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Objectives

I Assess importance of fish invasion vectors

I Explore relationship between invasions and
ecosystem characteristics

I Identify high-impact species
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Nonnative Fish Distributions
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Aquatic Species Database
I 73 nonnative fish species
I Largemouth bass (1850s)
I Common carp (1870s)
|

I Bluegill, smallmouth bass, rock bass, brown trout
are also widely distributed
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Fish Invasion Vectors

A Rationale:

I Vectors involve different species and require
unigue prevention efforts

I Dominant vectors vary with time and taxa

A Objectives:
I Assess threats posed by each vector

I Evaluate regulatory frameworks in relation to
these vectors



Grouping Vectors

> 15 pathways listed in NASD

Four groups:
A Intentional introductions
I For sport, forage, biocontrol, food
A Economic activities
I aquarium, aquaculture, ballast water, live food
A Bait release

A Other Vectors
I Canals, illegal introductions



Number of Establishments

Comparing Importance among vectors
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A Estimated probability of establishment,
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A Evaluated temporal trends
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Regulations

pared dirty lists among states
npared bait regulations (anglers and

ors/collectors) among states

A Evaluated effectiveness for other vectors
| e.g., private stocking, aquaculture, etc.



Dirty Lists

A Snakeheads and grass carp always listed, other
Asian carp usually listed

A Inconsistent: 8 species listed by only one state

A NC also has a clean list (17 species, 8 are
exotic)

A NY is evaluating a long list of species




Private Stocking
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shall be unlawful for any person to stock any species of fish
Into the nontidal public waters of this State without the
written permission of the Director. This regulation does not
LINP KAOAU OGKS ag201Ay3 2F LI
2010). Immediately below this caption is a description of
the four dirty-listed species whose possession is prohibited
without written permission.



Private Stocking
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shall be unlawful for any person to stock any species of fish

Into the nontidal public waters of this State without the

written permission of the Director. This regulation does not
LINE KAOAUG UKS au20°[)\y5| 2 T 4P
2010). Immediately below this caption is a description of

the four dirty-listed species whose possession is prohibited
without written permission.

A Suggests that any species but these four can be stocked
Into private impoundments



Bait Release

A Decreasing risks:

I New York developed detailed regulations and
outreach materials

A Increasing or ongoing risks:
iwSt SIFAaS AayQi ol yySR A
I Propagule pressure is high
I Species match environment
I Changes are likely to be opposed



Summary

A Highest risks: Bait releases, private stocking,
llegal introductions, and economic activities.

A Solutions:

I Immediate: outreach, banning live release, dirty
lists

I More stringent options:
ABanning live bait

APolluter pays (white lists)
AStronger penalties and greater enforcement
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Ecosystem Invasibility

A Generally described by the number of
nonnative species (NNSR)

A Found to be primarily regulated by human
activity

A Analyses can identify ecosystems susceptible
to invasion



Ecosystem Characteristics

A Land cover

A Habitat availability

A Climate

A Physical characteristics
A Human activity

A Native species richness

T Colonization Pressure
I Research effort



Nonnative
Species
Richness




Range In Elevation

A Montane ecosystems were more invasible
I Higher habitat heterogeneity
I Enhanced by anthropogenic disturbance

A Coastal plain watersheds may be resistant to
Invasion

I Harsh environmental conditions (warm, turbid,
low pH)



Species ldentity and Invasibility

A Two ecosystems with equal NNSR could host
very different nonnative communities

A Prevention can be improved by focusing on
species most likely to invade a given
ecosystem
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A Smallmouth Bass
Community
T rock bass
T brown trout

Nonnative .
I  banded darter

Community Type

I B/ack Crappie
- Smallmouth Bass

|: Largemouth Bass
E White Crappie

7 Excluded

A Largemouth Bass Community
I bluegill
I channel catfish
I bluntnose minnow
I warmouth
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Variable Importance
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Implications

A Species likely to invade depend on the
characteristics of a particular location
I even among relatively similar ecosystems within a
region.

A Predictions for new invaders should differ
within the region.



Objectives

T Assess fish invasion vectors

I Explore relationship between invasions and
ecosystem characteristics

I Identify high-impact species



Impact

ACKS WFAYILIETQ aagl3s 27
I Often the least studied, most debated
I All nonnative species have some impact
I No clear criteria for rating impact

I Different types of impacts
AEcological vs. Socioeconomic



Comparing Approaches

A | rated the impact of nonnative fishes using
five different approaches:

I 1) Reviewed documented impacts in NASD

I Surveyed experts regarding the:
A2) Socioeconomic impacts
A 3) Ecological impacts
A4) Relative abundance

I 5) Estimated relative abundance using collection
records



Results

A Ratings differed considerably among
approaches
I NASD listed species that probably had low impact
| Socioeconomic impacts were low for many game
fish
I Several abundant species were given low ratings
by other approaches



Rank  Socioeconomic Ecological Abundance Collection

1 snakehead blue catfish bluegill bluegill

2 common carp common carp common carp largemouth bass

3 flathead catfish flathead catfish largemouth bass  brown trout

4 blue catfish snakehead gizzard shad green sunfish

5 gizzard shad brown trout rock bass smallmouth bass

6 alewife red shiner channel catfish greenside darter

7 green sunfish largemouth bass smallmouth bass  rock bass

8 goldfish gizzard shad bull chub fourspine stickleback

9 blue tilapia green sunfish golden redhorse  banded darter

10 redbelly tilapia blue tilapia greenside darter  striped bass
Review Dblue tilapia gquppy rainbow trout rock bass

brown trout

eastern mosquitofish

flathead catfish

nreean <tinfich

largemouth bass
muskellunge

northern pike

rainhnmwa/ ecmalt

red shiner
redbelly tilapia

redear sunfish

smallmouth bass
striped bass

walleye



Use of Impact Ratings

Socio- # of States
economic Restricting use of  Other high-impact
Rank Species species ratings
1 snakehead / 1
2 common carp 0 2
3 flathead catfish 2 2
4 blue catfish 1 1
5 gizzard shad 0 1
6 alewife 0 0
7 green sunfish 0 3
8 goldfish 2 0
9 blue tilapia 3 2
10 redbelly tilapia 3 1



35 Correlates of
3 :
5 LA Impact
= 7
e . Almpact
S 1 iIncreased
05 with spread
0 3
0 20 40 60 I Was not
Spread (Numbeof HUC8s wherestablished’ strongly
1 - correlated
with species
“ 0.8 1 O Unexplained traits P
- Q
S g 0.6 - W Shared
%;a 04 - B VIRT
E 07 | O Spread
0




Original Objectives vs. Final Products

A Objectives:
I Analyze traits and characteristics associated with fish invasions
I Estimate risk of invasions for individual species



Original Objectives vs. Final Products

A Objectives:
I Analyze traits and characteristics associated with fish invasions
I Estimate risk of invasions for individual species

A Products:
I Analysis of ecosystem characteristics associated with fish invasions
I Predictions of invasibility by nonnative community

I Vector-based assessment of historical trends, species by vector,
regulations and high-risk vectors.

I Estimated impact by species
I Assessed factors associated with impact



Original Objectives vs. Final Products

A Obijectives:
I Analyze traits and characteristics associated with fish invasions
I Estimate risk of invasions for individual species

A Products:
I Analysis of ecosystem characteristics associated with fish invasions
I Predictions of invasibility by nonnative community

I Vector-based assessment of historical trends, species by vector,
regulations and high-risk vectors.

I Estimated impact by species
I Assessed factors associated with impact

A Outreach:
I Dissertation (complete)
I 5 peer-reviewed publications (two submitted)
i o LINBaASYyilluA2ya o0AyOfdzRAY3I (2RI &



Live Bait Vector Research Priorities

-Inventory and conduct gap and inconsistency analyses
2F a0l d0S NX3IdzA FadA2ya Ay 0



Live Bait Vector Research Priorities

-Inventory and conduct gap and inconsistency analyses
2F a0l d0S NX3IdzA FadA2ya Ay 0

-Determine species that have caused ecological

problems and those with potential to do so
-ldentified high-impact bait releases (red shiner, bull chub,
fourspine stickleback)



Live Bait Vector Research Priorities

-Inventory and conduct gap and inconsistency analyses
2F a0l d0S NX3IdzA FadA2ya Ay 0

-Determine species that have caused ecological

problems and those with potential to do so
-ldentified high-impact bait releases (red shiner, bull chub,
fourspine stickleback)

-Clean Lists: Use species already established/identify

native alternatives
-Only 13 of 63 native cyprinids in VA have been transplanted



Live Bait Vector Research Priorities

-Inventory and conduct gap and inconsistency analyses
2F a0l d0S NX3IdzA FadA2ya Ay 0

-Determine species that have caused ecological

problems and those with potential to do so
-ldentified high-impact bait releases (red shiner, bull chub,
fourspine stickleback)

-Clean Lists: Use species already established/identify

native alternatives
-Only 13 of 63 native cyprinids in VA have been transplanted
-Golden shiner, spottail shiner, swallowtail shiner, margined
madtom native to 80-90% of HUCS:s.
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NY PA- WV DE MD® VA NC
Vendors
License required to sell bait? Yes 4 Yes# “Yes 9¥NO ~ Yes Yes Yes
License required to collect bait for resale? Yes Yes Yes Yest Yes No Yes
State keeps records of vendor licenses? Yes Yes NR No Yes Yes No
Can bait be imported from out of state? Yes? VYes? Yes Yes No Yes Yes
Anglers
s it illegal to dump unused bait? Yes Yes® Yes No Yes No No
Is within-state transport of bait restricted? Yes No No No No No No
Maximum abundance for personal use* NL 50 50 NL 50 50 200



