa
e 5,000-12,000 SNPs depending on group and analysis

* Analyses (ongoing)
* Phylogeny reconstructions

* Clustering analyses
* Genomic diversity



MtDNA tree

e 2 clades

* No consistent reciprocal
monophyly between
recognized species

* Lots of paraphyly and
polyphyly
* Lots of undescribed diversity

* Huge amounts of diversity
within S. cinereus compared
with other species
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SNP tree

* 4 primary monophyletic
clades
* S. longirostris
* S. cinereus
* High-latitude Beringian
* Low-latitude Beringian

* Well-supported monophyly
among northern species

* Poorly differentiated southern
species

* A few hybrids

° <] 1. S. longirostris

500118 85757

1 2?? S. cinereus

eeeeeeeeeeeeeee

I 3. S. ugyunak
[ 1 4. S. camtschatica
5. S. portenkoi

6. S. pribilofensis




Hybridization between species

* Northern Alaska (S. cinereus and S. ugyunak)
* Very few hybrids
* All early generation (F2)
* No evidence of mito-nuclear discordance

» Great Plains (S. cinereus and S. haydeni)
* All samples thought to be S. haydeni were actually S. cinereus
* No evidence of mito-nuclear discordance

* Jemez Mtns taxon
* Seemingly unique based on all evidence to date



Phylogeography
of S. cinereus

 Very few distinct
populations

* Alaska/Yukon
* Unimak Island, AK

* New Mexico

* Regional lineages but
lots of gene flow

* Strong isolation by
distance

{ 0 750 1,500 km N



Phylogeography of S. cinereus — Beringian refugium?

PC2, 4.3% variance explained
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How do we delimit species within complexes?

* Sample comprehensively through space and time

* Use a combination of ecological and evolutionary knowledge
* Use mtDNA only as supporting evidence for genomic legacies
* Assess dynamics of gene flow

* |dentify major genomic groups/clades

* Look for reciprocal monophyly in conjunction with statistically
discrete clusters

* Diagnose species noun: complex
/ kam'pleks, kam'pleks, kdm pleks/
1. agroup or system of different things that are
linked in a close or complicated way.
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Conclusions

° <] 1. S. longirostris

sssssssssssssss

1 2?? S. cinereus
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B 3. S. ugyunak
[ 1 4, S. camtschatica
5. S. portenkoi
6. S. pribilofensis

To Be Determined:

S. milleri

S. emarginatus No Good
S. jacksoni Samples
S. leucogaster

S. haydeni

At least one new species:
San Juan Mtns. (NM/CO)

Subsumed taxa:

S. preblei should include:
S. lyelli

S.sp. B

S.sp. C

(All intermountain west)



