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Overview

* Gap Analysis of Federal Regulatory Authority

* How these results inform us about
understudied pathways and species of
concern

* Hitchhiking organisms in trade
* Climate Change



Prevention 2 High Priority

e Prevention - the
most effective
way to avoid
negative impacts
that NAS may
potentially
impose

THE INVASION CURVE Asset Based Protection
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Eradication

Prevention

Species Small number of localized
absent populations; eradication
possible

Introduction

Containment

Rapid increase in distribution
and abundance; eradication
unlikely

& Long-term Management

Invasive species widespread and abundant; Long-term
management aimed at population suppression and
asset protection

TIME >

CONTROL COSTS -




NAS arrive via multiple pathways of introduction

Aquaculture
Intentional Live Food Market

Escape/Release

Importation Aquarium/Pet Trade
Ornamental Plant Trade
Hitchhikers

Secondary Spread

* Natural Dispersion
* Hitchhiker

* Bait Release

Ballast Water

Hull/Biofouling

Prevention



The Basics of Federal Prevention

Effective authority Effecléc:]\:cz ::eeff: ;ar;c;ons,

Laws designhate Regulations: created Management of
regulatory authority and enforced by species and
to federal agencies agencies pathways
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New NAS introductions occur in the U.S. annually
> Indicates current prevention measures may be
Ineffective or non-existent
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* Comprehensively review federal authorities
among agencies



USGS The Nonindigenous Aquatic
Species (NAS) Database
science for a changing world

e Eighttaxonomic groups
chosen

e Added algae (info sourced
from NEMESIS)

e Excluded bryozoans,
coelenterates, and
mammals due to low
records




Step 1: Gather Case study species > 8 Taxonomic Groups, 18 species, 8 primary pathways
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Taxonomic Group
Algae
Amphibians
Reptiles
Crustaceans

Freshwater Fishes

Marine Fishes

Mollusks

Common Name
Caulerpa
Cuban Treefrog
Burmese Python
Bloody Red Shrimp

Siberian Prawn

Chinese Mitten Crab
Pacu
Arapaima

Cuchia
Round Goby
Black Carp

Northern Snakehead

Regal Demoiselle

Quagga/Zebra Mussels

Apple Snails

Crested Floating-heart

Water Chestnut

Scientific Name
Caulerpa taxifolia.
Osteopilus septentrionalis
Python bivittatus
Hemimysis anomala

Exopalaemon modestus
Eriocheir sinensis
Piaractus sp.
Arapaima sp.
Monopterus cuchia
Neogobius melanostomus
Mylopharyngodon piceus

Channa argus

Neopomacentrus cyanomos

Dreissena sp.

Pomacea cf.
canaliculata/maculata
Nymphoides cristata

Trapa bispinosa

Primary pathway
Aquarium/Pet Trades
Hitchhiker
Aquarium/Pet Trades

Ballast Water

Aquarium/Pet Trades
Aquaculture

Cultural/Prayer release
Ballast Water
Aquaculture

Aquaculture, Aquarium/Pet Trades

Biofouling

Ballast Water, Biofouling,
Hitchhiking

Aquarium/Pet Trades

Ornamental plant trade




Regulatory Authority

Step 2: Understand the current state of Federal
regulatory authority

Federal Law

Injurious species listing

The Lacey Act

Agricultural pests and diseases (protect
animals/plants), noxious weed listing, etc.

Animal Health Protection
Act, Plant Protection Act

Disease prevention

Regulation of discharges into U.S. waters, includes
ballast water, biofouling, and aquaculture facility
effluent

Public Health Service Act

Clean Water Act, Vessel
Incidental Discharge Act
(VIDA)

Ballast water and biofouling regulation

VIDA, National Invasive
Species Act, National
Aquatic Nuisance Species
Prevention and Control Act

Protection of marine resources

Multiple laws, National
Marine Sanctuaries Act

LS.
FISH & WILDLIFE
SERVICE




Understanding pathway-species connections

Importation
Hull/Biofouling Ballast Water Aquaculture Live Food Aquarium/Pet | Ornamental § Hitchhiker
Market Trade Plant Trade

Primary
. Cultural
Introduction release
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Secondary
Spread

Natural Spread

Bait Release

Hitchhiker



Connecting the dots: Pathway-species interactions

A The pathway falls under federal authority, but regulations are weak or absent
There is little to no federal regulation of the pathway

Species-specific regulation (does not cover full pathway)

Importation
Regulations are currently being updated
A
Hull/Biofouling Ballast Water Aquaculture Live Food Agquarium/Pet¥| Ornamental ¥f] Hitchhiker
/\ Market Trade Plant Trade

: Cultural
Primary I
/ release
Introduction
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Secondary
Spread

Natural Spread

Bait Release

Hitchhiker



Who has the authority to regulate?

A Under federal authority, but regulations are weak or absent. Species-specific regulation (does not cover full pathway).

There is little to no federal regulation of the pathway. Regulations are currently being updated.

Reliant on State
Regulation
Biofouling USCG, EPA, NOAA Regal Demoiselle, Dreissenid Mussels Yes/No
Bloody Red Shrimp, Siberian Prawn,
Ballast Water USCG, EPA, NOAA Round Goby, Chinese Mitten Crab, No
Dreissenid Mussels
USDA, USFWS, CDC, | Black Carp, Northern Snakehead,
EPA, NOAA Arapaima
Burmese Python, Pacu, Apple Snails,
Northern Snakehead, Caulerpa
Cuchia, Northern Snakehead,
Chinese Mitten Crab

Water Chestnut, Crested Floating-
heart

Pathway Federal Authority Case Study Species

A Aquaculture
Aquarium/Pet Trade USFWS, USDA, CDC

Live Food Market USDA, USFWS, CDC

Ornamental Plant Trade USDA

‘ Cultural Release USFWS Cuchia, Northern Snakehead
Hitchhikers USDA, USFWS Cuban Treefrog, Dreissenid Mussels




Applying quantitative data to the ga|Rr = ISICES

Plants: 105,993

Multiple pathways for most taxa

Number of records
10000 15000

Freshwater Fishes 160,502
Plants 105,993

Mollusks

Marine Fishes
Crustaceans
Amphibians
Coelenterates
Mammals
Reptiles
Platyhelmenthes
Annelids
Bryozoans el
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Percentage of species present in pathway

Aqguaculture B Ornamental Plant Trade M Stocked Planted
Hitchhiker M Shipping W Aguarium Pet Trade
m Ceremonial Release m Released/Escaped m Secondary Spread







Understudied Pathways: Hitchhiking Organisms




Understudied Pathways: Hitchhiking Organisms

* Hitchhikers: incidental transport,
stowaways, contaminant

>Arrive unintentionally via an
intentional vector (trade)

* Usually only regulated if the pose
significant agricultural (pests) or
infrastructure (Dreissenids) risk

 Reactive v.s. Proactive
management in most cases




Aquarium trade:
vector for invertebrate
hitchikers

* Very understudied, we don’t
know what is coming in

* Snails, amphipods, emergent
insects, worms, etc.

 Hitchhikers in trade: Current
project!

ZUSGS

science for a changing world




Increasing Complexity

Examining plants in trade for non-native hitchhikers

Order plants:
* T1:Dissect/inspect for HH
« T2:Place in grow out, see what

Italian Vallisneria  Java Fern emerges
~ - . * T3:photograph for morphology
-< 3 NI . .
. ;;';54; metrics > does structural complexity
e SR influence HH presence
‘ , :-4'3,‘;‘, ~Ji ;
Bacopa sp. Egeria densa Red Ludwigia
ey | :
ol & N AR “Mat” forming
species
Carolina Parrot
Fanwort Feather Moss Ball Java Moss
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Species of concern: climate change and
range expansion

ol s
Burmese Python Cuban Treefrog Giant Applesnail
(Python bivittatus) (Osteopilus septentrionalis) (Pomacea maculata)



Global Change Biology
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Powerful yet challenging: mechanistic niche models for predicting Human activities and climate Change

invasive species potential distribution under climate change
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Climate Change in Southeastern US

Annual Temperature

Vose, R.S., Easterling, D.R., Kunkel, K.E., LeGrande, A.N. and Wehner, M.F., 2017. Temperature changes in the United
States. Climate science special report: Fourth national climate assessment, 1(GSFC-E-DAA-TN49028).
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