United States

Environmental Protection
Agency

Office of Research
& Development

National Health &
Environmental Effects
Research Laboratory

In This Issue:

1) Emerging Technologies

2) Estuarine Ecosystem
Services

3) Non-navigable Streams

& Wetlands
4) Monitoring for Aquatic
Resource Assessment
5) Willamette Ecosystem
Services Project

6) Carbon Offset Forestry:

COFFEE

above: Pollen Confine-
ment Chambers are one of
the tools used for gene
flow studies at Western
Ecology Division (WED)

Corvallis, Oregon

NHEERL

Fall 2011

- Western Ecology Division -

Research Update

1) EMERGING TECHNOLOGIES

Emerging technologies
research addresses
EPA’s need to under-
stand and predict the eco-
logical effects (direct or
indirect) of genetically
modified crops, pesti-
cides, nanomaterials, and
new technologies on ter-
restrial ecosystems.
These effects must be
known so that EPA’s Of-
fice of Pesticides Pro-
grams and Office of Pol-

lution Prevention & Toxic
Substances can protect
public health and the en-
vironment from potential
risk of pesticides and
toxic chemicals. We are
developing new tech-
niques, population models
and spatial analysis tools
to assess these risks, not
only on individual plants
and animals, but on the
plant-soil communities on
which they depend.

The project will develop
techniques to assess po-
tential effects of:

a) the transfer of genes
from genetically modified
plants to compatible
weedy, crop, and native
plants (“gene flow”)

b) nanomaterials on
plants and soil organisms
c) herbicide drift on
native plants and non-
target crops

d) agricultural pesticides

on wildlife populations

a) Gene Flow

Methods developed at Western Ecology Division pro-
vided the first documentation in the U.S. of long-
distance gene flow and establishment of genetically
modified (GM) crop/wild hybrids of creeping bentgrass
in non-agronomic environments.

New gene flow research focuses on developing methods
for measuring and predicting the environmental conse-
quences of gene flow. Molecular markers are

being developed that can identify GM crop/wild hy-
brids and measure changes that occur in wild popula-
tions containing GM plants.

A GIS-based framework is being used to quantify the
abundance and distribution of GM and wild compati-
ble plant populations, and approaches to assessing
the risks of pesticide spray drift on managed and
natural ecosystems.

b) Nanomaterials

As of June 2007, there were over 500 products contain-
ing engineered nanoparticles already on the market,
including clothing, cosmetics, medicines and machines.
Yet there is little information on the environmental
effects of nanomaterials. Western Ecology Division’s
research will establish a framework for the EPA to be-
gin assessing the effects of various engineered particles
on terrestrial ecosystems.

The research is organized into three linked phases:
—Phase one: examines the traditional chemical testing
protocols to determine whether such tests are adequate
to assess the toxicity of nanoparticles.

—Phase two: uses toxicity results to explore the activ-
ity of studied nanoparticles.

—Phase three: examines the degree to which nanoparti-
cles released into reconstructed ecosystems represent a
risk to ecosystem structure or function.



American agriculture depends on
chemical herbicides to control
“weeds”. However, drift of her-
bicides can cause injury to non-

target crops, and native plant com-
munities and their associated wild-

life, especially threatened and
endangered species.

The goal of WED’s herbicide re-
search is to develop ways to deter-
mine how chemical herbicides
affect non-target plants. Research
focuses on the effects of herbi-
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The HexSim Model predicts wildlife

populations over a landscape with
pesticide stress
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c¢) Herbicide Drift

cides on plant community struc-
ture and function, especially in
terms of plant reproduction and
subsequent ecological fitness.

Our target system is a recon-
structed Willamette Valley prai-
rie. We will also further develop
a spatial analysis tool, WED-
Pest, as a GIS platform for iden-
tifying plant species and other
resources at risk from pesticide
usage in the U.S.

d) Wildlife Modeling

The EPA needs efficient methods
to regulate the thousands of
chemicals which may alter the
habitats of terrestrial wildlife.

The HexSim modeling effort de-
veloped at Western Ecology Divi-
sion will generate tools and data-
bases to assess the effects of these

chemicals on wildlife populations.

We are developing an enhanced
version of the HexSim wildlife
population simulator, with its

Studies will help determine effects of
herbicide drift on native plants such
as Clarkia amoena ‘farewell to spring’

ability to assess pesticide risk in real
or hypothetical agroecosystems
through case studies.

These studies will capture effects of
actual patterns of habitat structure,
human activity, and other stressors on
wildlife population size and distribu-
tion, and also will provide an analysis
of habitat attributes that are key driv-
ers in wildlife population perform-
ance.

Global Climate Change Research at WED

WED has been conducting cli-

mate change research for two
decades. Past research has re-
sulted in major contributions to
our understanding of how global
climate change may affect agri-
culture and forests, and the role

forests play in carbon sequestra-
tion.

Current research addresses the
potential effects on water quality,
ecosystem services, and estua-
rine ecosystems. Contributing to

the development of greenhouse
gas mitigation strategies, re-
search is evaluating the environ-

mental consequences of carbon

offset forestry.

Current projects include: Streamflow
Vulnerability Analysis (Dr. Jim
Wigington); Vulnerability of Pacific
Coast estuarine ecosystems and popu-
lation viability of key Pacific Coast
estuarine species to global climate
change (Dr. Henry Lee I1); Ecologi-
cal implications of carbon offset for-
estry: water quality and ecosystem
services (Dr. Paul Rygiewicz); and
Northwest Climate Change Collabora-
tion, a regional forum that focuses the
efforts of the Federal community in
addressing climate change in the Pa-
cific Northwest (Dr. Peter Beedlow).

For more information contact
Dr. Peter Beedlow (541-754-4634)



2) ESTUARINE ECOSYSTEM SERVICES °

The ecologic, economic, and
cultural values of estuarine eco-
systems are not well understood
by the public. However, tidal
wetland habitats are critically
important due to their high biodi-
versity, productivity, importance
to threatened or endangered spe-
cies, and other contributions to
human well-being.

Estuarine Ecosystem Services
research is developing the tools
for estimating the effects of habi-
tat alteration on estuarine ecosys-
tem services associated with tidal
wetlands of the Pacific North-
west.

Human activities within an estu-
ary (shipping, recreation, aqua-
culture), or nearby (urbanization,
agriculture, logging), may alter

estuarine habitats either directly, or
indirectly through such problems as
excessive nutrients or introduction of
invasive, non-native species. Global
climate change may also bring many
changes to coastal systems. As tidal
wetland habitats are altered by human
actions, so will the sum of the ecosys-
tem services provided by these sys-
tems.

The primary products of the re-
search will be GIS-based tools
capable of estimating the value of
ecosystem services provided by
different combinations of habitat
types, habitat conditions, and habi-
tat area coverage in PNW estuaries,
at scales from single system to the
entire Pacific coast.

Research will focus on highly val-
ued services such as healthy fish,
shellfish, and wildlife populations,
and will evaluate the likely changes
in terms of these and other ecosys-
tems services resulting from im-
pacts of current and future altera-
tions of tidal wetland habitats.

left: satellite map has overlays
showing density of fish, crab and
shrimp populations in Yaquina Bay,
Newport, Oregon

3) NON-NAVIGABLE STREAMS & WETLANDS

In 2006, the US Supreme Court
addressed jurisdiction of non-
navigable waters and adjacent
wetlands (NSW) under the Clean
Water Act (CWA). The Rapanos
decision resulted in two criteria
for determining CWA jurisdic-
tion of NSWs: their hydrological
permanence and whether they
have a “significant nexus”
(contribute to the functional in-
tegrity of navigable waters).

In 2008, scientists from EPA’s
Western Ecology Division
(WED) and colleagues published
a paper proposing an approach
for examining some of the scien-
tific issues raised by the Rapanos
decision. WED’s NSW Project is
using this approach to develop
information and methods that
could help assess hydrologic per-

manence and significant nexus.

~-Estuarine Ecosystem Services--
contact: Dr. Walt Nelson (541-754-4041)

The research includes:

e Field testing of the Oregon Stream-

flow Duration Assessment Method,

which assesses over 20 environmental

factors in the field to distinguish be-
tween ephemeral, intermittent and

perennial streams. In partnership with

EPA’s Region 10, the NSW Project is
conducting a two-year study to test
and improve the method at over 170
sites across Oregon.

e Development of a map of Hydro-
logic Landscape Regions (HLRs) for
Oregon that will help classify the ef-

fects of NSWs on navigable waters. A
classification system will provide con-

text for considering the aggregate
function of NSWs.

e Other components of the Project
examine the connectivity, or
“significant nexus,” of NSWs with re-

spect to fish habitat, nitrogen removal,

and water source.

Such information should help
EPA staff identify waters sub-
ject to CWA regulatory jurisdic-
tion in light of the Rapanos deci-
sion, and could inform future
policies and legislation.

above: Project member Joe Eber-
sole investigates NSW contribu-
tions to critical cold water habi-
tats for native fish in Oregon's
Upper Grande Ronde River.

--Non Navigable Streams & Wetlands--
contact: Dr. Parker Wigington (541-754-4341)



4) MONITORING FOR AQUATIC RESOURCE ASSESSMENT 4

The Methods for Aquatic Resource
Assessment (MARA) project con-
sists of three main activities in as-
sessing the conditions of the na-
tion’s waters:

1) MARA will provide scientific
support for EPA Office of Water
and the enforcement of the Clean
Water Act. EPA will utilize some of
the tools developed at the Western
Ecology Division as they seek to
improve the availability and useful-
ness of water quality monitoring
information. The monitoring pro-
gram will include lakes, rivers,
streams, coastal areas and wetlands.
2) MARA will develop models for
predicting the conditions of rivers
and streams at unsampled locations.
“Spatially explicit estimation” uses
verifiable data to develop models
that can then be applied to areas
where no sampling has occurred.

WED has already developed a simple
model of this type to predict the
probability of high phosphorus con-
centrations in Western streams.

below: team carries equipment into
otherwise inaccessible areas to col-
lect samples of macroinvertebrates,
bacteria and chlorophyll. Samples
will be transported back to civiliza-
tion in coolers.

3) The services we receive from
ecosystems include clean air, clean
water, productive soils, and food
sources, and MARA will develop
indicators of these ecosystem ser-
vices, the next generation of assess-
ment endpoints.

There is a need to identify, quantify
and understand ecosystem services
so that environmental decisionmak-
ers can evaluate the trade-offs to
sustainability and human health
with their use. MARA will focus
on developing ways to assess the
ability of ecosystems to continue
providing these services.

This research will produce new
ways to assess the condition of the
nation’s aquatic resources in com-
pliance with the Clean Water Act,
and will inform decisionmakers in
weighing the benefits provided by
ecosystem services.

5) WILLAMETTE ECOSYSTEM SERVICES PROJECT

Lack of a standard method to evalu-
ate ecosystem services has prevented
full recognition of their contribution
to human well-being, and has ren-
dered their protection more difficult.
The Willamette Ecosystems Services
Project (WESP) seeks to quantify
and understand the effects of anthro-
pogenic (human-caused) stresses on
ecosystems services. Many factors
make up the web of ecosystem proc-
esses that provide beneficial services
to humans.

~-Monitoring for Aquatic Resource Assessment--
Contact: Dr. Steve Paulsen (541-754-4428)

Example: Restoration of riparian sys-
tems to provide fish habitat would
also enhance other ecosystems ser-
vices such as nitrogen control, car-
bon sequestration, flood protection,
and habitat provisioning. Sequester-
ing carbon not only removes green-
house gas from the atmosphere, but it
also reduces nutrient loss and im-
proves erosion control.

Think of these multiple, linked eco-
system services as “bundled ser-
vices”. What value can be placed
on the benefits provided by inter-
locked or bundled services?

left: Ecosystems can provide a valu-
able service by sequestering and
neutralizing pollutants entering the
air and water. Once ecosystems are
disturbed or damaged, they may no
longer function in this capacity.

To answer this question WED
scientists will evaluate land use,
forest productivity, wildlife, agri-
cultural practices, riparian wet-
land, and aquatic biota. The re-
sponses of various ecological ser-
vices (or bundles of services) to
change are the basis for develop-
ing future projections of land-
scapes and the services that they
provide.

Future projections can be calcu-
lated for use in economic and po-
litical analyses; bundles of ser-
vices can also form the basis for
trading.

The results will help EPA and
others evaluate the implications of
regulatory actions with regard to
ecosystems services over large
spatial areas.

~Willamette Ecosystem Services Project--
Contact: Dr. John Bolte (541- 754-4431)



Amid rising concern about increas-
ing levels of carbon dioxide (CO2)
and other greenhouse gases known
to accelerate climate change, the
U.S. may be able to limit the
buildup of these gases using Carbon
Offset Forestry (COF) practices to
sequester some of the CO2. Atmos-
pheric CO2 is absorbed by plants,
and sequestered in leaves, stems,
branches, roots and soils. Forest and
agricultural lands currently store
large amounts of carbon. Programs
such as “cap and trade” may allow a
portion of the CO2 emissions cap to
be offset by CO2 sequestration
achieved elsewhere by someone
other than the emitters. The U.S.
does not have a mandatory cap and
trade program, but should one arise,
assessing the environmental bene-
fits and consequences will be vital.

The focus of the Carbon Offset For-
esty: Forecasting Ecosystem Effects
(COFFEE) project is to assess po-
tential environmental effects of

COF practices on a large scale. COF
practices would likely affect all eco-
logical processes, thereby altering the tional programs and regional
delivery of many ecosystem services offices, and external stake-
(ESs), which are the resources and proc- holders.

esses supplied by ecosystems that bene-
fit humans. EPA will evaluate effects
of COF practices and climate change on
ESs.

Having such a tool is crucial to
the future interests of EPA na-

below: Oregon’s Willamette
Valley, with its forest resources,
major river, agriculture, and
dense human population, pro-
vides an ideal location for
COFFEE

COFFEE will account for where and
how carbon is sequestered in forest eco-
systems because of the implementation
of COF practices, and also will develop
ways to determine quantified trade-offs
among changes in the production of
several ESs. COFFEE will collaborate
with another Western Ecology Division
project, the Willamette Ecosystem Ser-
vices Project (WESP), to test a new de-
cision tool for policymakers that takes
into account simultaneous effects of
multiple environmental and policy fac-
tors on ESs. The decision tool will be
capable of providing outcomes for
suites of alternative COF practices and
future climate scenarios.

~-Carbon Offset Forestry: Forecasting Ecosytem Effects: --
Contact: Dr. Paul Rygiewicz (541- 754-4702)
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