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Staiernent of Task
1.

Evaluate the state of the science of various approaches that assess
the risk of establishment of aguatic nonindigenous species given
certain concentrations of living organisms in ballast water
discharges.

° What are the advantages and disadvantages of the available approaches?

® Identify and discuss the merits and practical utility of other additional
approaches of which the National Academy of Sciences is aware.

® How can the various approaches be combined or synthesized to form a model
or otherwise more powerful approach?

o What are the data gaps or other shortcomings of the various approaches and
how can they be addressed within the near and long term?

® Can a “natural invasion rate” (invasion rates based on historic invasion rates),
or other “natural” baselines, be reliably established, and if so, how? What utility
might such baselines have in informing EPA’'s derivation of allowable numeric
limits for living organisms in ballast water discharges? Can such baselines be
established on a national basis, or would this need to be done on a regional or

ecosystem basis?
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Recommend how these approaches can be used by regulatory
agencies to best inform risk management decisions on the
allowable concentrations of living organisms in discharged
ballast water in order to safeguard against the establishment of
new aquatic NIS and to protect and preserve existing indigenous
populations of fish, shellfish, and wildlife and other beneficial
uses of the nation’s waters.

Evaluate the risk of successful establishment of new aquatic

NIS associated with a variety of ballast water discharge limits
that have been used or suggested by the international community
and/or domestic regulatory agencies.



Not the Committee’s Tasks:

® Assess ballast water treatment technologies

® Recommend specific numeric standards
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Ballast Water racis
< Over 90,000 arrivals per year in U.3. coasial watars

About nalf of arrivals are frorn ovarseas, hali are coasial
significant variation in the volurng of ballast discharged aind
the nurnber of arrivals per port

Ballast water can contain almost anything < 30 cm
Densities of different organism types range frorn 103 tg 109

individuals oer liter

Ballast Water Exchange (BWE) and salt water ilushing
' i c2 0 g.misrn r*oncen.ra lon 2nd change the
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No naw invasions detactad in the Great Lakas or
rrancisco say betwaen 2006 and 2010
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< NANPCA, NISA (USCG administerad)

taite Variations
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o | lrmz_.!uon:; of the Current Prograrns
< Gaps in coverage (2.9., transocaanic vs. coastal routes)
< Currently no inspaction program for the VGP
< Alaska (oil tankers) variously covered
< Statutory examplions in Doin programs
< Considerable variation dug to staie ceriification and
othier requirameanis
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< Thea statutes that guide the d USCG ragulatory
Orograms appear o r)rowde the SS32N itial considerations
.md scope nzadad to davealop scientifically based numeric
andards
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< Boin 2PA and USCG programs autnoriza rigorous
enforcement of reporiing and implernaniaiion actions,
which will facilitate data gaihering on organisrn density
and divarsity

o USCG regulations will require equioping ships with
sarmpling ports

_‘.

< ruture regulaitions assurng there is 2 quainiifiab
relationship batwaen organism density in ballast water
and invasion risk
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ources of Variation Influencing tne
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Sources of Variation Influencing the
Probability of Invasion (Chapter 3)

2 ldeniity, Diversity, Source aned rlistory of Propaqules

2 Inoculurn Abundzance (), Density (ID), and Frae |.1-'4r|r*y (1D/vessels/iime)

2 Prooaqule Quality: Viaoility and/or Reoroduciive Capapility
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Biological Interactions wiir Resident Spacies (natve arnd nonindigenous)
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Sources of Variation Influencing the
Probability of Invasion (Chapter 3)

2 ldeniity, Diversity, Source and rlistory of Propaqgules
2 Inoculurm Abuncdzance (N), Density (1D), and Frequencey (ID/vessels/ime)
2 Propagule Quality: Viaoility arnd/or Reproduciive Capzpilin
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=nvironmeantal Vatenine

=nvironmeantaf Trajts:

2 rlabitat Landscape: napitai fragrnzriaton or conrgciivity

2 Retention of Propagules in rlabitable =nvironrrnert

2 Biological Interactions witn Resident Species (native and nonindigenous)
2 Disturbances Regimeas
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est Case Scenario for an Invasic
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High-quality propagules

rReleased in a retentive environment that closely maiches
that of the species’ origin

Inocula with high genetic variability

Being physiologically plastic and having trophic breadth

Life history characteristics such as direct develooment,

asexual reproduction, and/or the ability to form resting stages

efficient dispersal capabilities combinad with habitat connegctivity

Absence of pradators, parasites, and competitors
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Best Case Scenario for an Invasion
° rligh-quality propagules
’ rReleased in a retentive environment that clesely maitches
that of the species’ origin
’ Inocula with high genetic variability
’ Being physiologically plastic and having trophic breadtn
. Life history characteristics such as direct development,

asaxual reproduction, and/or the ability to form rasting stages
nt JISp-—‘rqd| capabilities combinad with habitat connactivity
. Absznce of predators, parasites, and competitors
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Chapter 3 Conclusion:

Whil2 inoculum dansity is 2 k2y componant, it is but ona of scoras of
variables that can and do influznca invasion ouicomea. Any maihod
that attampis (o pradict invasion ouicomeas basad upon only one
facior of the invasion procass is likely (o suifzr from 2 high [2va] of
uncartainty.



® Models ranging from descriptive (simple empirical

regressions) to mechanistic (probabilistic and dynamic
demographic)

® Single-species and multiple species models

® Models considered, among many others:
* Population Viability Analysis (PVA)
* Reaction/Diffusion (R/D) models
* risk-release portion of Natural Invasion Rates (NIR)

» Per Capita Invasion Probabilities (PCIP)
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For both invasion risk and organism density in ballast, the
existing data (historical invasion records, recent ballast surveys)
are substantially mismatched in time and patchy in time, space,
and taxonomic resolution. Statistical modeling has been applied
to these data, but the data are not sufficient to characterize a
biologically meaningful relationship.

The analyses that do exist have attempted to use proxy
variables; for example, several studies have used the number of
ship arrivals as a proxy for organism density. However, even if a
relationship is found between vessel arrivals and invasions, this
relationship may be spurious and not causal.



Chapter 4 Conclusions

shorter term: mechanistic single-spacies r
recommended for best-case-scenario :;pec es

2 for an invasion: fast growth, varthenogeneaitic or other

reproductive abilities, lecithotrophic [arsae

Longer tzrr: 22 robust statistical model o

relationship is recomrmendead
than 2 nationwids scale

more fruitful at a [ocal scale
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There is no avidence that any proxy variable used thu
l2 stand-in for szjdrll.;rrl density
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Ballast Water Discnarge Standard
+ ~ r ~\ ,,-_.

(Chapter 9)
< £xpert Qoinion-vbased Aporoaches

< MO

v Zaro-datactaple discharge standard
< Natural Invasion Raies

< While 2ach of these approachaes nas some merits, e2ach
IS cornprormisad by assurnptions, daia lirnitations, or
oparationzal difficultiz2s

< 2xpert opinion can provide a standard as 2 benchrmark
( ling) for managament, wnile scientific models can be
usad to quantitativaly derive standards



The Path Forward (Chapter 6)

Available methods for determining 2 nurneric standard for
ballast watzr discharge are lirnited by 2 profound [aci of data
and informatjon to develop and validatz rmodels of the risk—
relaase ralationship.

Yatitis clear that significanily reducing 1D will reduce the
oropavility of invasions, when controlling for all other variables.

As 21 first step, 2 benchrnark discharge standard should be
astablishad that clearly reduces concenirations of coastal
organisms vbelow levels resuliing from 8We (such as IVIO D-2).

rollowing the satiting of an initial benchmark, 2 risk—rzlease
model or models should be selzctad as the foundation for the
daia gaihering 2and analysis eifort,

l



The Path Ferward

A two-track approach (experimentaliand field) should be pursued to obtain
data. Research should bercoordinated and focused to assure that-key aspects
are addressed, especially,if multiple’'research groups and locatians are
Involved.

Exp-ériments:

- Large-scale mesocosms

 Diverse raﬁ'g_e of taxavand d;ifferent types-of-environments
 Focus on a best-case-for-invasion scenario

» Should deliver rééults over the next three to five years

- Could base;an interim ballastwater discharge standard on experimental
results

» Would also‘have direct application:to other vectors



The Pain Forwarc
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» There is no program in place to detaect new invasions acress sites

» Ship-based vallast sampling just baginning

» Data should be collectad and analyzed to parameterize the models and
orovide real-world validation of experimeantal data

(T.‘

» Selactad sentinzl 2stuarries (San Francisco 82y, Chesapaake, Tampa)

2

» Study dasign is critical

J

» Rasults could be expactad in about 10 yaars
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