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Objectives
ïAssess importance of fish invasion vectors

ïExplore relationship between invasions and 
ecosystem characteristics

ïIdentify high-impact species



Edwards et. al Ichthyogeographic Regions



Nonnative Fish Distributions

ÅhōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ¦{D{Ωǎ bƻƴƛƴŘƛƎŜƴƻǳǎ 
Aquatic Species Database

ï73 nonnative fish species

ïLargemouth bass (1850s)

ïCommon carp (1870s)

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

ÅRationale:
ïVectors involve different species and require 

unique prevention efforts

ïDominant vectors vary with time and taxa

ÅObjectives:
ïAssess threats posed by each vector

ïEvaluate regulatory frameworks in relation to 
these vectors



Grouping Vectors

> 15 pathways listed in NASD

Four groups:
ÅIntentional introductions
ïFor sport, forage, biocontrol, food

ÅEconomic activities
ïaquarium, aquaculture, ballast water, live food

ÅBait release
ÅOther Vectors
ïCanals, illegal introductions



Comparing importance among vectors
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Bait Release

Miscellaneous

Stocked

ÅEstimated probability of establishment, 
detectability

ÅEvaluated temporal trends



Regulations

ÅCompared dirty lists among states

ÅCompared bait regulations (anglers and 
vendors/collectors) among states

ÅEvaluated effectiveness for other vectors

ïe.g., private stocking, aquaculture, etc.



Dirty Lists

ÅSnakeheads and grass carp always listed, other 
Asian carp usually listed

ÅInconsistent: 8 species listed by only one state

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

ÅNY is evaluating a long list of species



Private Stocking

Å¢ƘŜ нлмл 5ŜƭŀǿŀǊŜ ŦƛǎƘƛƴƎ ƎǳƛŘŜ ŘŜǎŎǊƛōŜǎ άCƛǎƘ {ǘƻŎƪƛƴƎ 
tǊŀŎǘƛŎŜǎέ ǳƴŘŜǊ ŀ ǎŜŎǘƛƻƴ ŀŘŘǊŜǎǎƛƴƎ ƎŜƴŜǊŀƭ ƴƻƴ-tidal 
ŦƛǎƘƛƴƎ ǊŜƎǳƭŀǘƛƻƴǎ ό5bw9/ нлмлύΦ  ¢ƘŜ ǇŀǎǎŀƎŜ ǊŜŀŘǎ άLǘ 
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 
ǇǊƻƘƛōƛǘ ǘƘŜ ǎǘƻŎƪƛƴƎ ƻŦ ǇǊƛǾŀǘŜ ƛƳǇƻǳƴŘƳŜƴǘǎέ ό5bw9/ 
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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ŦƛǎƘƛƴƎ ǊŜƎǳƭŀǘƛƻƴǎ ό5bw9/ нлмлύΦ  ¢ƘŜ ǇŀǎǎŀƎŜ ǊŜŀŘǎ άLǘ 
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 
ǇǊƻƘƛōƛǘ ǘƘŜ ǎǘƻŎƪƛƴƎ ƻŦ ǇǊƛǾŀǘŜ ƛƳǇƻǳƴŘƳŜƴǘǎέ ό5bw9/ 
2010).  Immediately below this caption is a description of 
the four dirty-listed species whose possession is prohibited 
without written permission.

ÅSuggests that any species but these four can be stocked 
into private impoundments



Bait Release

ÅDecreasing risks:

ïNew York developed detailed regulations and 
outreach materials

ÅIncreasing or ongoing risks:

ïwŜƭŜŀǎŜ ƛǎƴΩǘ ōŀƴƴŜŘ ƛƴ ŀƭƭ ǎǘŀǘŜǎ

ïPropagule pressure is high

ïSpecies match environment

ïChanges are likely to be opposed



Summary

ÅHighest risks: Bait releases, private stocking, 
illegal introductions, and economic activities.

ÅSolutions:

ïImmediate: outreach, banning live release, dirty 
lists

ïMore stringent options:

ÅBanning live bait

ÅPolluter pays (white lists)

ÅStronger penalties and greater enforcement



Objectives

ïAssess fish invasion vectors

ïExplorerelationship between invasions and 
ecosystem characteristics

ïIdentify high-impact species



Ecosystem Invasibility

ÅGenerally described by the number of 
nonnative species (NNSR)

ÅFound to be primarily regulated by human 
activity

ÅAnalyses can identify ecosystems susceptible 
to invasion



Ecosystem Characteristics

ÅLand cover

ÅHabitat availability

ÅClimate

ÅPhysical characteristics

ÅHuman activity

ÅNative species richness

ïColonization Pressure

ïResearch effort



Nonnative 
Species 

Richness 
(NNSR)

by
HUC8



Range in Elevation

ÅMontane ecosystems were more invasible

ïHigher habitat heterogeneity

ïEnhanced by anthropogenic disturbance

ÅCoastal plain watersheds may be resistant to 
invasion

ïHarsh environmental conditions (warm, turbid, 
low pH)



Species Identity and Invasibility

ÅTwo ecosystems with equal NNSR could host 
very different nonnative communities

ÅPrevention can be improved by focusing on 
species most likely to invade a given 
ecosystem



Grouping Ecosystems

Å Largemouth Bass Community

ïbluegill

ï channel catfish

ïbluntnose minnow

ïwarmouth

Å Smallmouth Bass

Community

ï rock bass

ïbrown trout

ïbanded darter



Variable Importance

Temperature
AltitudeRange
PropWetland
Precipitation
PropAgricult

PropForest
LargeStream

PropReservoir
Population

PropDevelop
Dams

SmallStream
HUCArea
PropLake

ArtifStream

-0.05 0.00 0.05 0.10 0.15 0.20

Decrease in Accuracy



Random
Forest

Analysis 
Results



Implications

ÅSpecies likely to invade depend on the 
characteristics of a particular location

ïeven among relatively similar ecosystems within a 
region.

ÅPredictions for new invaders should differ 
within the region.
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Impact

Å¢ƘŜ ΨŦƛƴŀƭΩ ǎǘŀƎŜ ƻŦ ǘƘŜ ƛƴǾŀǎƛƻƴ ǇǊƻŎŜǎǎ

ïOften the least studied, most debated

ïAll nonnative species have some impact

ïNo clear criteria for rating impact

ïDifferent types of impacts

ÅEcological vs. Socioeconomic



Comparing Approaches

ÅI rated the impact of nonnative fishes using 
five different approaches:

ï1) Reviewed documented impacts in NASD

ïSurveyed experts regarding the:

Å2) Socioeconomic impacts

Å3) Ecological impacts

Å4) Relative abundance

ï5) Estimated relative abundance using collection 
records



Results

ÅRatings differed considerably among 
approaches

ïNASD listed species that probably had low impact

ïSocioeconomic impacts were low for many game 
fish

ïSeveral 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 blue tilapia guppy rainbow trout rock bass

brown trout largemouth bass red shiner smallmouth bass

eastern mosquitofish muskellunge redbelly tilapia striped bass

flathead catfish northern pike redear sunfish walleye

green sunfish rainbow smelt



Use of Impact Ratings
Socio-

economic
Rank Species

# of States
Restricting use of 

species
Other high-impact 

ratings

1 snakehead 7 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



Correlates of 
Impact
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ÅImpact 
increased 
with spread

ïWas not 
strongly 
correlated 
with species 
traits
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Original Objectives vs. Final Products

Å Objectives:
ïAnalyze traits and characteristics associated with fish invasions
ïEstimate risk of invasions for individual species

Å Products:
ïAnalysis of ecosystem characteristics associated with fish invasions
ïPredictions of invasibility by nonnative community
ïVector-based assessment of historical trends, species by vector, 

regulations and high-risk vectors.
ïEstimated impact by species
ïAssessed factors associated with impact

Å Outreach:
ïDissertation (complete)
ï5 peer-reviewed publications (two submitted)
ïо ǇǊŜǎŜƴǘŀǘƛƻƴǎ όƛƴŎƭǳŘƛƴƎ ǘƻŘŀȅΩǎύ



Live Bait Vector Research Priorities

-Inventory and conduct gap and inconsistency analyses 
ƻŦ ǎǘŀǘŜ ǊŜƎǳƭŀǘƛƻƴǎ ƛƴ ǘƘŜ aƛŘπ!ǘƭŀƴǘƛŎ
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Live Bait Vector Research Priorities

-Inventory and conduct gap and inconsistency analyses 
ƻŦ ǎǘŀǘŜ ǊŜƎǳƭŀǘƛƻƴǎ ƛƴ ǘƘŜ aƛŘπ!ǘƭŀƴǘƛŎ

-Determine species that have caused ecological 
problems and those with potential to do so

-Identified 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 HUC8s.
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NY PA WV DE MD6 VA NC

Vendors

License required to sell bait? Yes Yes Yes No Yes Yes Yes

License required to collect bait for resale? Yes Yes Yes Yes1 Yes No Yes

State keeps records of vendor licenses? Yes Yes NR No Yes Yes No

Can bait be imported from out of state? Yes2 Yes2 Yes Yes No Yes Yes

Anglers

Is it illegal to dump unused bait? Yes Yes3 Yes No Yes No No

Is within-state transport of bait restricted? Yes No No No No No No

Maximum abundance for personal use4 NL 50 50 NL 50 50 200


