Strategies and challenges in detecting non-indigenous species (NIS) in the Great
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Background Environmental DNA: St Louis River Estuary
ﬁﬂ/ Great Lakes coastal systems are vulnerable to * Most ship traffic of any port in Great - Water samples analyzed for DNA using
Western Lake Superior ¢ FAs introduction of a wide variety of non-indigenous Lakes_ | lllumina Miseq (16s marker)
_ - | | species (NIS). To increase detection of NIS in * 240 sites, Spring and Summer 2016
Tond Study Arca - Western Lake Superior, the U. S. EPA and partners Taxa Detected by eDNA and Not Morphological ID . . . Results
— ] ) D ) 3 fish species found using DNA analysis of water samples had never
sle Royale have implemented a variety of strategies including . sauger previously been found in system
d_eplo_ymg a- wide ran-g e of gear types,_ conducting ratnead catfie 4 New NIS7 * Gizzard shad was later found in 2017

N high m_tens:t_y sampling, and performing PNA ke hermamieton b Probable False Positive |

Eg'ﬂ;ﬁ 5 e analysis of tissue and water samples. This Oz e ¢ New NIS - Flathead catfish may represent a new NIS taxa, as some flathead catfish
' ";ﬂ;ﬁe A | research has been conducted in remote areas of eoho salmon may have been previously MisIDed as bullhead catfish
__ 1 atlantic salmon
5 N Lake Sup erior such as Isle Ro_y ale_ and Ap ostle E‘f;:fjé::ﬁ;’:_ « Silverstripe shiner likely is not present and represents a false positive due
St Louis River Estuary T T T T T T A Islands, as well as the St. Louis River Estuary, I ke trout to inability to differentiate between shiner species
i S0 Rl which has the most ship traffic in the Great Lakes. 0 10 2 30 20 2 60

% of total sites sampled

Multiple Gears: Macroinvertebrates in Isle Royale DNA Metabarcoding
* Remote, largest island in Lake Superior, with ~18,000 annual visitors to Isle Royale National Park Larval fish: St Louis River Estuary Zooplankton: Lake Superior
« 252 sites in nearshore areas, Spring and Summer 2012 )
 Goal: To compare how gear type influences NIS detections * Multiple surveys (2012-2017) * Nearshore and offshore, and deep water sites
+ Gear:light traps(52), sweepnet (18), hester dende (24), vacuum(30), rock bag (24), PONAR (105) * Tissue samples analyzing using lllumina Miseq * 42 sites, Spring and Summer 2012
(CO1); morph ID compared to DNA ID + Tissue samples analyzed using llumina Miseq
NIS Species Collected by Gear Type :
Results NIS Taxa-Morphology (2012) NIS Taxa-DNA (2012) (CO1,16s, and 18s); compared to morph ID
§ 188 * 3 NIS species collected tubenose goby- L tubenose goby-
(_E_ 28 stickleback-threespine - . stickleback-threespine- . Results :
£ 60 * No single macroinvertebrate gear found all 3 NIS species P « 23% of zooplankton species Probable Reasons for Potential
8 28 ruffe- S ruffe- were not detected using DNA Mismatch between Species-
30 « Light traps captured spiny water flea at . round goby’ because they were absent Level Taxa Identified Using
gt I l significantly more sites compared to other gear types PR N from online barcode databases Traditional Morphology versus
0 . - . rainbow smelt- = ——— rainbow smelt- DNA
Bythotrephes longimanus Gammarus fasciatus Ripestes parasita mon carp. - For those species detected,
(spiny water flea) (freshwater shrimp) (oligochaete) M | | | | | | | _ iR " IR _ IIIIIIII orobability of detection Not n DNA- NotinONA
m HESTER DENDE m PONAR VACUUM SWEEPNET mLIGHTTRAP mROCKBAG % % % % % % % % % % % % % % g g % % g g g % % % % g g g g g g determlned US|ng Occupancy Resolution Differs 4%
S28nce-888seco SEERI R E RN E IS analysis wa higher for DNA
_ ] _ : : Date 2 Date versus traditional ID: 55% AT —
High Intensity Sampling: Dressenids in the Apostle Islands versus 33% o o
] ] | - Results * 4 potential new NIS species
* Cluster of islands, frequented by motorized and * DNAimproved understanding of spatial and temporal patterns of NIS found; verification needed
- ] because potential for DNA
non-motorized boats - Larval fish notoriously hard to identify; DNA suggested ~42% of larvae false positives e 1l
» Before study, only a few cases of adult were misIDed mmatres o -
dreissenids had been found on shipwrecks by

« DNA found two new NIS species in larval tissue (2015), white bass and

National Park Service gizzard shad, before they were detected with traditional fish surveys.

50 random and 50 targeted sites, sampled in 2015

Results S
» Dreissenids (zebra or quagga mussels) found in 43 zooplankton A U mmal'y
samples using morphological ID ="
& - Zooplankten samples « A combination of strategies, including 1) multiple gear types, 2) high intensity sampling designs, and 3) DNA analysis of water samples and
. - ‘ o Absent . . . . . . .
 Zebtra mussel DNA present in 6 mesh banners deployed for - . @ tissue have been used to identify NIS taxa in Lake Superior before they have become pervasive, and to understand the spatial and temporal
weeks and spanning numerous depths £ 307 ) . | increasing patterns of invasion of new and established taxa.
(77 - density
- Follow up study indicated source of veligers (dreissenid larvae) absent  présent X e anner  Lake Superior has fewer NIS species compared other Laurentian Great Lakes. This knowledge can be used to identify the source of past
may be St. Louis River Estuary due to movement by summer | invasions, develop targeted efforts to limit NIS spread, and identify strategies to limit the source of future invaders. It can also be used to
currents Map of Dreissena detections. Veligers found at very low densities improve morphological ID in the future.
(max 39/m3, most <5/m3). DNA detections were also at very low
concentrations. « Challenges include 1)expending large time and money towards study design; 2)identifying false positives with DNA data, 3)determining how

filtering steps affect false positives and false negatives, and 4)choosing appropriate primers for DNA analysis
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chao2

		

				# Samples		# Species		Beta Diversity		# Exotic Taxa		# Rare Taxa		# Uniques		# Duplicates		Projected Taxa Diversity

		Gear

		PONAR		105		201		36		2		3		69		26		283

		Sweepnet		18		212		58		2		4		93		17		448

		Hester Dende		24		60		6		2		0		29		8		110

		Vacuum		30		127		8		1		1		41		12		187

		Light Trap		52		87		7		1		1		32		11		129

		Rock Bag		24		106		6		2		0		32		10		147

		PONAR + Sweepnet		123		307		94		3		6		116		37		483

		Zone

		Windigo		44		186		12		3		3		63		28		255

		Siskiwit		50		164		15		2		4		72		27		258

		Todd Harbor/McCargoe		59		195		12		1		2		68		32		266

		Rock Harbor		74		215		21		2		3		77		26		326

		All Gears and Zones		252		344		--		3		6		121		48		494

		Table 2. Summary statistics by gear and zone.
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										PONAR		VACUUM		SWEEPNET		LIGHTTRAP		ROCKBAG

								Allocladius bothnicus		1		1

								Centroptilum						3

								Contempillina		1

								Oecitis  nocturna		4				1

								Oreodytes laevis						4		1

								Gyrinus cavatus						1

								total		105		30		18		52		24

										PONAR		VACUUM		SWEEPNET		LIGHTTRAP		ROCKBAG

								Allocladius bothnicus		0.95		3.33

								Centroptilum						16.67

								Contempillina		0.95

								Oecitis  nocturna		3.81				5.56

								Oreodytes laevis						22.22		1.92

								Gyrinus cavatus						5.56
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isleroyalebugs

						Hester Dendy		Ponar		Lighttrap		Rockbag		Sweepnet		Vaccum

				Annelida		30.83		18.38		0.14		19.53		10.79		6.25

				Annelida unk		--		0.04		--		--		--		--

				Arhynchobdellida		0.00		0.09		0.13		0.49		0.10		0.03

				Enchytraeida		0.16		0.57		--		0.02		0.05		0.31

				Hirudinea		0.00		0.02		--		0.14		0.54		0.68

				Lumbriculida		0.08		3.41		--		0.47		0.02		0.32

				Oligochaeta		0.57		2.35		--		2.75		2.92		0.79

				Opisthopora		--		0.00		--		--		--		--

				Rhynchobdellida		0.49		0.16		0.00		1.37		0.04		0.11

				Tubificida		29.53		11.74		0.01		14.29		7.12		4.01

				Arthropoda		37.77		59.02		99.77		68.47		66.29		66.37

				Amphipoda		1.22		24.49		1.56		9.67		6.42		6.22

				Arachnida		--		1.08		0.01		0.77		0.20		0.45						100.00

				Arthropoda unk		--		0.20		--		--		--		0.05

				Branchiopoda		0.24		0.12		0.07		0.02		--		--

				Coleoptera		0.33		0.02		0.02		0.19		1.54		0.03

				Collembola		--		--		--		--		--		0.01

				Diplostraca		0.24		0.23		69.25		0.14		1.23		0.25

				Diptera		20.07		16.54		0.86		9.07		13.41		22.85

				Ephemeroptera		6.20		0.05		0.18		3.43		1.85		0.26

				Hemiptera		0.16		0.10		27.11		0.12		27.80		0.23				100.01

				Insecta		2.61		5.27		0.05		1.33		5.11		3.53

				Isopoda		5.87		8.87		0.01		37.59		2.86		22.53

				Lepidoptera		--		0.01		--		--		0.004		--

				Malacostraca		--		0.76		--		1.17		0.14		0.81

				Megaloptera		--		0.02		0.02		0.07		--		0.01

				Mysida		--		0.01		0.01		--		--		--

				Odonata		0.08		--		--		0.09		0.68		--

				Plecoptera		--		--		0.01		0.02		--		0.03

				Sarcoptiformes		0.00		0.001		0.0001		--		0.04		--

				Trichoptera		0.57		0.37		0.02		2.21		3.43		4.33

				Trombidiformes		0.16		0.89		0.57		2.59		1.59		4.77

				Cnidaria		29.45		0.09		0.00		6.22		0.14		0.32

				Anthoathecataeÿ		29.36		0.09		--		5.83		0.14		0.30

				Hydrozoa		0.08		0.00		--		0.40		--		0.02

				Mollusca		1.96		22.51		0.09		5.78		22.79		27.06

				Basommatophora		0.65		1.09		0.002		3.10		15.78		7.19

				Bivalvia		--		0.36		--		0.12		0.30		0.43

				Gastropoda		1.31		0.93		0.00		0.77		0.92		0.53

				Heterostropha		--		1.97		--		0.26		0.28		5.11

				Mollusca unk		--		0.28		--		--		--		--

				Neotaenioglossa		--		0.70		0.0009		0.14		0.69		0.49

				Stylommatophora		--		--		--		--		0.54		--

				Unionoida		--		0.0030		--		--		--		--

				Veneroida		--		17.18		0.08		1.40		4.28		13.31						100.00

				Table 1. Summary of percent of taxa abundance by each major phylum and gear type.





chao1

		

				# Sites		# Species		# Unique Species		# Singletons		# Doubletons		# Exotics		# Rare		Chao1 estimator

		Gear

		PONAR		75		201				18		18						217

		Sweepnet		18		212				32		13						282

		Hester Dende		24		67				4		2						72

		Vacuum		30		127				2		2						128

		Light Trap		51		87				2		5						51

		Rock Bag		24		106				3		2						106

		PONAR + Sweepnet		93		307				50		22						363

		Zone

		Windigo		44		193				12		10						200

		Siskiwit		38		169				15		4						196

		Todd Harbor/McCargoe		43		203				13		18						207

		Rock Harbor		39		216				21		10						237

		All Gears and Zones				344		--		61		28						410

		Table 2. Summary statistics by gear and zone.
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								HESTER DENDE		PONAR		VACUUM		SWEEPNET		LIGHTTRAP		ROCKBAG

						Bythotrephes longimanus		3		32		13		6		44		5

						Gammarus fasciatus								3

						Ripestes parasita		1		1								3

						total		24		105		30		18		52		24

								HESTER DENDE		PONAR		VACUUM		SWEEPNET		LIGHTTRAP		ROCKBAG

						Bythotrephes longimanus (spiny water flea)		12.5		30.4761904762		43.3333333333		33.3333333333		84.6153846154		20.8333333333

						Gammarus fasciatus (freshwater shrimp)		0		0		0		16.6666666667		0		0

						Ripestes parasita (oligochaete)		4.1666666667		0.9523809524		0		0		0		12.5
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