Testing Global Ship-borne Species Spread Models
with Metabarcoding

*Erin K. Grey?!, Paul Czechowski?3, Kara Andres?, Jose Andres?, Kristy Deiner?,
Yiyuan Li>, Michael Pfrender®, Mandana Saebi®, Nitesh Chawla®, David Lodge?

1Governors State University, 2Cornell University, 3University of Otago, 3London Museum of Natural History, “University of
Texas at Austin, >University of Notre Dame

Cornell University




Ports are hotspots for aquatic nonindigenous species (NIS). But...
v’ Ballast and biofouling transport
v' Complex and dynamic global shipping patterns
v’ Challenging to capture and identify organisms



Biofouling vs. ballast water transport




Complex and dynamic global shipping patterns

| Major shipping routes 2007. Kaluza et al. 2010 |

Major ballast clusters
2005. Xu et al. 2014

2016

| Ballast invasion probabities 2007. Seebens et al. 2013 | I |
| Xu et al.




Challenging to capture and identify organisms



Can eDNA surveys help test global NIS
transport models?

Credit: Chris Jerde

Benefits

v'Easier fieldwork

v'Easier standardization

v'Taxonomic expertise not
required

Drawbacks
Cannot identify all species
No size/stage/condition info
False positives
False negatives



METABARCODING DATA

amplicon sequence variant ASV 1 ATGCGGATGCATCGCTGACTAGCTATTTTGGACATGTA...
ASV 2 ATGCGGATGCATCGCTGACTAGCTATTTTGGACATGTG...
ASV 3 ATGTAGCAGCATCGCTGACCCCCCTAGTTGGACATGTA...
ASV 4 ATAAGCTTGCATCGCTGACTAGCTATTTTGGACATGTC...
ASV 5 ATGCGGATGCATCGCTGACCCGTCAAATTGGACATGAA...

ASV 7 ACGCGGATGCATCGCTGACTAGCTATTTTGGACATGTA...

ASV 8 ATGCGGATTTTTCAAGGGGACTAGCTATTATGGACATGG...

ASV 9 ACGCGTATGCGATCGCTGACTAGCTATTCTGGACATGTA...




22 port survey



PCOA - PC1 vs PC2 Su rvey Resu ItS
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Species assignments must be treated w caution,

The most common taxa make sense: Bestiolina similis (copepod), Skeletonema menzeli (diatom), Synchaeta
pectinata (rotifer)
eDNA-based overlap of all species (line width) & NIS (color) btwn realms looks about right.
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Testing a simple hypothesis:
Shipping decreases genetic dissimilarity between ports.

Unifrac.Dist,; ~ Env.Dist,; + Biogeo.Dist,g + Voyages,; + (1|PortA) + (1|PortB)

Genetic dissimilarity between ports

depends on

Environmental similarity between ports

Are ports in same realm?

# of voyages between ports



Unifrac.Dist,, ~ Env.Dist,; + Biogeo.Dist,, + Voyages,, + (1|PortA) + (1|PortB)

UniFrac is community
dissimilarity metric that
incorporates phylogenetic
distances between organisms
iIn each community.



Unifrac.Dist,, ~ Env.Dist,; + Biogeo.Dist,; + Voyages,, + (1|PortA) + (1|PortB)

« Scaled Euclidean distance between 4 port environmental variables
(Keller et al 2011 — World Oceann Atlas 2013):

- mean annual temp
- mean temp warmest month <>
- mean temp coolest month

- mean salinity

- Mean temp coolest month




Unifrac.Dist,; ~ Env.Dist,; + Biogeo.Dist,; + Voyages,; + (1|PortA) + (1|PortB)

Same Realm = 0
Different Realm = 1

Marine realms from Costello et al.



UnifracDist,; ~ Env.Dist,, + Biogeo.Dist,; + Voyages ,, + (1|PortA) + (1|PortB)

>

| loyd’s List Intelligence

e Ship traffic data from Lloyds Maritime
Intelligence unit

e Sum all voyages between port pairs
from years 1997, 2002, 2008, 2012



Statistical Model - Hypotheses

UnifracDist,; ~ Env.Dist,; + Biogeo.Dist,, + Voyages,; + (1|PortA) + (1|PortB

/ / \ —— hypothesis

low high same  diff. few many

Unifrac




Statistical Model - Results

UnifracDist,; ~ Env.Dist,, + Biogeo.Dist,, + Voyages,; + (1|PortA) + (1|PortB)

*
/ % \ E——— hypothesis

low high same diff. few many * = significant

Unifrac

« This model was better than a null model (not shown).

. The slopes were going in predicted direction for all 3 factors.

. Environmental similarity and voyages significant, realm not
significant.



Future Work

1. More ports 2. Refine Env.dist 3. Test more
:gﬁﬁ“af‘ Arctic] & Biogeo.dist complex

variables hypotheses



Remember this:

v'eDNA metabarcoding resolves port biodiversity
patterns nicely

v'Preliminary support for hypothesis that shipping
homogenizes port communities
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Follow my research!
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