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1.0 INTRODUCTION

The Washington State Department of Agriculture (WSDA) has legislative mandate to control
noxious and invasive weeds in the State of Washington. Noxious weeds are plants that when
established are highly destructive, competitive, or difficult to control by cultural or chemical
practices (RCW 17.10.010). Smooth cordgrass (Spartina spp.) a dominant invasive weed
spreading throughout many of Washington’s most productive estuarine tide flats, is considered a
Class B noxious weed under state code (WAC 16-750-011). Within the estuarine environments of
Washington State only one herbicide, glyphosate (Rodeog), is currently authorized for Spartina
spp. control (NPDS Permit # WAG-993000). Glyphosate is relatively non-toxic to animals and is
effective on a wide range of plant species. However, its use to control smooth cordgrass is hindered
by drying times that limit its efficacy under the tidal conditions inherent to estuaries. It is also
significantly more expensive and requires higher application rates than an alternative herbicide
potentially available for use, imazapyr (Arsenaly,). The goals of this ecological risk assessment are
therefore to 1) summarize current knowledge concerning the toxicity of of imazapyr to target and
non-target organisms, 2) estimate potential exposure to ecological receptors relevant to the aquatic
(estuarine) environments where the herbicide may be applied, and 3) characterize risks from that
exposure to the individual species and ecosystems where Spartina spp. is distributed.

This ecological risk assessment should be considered supplemental to the original 1993
Environmental Impact Statement that evaluated the potential benefits and risks from the use of the
herbicide glyphosate (Rodeoq,) and other mechanical management alternatives to control Spartina
(WSDA 1993). Specifically, this assessment evaluates the risks to fish, wildlife and non-target
vegetation from the proposed use of imazapyr (Arsenaly,) to control smooth cordgrass in estuarine
waters of Washington State. Under the EPA Section 24(c) pesticide registration sought for
imazapyr use in an estuary, applications would be made directly to the plant during low tide, and it
is this scenario for which risks were considered.

Appendix A to this supplement references the “no-action” alternative, which, in contrast to the
earlier 1993 EIS, considers the “no-action” scenario to be a continuance of the current integrated
pest management scheme for Spartina control that involves the use of chemical (glyphosate) and
mechanical control means. That is, “no action” in the current context and in the vernacular of
SEPA guidance, would constitute the environmental baseline upon which imazapyr use is
compared; the potential inclusion of imazapyr into WSDA’s integrated pest management scheme
for Spartina control would therefore represent the “preferred alternative”.

The outline and methods of the main body of this report reflect standard ecological risk assessment
guidelines (EPA 1996). Thus, the report begins with the “problem formulation”, which
summarizes the scope of the problem, the need to consider alternative control mechanisms, and the
approach to the assessment. The problem formulation is followed by the “hazard assessment”
which relates the current understanding of imazapyr’s environmental fate, and its toxicity to the
range of target and non-target organisms where testing has been conducted. The hazard
assessment is followed by the “exposure assessment,” where the pathways and doses possible for
imazapyr exposure to the representative biological receptors are evaluated. The exposure
assessment considers the threatened and endangered (T&E) avian and aquatic species where
imazapyr could be applied where data permit. If no toxicity data were available for species typical
of the estuarine environments where impazapyr use is proposed, then toxicity data from surrogate
species were used. The use of surrogate species with similar dietary and/or behavior patterns has
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been shown to provide a relatively reliable predictor of aquatic toxicity when toxicity data are
lacking for species of greater relevance to specific areas (Sappington et al. 2000).

Standard EPA and other test species were also used as surrogates to model potential exposure to
terrestrial omnivores, herbivores and carnivores. It can be reasonably assumed that a similar
relationship as found with aquatic species sensitivity exists for other wildlife. However, only site-
specific risk assessments would be able to fully quantify risks to resident and migratory wildlife
receptors from chemical exposure. Notwithstanding, this assessment used surrogate species such
as the rat, rabbit, quail and mallard duck to gauge exposure to other wildlife that would be likely to
use estuarine habitat within Washington State. The rat provides a reasonable surrogate of an
omnivore, the rabbit an exclusive herbivore, and the quail and duck provide surrogates of upland
and wetland bird species, respectively.

The effects of specific contaminants at the broader ecosystem level may also vary significantly
among ecosystems based on the physical and chemical properties of the chemicals themselves, and
the unique combination of physical, chemical, and biological processes occurring in each
ecosystem. Such ecosystem differences can directly bring about differences in animal populations
or indirectly affect habitat. For example, wildlife populations resident to environments naturally
enriched with metals may tolerate a much higher concentration of metal exposure than naive
populations.  That is, populations of exposed organisms may differ in their response to
contaminants depending on their natural tolerance to the chemical, their behavioral and life history
characteristics (e.g., pre-exposure), the dose to which they are exposed, and the duration of
exposure. Furthermore, responses may be transient (and therefore reversible) or permanent
(irreversible).

With the preceding discussion in mind, the objectives of this EIS supplement can be succinctly
summarized as follows:

» To describe the toxicity hazards of imazapyr to marine and estuarine aquatic organisms, as
known.

» To describe the toxicity hazards of imazapyr to terrestrial and amphibious wildlife, as known.
» To describe the toxicity hazards of imazapyr to non-target vegetation, as known.

« To identify sensitive species that may be impacted in different regions where imazapyr could
be applied.

« To estimate (model) ecological receptor exposure (dose) by identifying complete and
incomplete exposure pathways, taking into account environmental fate and transport through
both physical and biological means.

o To characterize the risk or threat to other environmental components potentially affected by
imazapyr.

« To compare risks from the potential use of imazapyr relative to the existing use of glyphosate
and other existing control methodologies, such that the existing control methods can be
considered the “no action alternatives”.

» To identify the method or integration of treatment methods, from review of new literature
and WSDA’s existing program, that best controls Spartina spp. with the minimum amount of
risk to the environment.
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2.0 PROBLEM FORMULATION

To frame the scope of the Spartina problem in the State of Washington, the potential means to
control it, and the probable risks and benefits of the use of Arsenaly, as a component in the
integrated management of the invasive weed, a thorough understanding of the scope of the problem
is needed. This chapter defines the scope of the problem, the assessment endpoints that best
represent the management goals of the WSDA for Spartina control, the conceptual models we will
use to consider exposure to relevant ecological receptors, and the methodology by which risks to
ecological receptors are quantified and characterized.

Toxicology is the study of poisons. It examines and attempts to define the range in responses of an
organism or organisms to variable doses of a chemical or chemicals. Thus, the most important
factors regulating chemical toxicity are the exposure dose, the duration of exposure, and the
potency of the chemical. The genotype, and nutritional and physiological, state of an ecological
receptor at the time of exposure can also affect chemical toxicity. The introduction of chemicals
into an ecosystem can cause direct harm to organisms, or may indirectly affect their fitness—the
ability of an animal to survive and produce viable offspring. The results of chemical exposure may
be immediately apparent or may become noticeable only after considerable delay. Recognizing the
effects of exposure on animals may require analyses through a suite of measurement endpoints.
Measurement endpoints may include physiological, neurological, behavioral, endocrine-mediated,
or a variety of other indicators that could be construed to play a role in the survival of the
organism.

Ecological risk assessment represents a branch of toxicology wherein the effects of putative
poisons are examined not only at the individual organismal level as outlined above, but also at the
broader population and ecosystem level. Thus, the purpose of this ecological risk assessment is to
determine the nature, magnitude, and transience or permanence of observed or expected effects to
animals and their habitat from exposure to imazapyr, based on WSDA’s projected application rates
and integrated pest management practices. The assessment relies heavily on ecological hazard
studies that have been conducted over the past several years, product registration study results, and
conservative deterministic exposure modeling at the organismal level. Effects at the organismal
level are presumed to be reflective of potential effects at the population level, though no
quantitative measures of effect at the population level are calculated

21 Overview of Spartina Infestation in Washington State

Spartina 1s an invasive weed that inhabits tideflats, salt marshes and estuaries throughout
Washington State’s coastal areas. There are now four species of Spartina found in Washington’s
waters, Spartina alterniflora, Spartina patens, Spartina anglica and a newly discovered species
found in the fall of 2001, Spartina densiflora. Sometimes referred to as smooth cordgrass, Spartina
alterniflora and S. anglica are native to the Eastern and Gulf coasts of the United States and are
integrated into these regions’ natural ecosystem processes. Spartina patens is native to the west
coast, but does not extend north of California. In these environments, the spread of Spartina is
controlled by natural biological agents, and by natural disturbance factors such as hurricanes.

The potential of exotic species to change the physical structure and in so doing alter the ecological
functioning of the entire habitat unit has been well documented (Zipperer 1996). In several of
Washington State’s coastal habitats, Spartina spp. outcompetes and displaces native vegetation and
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results in changes to local ecosystems by converting littoral mudflats to salt marshes. These
changes threaten to impact native fisheries, shellfish beds, waterfowl migrations and other wildlife
by reducing the habitats carrying capacity for these animals.

2.1.1 Distribution

Spartina alterniflora typifies an invasive species by having a wide tolerance to habitat
requirements, fast dispersal rate, clonal reproduction and few to no natural predators in its invaded
range (Zipperer 1996). Spartina alterniflora was most likely introduced to the Washington coast
when it was used in the packing of East Coast oysters for shipping during the late 1800s. In
addition to the accidental introduction, S. alterniflora was also intentionally planted by a gun club
between 1941 and 1946 to stabilize bank erosion on their property in Padilla Bay. Spartina anglica
was also intentionally introduced, to stabilize dikes and provide forge for cattle in Port Susan Bay.
The pathways of introduction for both Spartina patens and the newly discovered S. densiflora are
not known at this time.

Spartina species have spread throughout Washington State’s coastal counties. Infestations range
from only a few square feet to more that 6,800 solid acres. Currently there are an estimated 7,500
solid acres interspersed amongst 20,000 total invaded acres in Washington’s coastal habitat. Table
2-1 summarizes the locations, size and recent treatments of Spartina sp. found in Washington State
(WSDA Legislative Report 2002). Figures 2-1 and 2-2 demonstrate typical clone and field
colonies (meadows) of Spartina, as occurring today in Willapa Bay.

Figure 2-1: Typical multi-clonal distribution of Spartina alterniflora in Willapa Bay.

(Source~k=Peartrem2663.)
DA Yo
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Figure 2-2: Typical Spartina alterniflora meadow in Willapa Bay.
(photo credited to K. Patten, by permission.)
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Table 2-1: Spartina Distribution and Treatment in Washington State, 1997-2002.

County Spartina Present in 2002 Spartina Treated, 1997 - 2002 2002 Treatment Methods
Pacific (Willapa Bay) Over 6,800 solid acres 1997 —approx. 742 solid acres Mowr/herbicide, herbicide, seedling
spread over > 15,000 1998 —approx. 450 solid acres removal, various mechanical control.
acres 1999 —approx. 600 solid acres
2000 —approx. 800 solid acres
2001 —approx. 900 solid acres
2002 —approx. 1804 solid acres
Grays Harbor Scattered clones and 1997 through 2002 - all treated Herbicide, seediing removal, mow
seediings 0.25 acres each ’
Snohomish Approx. 350 solid acres | 1997 —approx. 89 solid acres Mow/herbicide, herbicide, seedling
spread over >4,500 acres | 1998 —approx. 126 solid acres removal, dig, mechanically crush, mow.
1999 —approx. 90 solid acres
2000 —approx. 158 solid acres
2001 —approx. 75 solid acres
2002 —approx. 238 solid acres
Island Approx. 350 solid acres | 1997 —approx. 250 solid acres Mow/herbicide, herbicide, seedling
spread over >1,000 acres | 1998 —approx. 160 solid acres removal, mechanically crush, mow.
1999 —approx. 155 solid acres
2000 ~approx. 130 solid acres
2001 ~approx. 72 solid acres
2002 —approx. 180 soiid acres
Skagit Approx. 350 solid acres | 1997 —approx. 91 solid acres Mowr/herbicide, herbicide, seedling
spread over >1,000 acres | 1998 —approx. 57 solid acres removal, dig, mow.
1999 - all treated
2000 —approx. 60 solid acres
2001 —approx. 33 solid acres
2002 —approx. 37 solid acres
Clallam 1 infestation < 0.001 acres | 1997 ~ treated twice Dig
in size 1998 - treated three times
1999 — treated twice
2000 — treated three times
2001-02 — treated four times
Jefferson 14 infestations - approx. | 1997 - all treated Mow, mow/herbicide, dig, seedling
0.01 solid acres fotal 1998-2000- all treated twice removal
2001-02 — all treated three times
Kitsap 8 infestations - approx. 1 | 1997 - all but 2 tribal sites Mow, mow/herbicide, dig, seedling
solid acre total 1998 - all treated once removal
1999 - all treated twice
2000-01 - all treated once
2002 - all treated twice
King 2 infestations - single 1997 — monitored Dig
clones and a few seedling | 1998-99 - all treated once
2000-02 - all treated twice
San Juan Re-growth found at one | 97 - all treated Survey, dig
site. 2 other sites clean for | 98 - all treated
four consecutive years | 99 — monitored
2000-02 - all treated once

From Washington State Department of Agriculture’s Report to the Legislature, Progress of the 2002 Spartina Eradication Program,

December 15, 2002
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2.1.2 Biology

Spartina 1s a rhizomatous perennial grass that can proliferate from either sexual reproduction or
vegetative propagation. Shoots sprout from below ground rhizomes in the spring and reach a height
of three to six feet by mid-summer. Spartina flowers from late June to October; however, not all
populations within Washington State flower. Sexual reproduction may require a sufficient
underground biomass to trigger. Populations that do not flower depend on vegetative propagation
and/or lateral growth to spread. Temperature, photoperiod soil temperature, and soil salinity have
been shown to influence occurrence and timing for the populations that do flower. Salinity has also
been shown to affect growth rate, seedling development and spatial zonation (Feist 1999).

Dispersal of Spartina is accomplished when water currents, animals or humans transport seed,
thizome pieces or entire plants to new locations. Humans are the most prevalent cause of Spartina
dispersal, either through intentionally plantings or accidental spread. Waterfowl and other birds are
known to ingest seeds and rhizomes, spreading material through their feces. Water spread seeds
and rhizomes fragments via natural currents and tidal actions. These mechanisms of dispersal
create great difficulties in controlling the spread of the weed.

When new plants are established through either seeds or vegetative propagation, survival appears
to be linked to competition with other plants. Low light levels caused from other plants may inhibit
survival. Seed and vegetative propagation seems to be important in the colonization of disturbed or
bare areas. In contrast, growth of established colonies out- competes native plant species resulting
in a nearly complete monoculture of Spartina plants in invaded habitats. These colonies or clones
reproduce by the lateral spread of underground rhizomes and aboveground tillers.

Spartina alterniflora, S. patens, and S. anglica become dormant during the winter and die back.
However, Spartina densiflora does not become dormant and produces new plant material
throughout the year. In addition, the seed viability of S. densiflora appears to be much higher than
the other species of Spartina. These traits may potentially allow S. densiflora to invade new areas
more rapidly than the other Spartina species in Washington State.

In its native habitats S. alterniflora functions as essential feeding grounds and nursery areas for
numerous species of invertebrates, fish, shorebirds, migratory waterfowl, and small mammals. In
contrast S. alterniflora alteration of mud flats could eliminate critical foraging habitat of juvenile
salmonids, flatfish, shorebirds, and migratory waterfowl. In addition, composition and abundance
of benthic invertebrates may be substantially altered by cordgrass colonization of mudflats because
these species are strongly influenced by the physical environment (Zipperer 1996).

2.2 Ecological Receptors, Community Descriptions, and Threatened and
Endangered Species In Primary Areas Where Spartina is Distributed

As demonstrated in Table 2-1, Spartina is found in multiple locations within Puget Sound, and on
the Pacific Coast within Willapa Bay. Most areas of Spartina distribution in Puget Sound are
localized and can be controlled by mechanical means (see Table 2-1). The two areas of greatest
distribution, Willapa Bay and Padilla Bay, require the use of chemical control means to achieve the
goal of eradication, and chemical control must remain a viable alternative for all areas where
Spartina is found if mechanical means prove ineffective in the future. With this understanding, an
overview of the ecological communities and ecological receptors in Willapa and Padilla bays is
provided below. The Willapa Bay and Padilla Bay ecosystems share many similarities with the
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other smaller areas Spartina has colonized in Washington State, although due to their size, the
ecosystems support a greater diversity of species. These habitats, as well as other coastal habitats
of Washington where smaller colonies of Spartina have established, support several priority
species, some of which are listed as threatened or endangered (T&E) under the Endangered
Species Act (ESA). Thus, this section also provides a summation of the T&E species in
Washington State, and the potential for these species to occur in areas where imazapyr treatments
of Spartina could occur.

Willapa Bay

Willapa Bay is located in the southwestern corner of the Washington coast. It is approximately 38
km long and 8 km wide (Gringas et al. 2000). At high tide, the aquatic environment of Willapa
Bay 1s approximately 88,000 acres, however almost half of the Bay is drained at low tide (Cohen et
al. 2001). Willapa Bay in almost fully enclosed by the Long Beach Peninsula, a 30 km-long
barrier spit that was formed by the deposition of Columbia River sediments. The Willapa Basin
has received an average of 85 inches of rain per year over the past 75 years of record
(http://www.tidepool.org/wiscweb/wisc98nw2.html). Willapa Bay has a drainage basin of
approximately 2,550 square miles, and the main tributaries that drain into the bay include the
North, Willapa, and Naselle rivers. The Palix River is a minor contributor to the mean daily
runoff. Mean daily runoff to Willapa Bay represents approximately < 0.05 percent of the bays total
volume.

Willapa Bay is Washington’s largest outer coast estuary (Cohen et al. 2001). Willapa Bay is a
largely unaltered environment, however it has been significantly impacted by the colonization of
non-indigenous/exotic species. Of the 892 vascular plants in the Willapa Basin (which includes
headwater habitat outside of the brackish estuary) approximately 250 species have been
introduced. Similarly, 30 of the 473 species of vertebrates identified in the basin have been
introduced (www.tidepool.org/wiscweb/wisc98nw2.html). Approximately 34 exotic aquatic plant
and animal species were recently identified within the Willapa Bay estuary during a 2000 research
expedition sponsored by the Washington State Department of Natural Resources (WDNR)
Nearshore Habitat Program (Cohen et al. 2001). Within the estuary habitat of the basin, the two
most significant plant species introduced are the Japanese eelgrass (Zostera japonica) and the
smooth cordgrass (Spartina alterniflora).

The most problematic exotic species found within Willipa Bay is the smooth cordgrass. This
invasive species is outcompeting native aquatic vegetation for space and nutrient resources.
Spartina also degrades habitat for aquatic, terrestrial and aviananimal species utilizing Willapa
Bay. Between 1994 and 1997, Spartina populations expanded at a rate of 485 percent within the
southern portion of Willapa Bay (Willapa Bay Estuary 2001).

In addition to the major issues created by the introduction of Spartina, numerous aquatic
invertebrate animal species have been introduced intentionally or inadvertently into Willapa Bay
during the past century. The degree to which these introductions have displaced native species is
less understood than the displacement caused by Spartina. Some of the known non-native
introductions are tabulated in Table 2-2.
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Table 2-2: Common Non-native Invertebrates in Willapa Bay.

First Puget
Sound
General Taxon Species Record
Hobsonia florida 1940
. Polydora cornuta 1932
Annelida (polychaeta) Pseudopolydora bassarginensis 2000
Pseudopolydora kempi japonica 1951
Streblospio benedicti 1932
Crepidula fornicata 1905
, lllyanassa obsoleta 1907
Molluska (prosobranchiz) Ocinebrellus inornatus 1924
Urosalpinx inomatus 1890
Crassostrea gigas 1875
Mya arenaria 1874
Molluska (bivalve) Neotrapezium liratum 1924
Petricolaria pholadiformis 1927
Venerupis philippinarum 1924
Eusariella zostericola 1953
Balanus improvisus 1853
Nippoleucon hinumensis 1979
Limnoria tripunctata 1871 or 1875
Anthropoda (crustacea) Amp 'th‘_)e valida - 1941
Corophium acherusicum 1905
Corophium insidiosum 1915
Grandidierella japonica 1966
Jassa marmorata 1938
Melita nitida 1938
Entoprocta (bryozoa) Bowerbanki gracilis 1923
Botrylloides violaceus 1973
Urochordata (ascidiacea) Botryllus schlosseri 1944-47
Molgula manhattensis 1949
Porifera Clathria prolifera 1945-49
Cnidaria (hydrozoa) Cordylophora caspia 1920
Cniidaria (anthozoa) Diadumene lineata 1906

Source: Cohen et al. 2001

Several of the resident shellfish species in Willapa Bay support substantial commercial harvest
and/or farming industries (Table 2-3). The most significant species include the Pacific Oyster
(Crassostrea gigas) and the native Dungeness crab (PNCERS 1998).

FINAL
November 7, 2003 Page 9



Table 2-3: Commercial Shellfish Species within Willapa Bay.

Type of
Common Name Scientific Name Species
Pacific oyster Crassostrea gigas Oyster
Dungeness crab Cancer magister Crab
Red rock crab Plagusia chabrus Crab
Geoduck Panopea abrupta Clam
Quahog (hardshel)) Arctica islandica Clam
Softshell clam Mya arenaria Clam
Native fittleneck Protothaca staminea Clam
Cherrystone Mercenaria mercenaria Clam

Source: PNCERS 1998

Anadromous salmonids use Willapa Bay’s major tributaries for migration, spawning, incubation
and early-rearing (Table 2-4). Habitat within Willapa Bay is also important habitat for larval and
juvenile marine and anadromous fish rearing. It is, “arguably the most important nursery estuary
on the coast for juvenile English sole” (B. Dumbauld, WDFW, personal communication to Wendy
Sue Wheeler, EPA, 11/14/2000). Pacific herring spawn on the eelgrass beds in the early spring,
and the estuary also supports lesser-known smelt and sand lance runs; all three of these species are
important forage fish for Pacific salmon. Anchovy, salmon and sturgeon have supported
commercial fisheries in the outer bay in the past.

Willapa Bay is also a major migration stopover location for shorebirds in the spring and winter
(Willapa National Wildlife 2001). An estimated 100,000 to 1,000,000 shorebirds stop to feed in the
mudflats of Willapa Bay and other coastal regions of Washington State during the spring.
However, spring and winter peak shorebird numbers have been declining by 54 and 67 percent,
respectively since 1991 due to infestation of Spartina.

The distribution of ducks within Willapa Bay was modeled by Willapa National Wildlife (2001).
The hierarchy of distribution within Willapa Bay according to mid-winter aerial waterfowl surveys
is: South Bay (47.1%) > East Bay (28.6%) > North Bay (18.8%) > West Bay (4.2%) > Peninsula
(1.2%). The most significant region for ducks, the South Bay, is also harbors the greatest density
of Spartina. A summation of some of the common avian species found within Willapa Bay is
provided in Appendix C. (USFWS 1991).

Willapa Bay, its surrounding wildlife refuge, and the extensive contigous lowland forests also
support a diverse assemblage of terrestrial and amphibious wildlife. Some 53 species of mammals
and 19 herptiles (reptiles and amphibians) have been reported, as summarized in Appendix D
(USFWS 1991).
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Table 2-4: Anadromous Salmonid Distribution and Utilization within Willapa Bay

Tributaries.
o,
River Species Run Primary Use River Miles Used X o{}::;eam
Migration 0.0-7.3 20%
hi f Fall
Chinook salrmon @ Spawning/ Rearing 7.3-31.2 63%
Migration 0.0-7.2 19%
I N/A
Coho saimon Spawning/ Rearing 72268 52%
) Migration 0.0-74 20%
i I
Naselle River Steelhead Winter Spawning Rearing 74302 1%
Migration 0.0-9.9 26%
Rearing/ Migration 9.9-15.2 14%
I
Chum salmon NiA Spawning/ Rearing 15.2-25.2 27%
Migration 252-256 1%
Migration 0.0-0.3 1%
Chinook sal Fall
ook saimon & | Spawning/ Rearing 03593 98%
Migrati .0-0. 19
Coho salmon N/A |grat|9n - 0.003 L
North River Spawning/ Rearing 0.3-60.0 99%
Migration 0.0-06 1%
Steethead Winter | Rearing/ Migration 0.6-22.0 36%
Spawning/ Rearing 22.0-60.0 63%
Chum salmon N/A Migration 0.0-5.8 10%
Chinook salmon Fall Migration 0.8-4.0 34%
o Coho salmon N/A Migration 0.84.0 34%
Palix River ) I
Steelhead Winter | Migration 0.8-4.0 34%
Chum salmon N/A Migration 0.8-4.0 34%
Migration 0.0-75 16%
Chinook sal Fall
inook saimon @ Spawning/ Rearing 75413 72%
Migration 0.0-55 12%
Rearing/ Migration 5558 1%
Coho saimon NiA Spawning/ Rearing 5.8-41.8 76%
Migration 41.8-44.1 5%
Wil i
llapa River Migration 0.0-55 12%
Steelhead Winter | Rearing/ Migration 5.5-28.2 48%
Spawning/ Rearing 28.2-41.3 28%
Migration 0.0-28.3 60%
Chum salmon N/A Spawning/ Rearing 28.3-31.8 8%
Migration 31.8-36.0 9%
Willapa Bay Green sturgeon N/A Spawning/ Rearing N/A N/A

Source: StreamNet 2003
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Padilla Bay

Padilla Bay is an 11,000 acre shallow-water bay in north Puget Sound, incorporating the deltas of
the Skagit and Samish Rivers. Padilla Bay is delineated by the saltwater edge of the North Fork
Skagit River delta in Puget Sound. Padilla Bay is approximately 8 miles long and 3 miles wide
(Padilla Bay NERR 2002). The Skagit River provides the majority of the freshwater and sediment
resources to the bay. The bottom of Padilla Bay is very shallow due to sediment transport from the
Skagit River, which creates a broad tidal flat during low tide and flooded during high tide (Padilla
Bay NERR 2002).

Eelgrass meadows occupy nearly 8,000 acres of the bay, and are made up primarily of two species:
native eelgrass (Zostera marina) and a non-native species (Zostera japonica). The eelgrass
meadows stabilize the mud-flat substrate that dominates the bay, and provide food and shelter for
various fish and wildlife. Eelgrass and algae are the main primary producers within Padilla Bay
(Thom 1988). The salt marsh associated with Padilla Bay was diked and drained before 1900 for
farm land, leaving a small fringe of the salt marsh that includes species such as salt grass
(Distichlis spicata), salt brush (4riplex patula), pickleweed (Salicornia virginica), and seaside
arrowgrass (Iriglochin maritimum).

The salt marsh and mudflat of Padilla Bay has problems with two non-native invasive species of
cordgrass (Spartina alterniflora and Spartina anglica) that are competing for resources held by
native species (WSDA 2000). S. alferniflora (smooth cordgrass) was first introduced into Padilla
Bay in the early 1940s and by 1979 approximately 3.5 acres were reported in Padilla Bay; S.
alterniflora was reported to have increased to 17 acres by 1997 (WSDA 2000). S. anglica
(common cordgrass) formed from allopolyploidy of the sterile hybrid S. X townsendii in England.
S. anglica has strong hybrid vigor and has taken over approximately 25,000 acres of intertidal salt
marsh on the British coast within the past 100 years (WSDA 2000). S. anglica was reported in the
Puget Sound by 1979 in an estimated coverage of 15 acres; by September 1997, approximately
1,000 solid acres was reported within North Puget Sound (over 8,000 acres of this region was
impacted).

Aquatic organisms found within Padilla Bay include crabs, shrimp, mud snail, and various
organisms that are supported in salt marsh/mud flat habitat. Extensive eelgrass meadows in the
bay provide excellent habitat for finfish such as salmon, perch, and herring, but also many
invertebrate species (e.g. worms, shrimp, clams). These species in turn support great blue heron,
eagle, otter, and seal populations. The eelgrass meadows of the Padilla Bay estuary provide
suitable habitat for many different life stages of aquatic organisms. For example, young
Dungeness crabs, one of the most economically important aquatic organisms in Padilla Bay, utilize
intertidal cobble found within the eelgrass meadows (Dinnel et al. 1986).
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Table 2-5: Marine Invertebrate Species within Padilla Bay.

Phylum Common Name Scientific Name Exotic
Nemertea Sand nemertean Cerebratulus californiensis no
Nemertea Green nemertean Emplectonema gracile no
Nemertea Restless worm Paranemertes peregrina no
Annelida Lugworm Abarenicola pacifica no
Annelida Rough-skinned lugworm Abarenicola claparedii no
Annelida Thread worm Notomastus tenuis no
Cnidaria Sea pen Abietinaria sp. no
Cnidaria Orange-striped jellyfish Gonionemus vertens no
Cnidaria Aggregate anemone Anthopleura elegantissima no
Cnidaria Broodinig anemone Epiactis prolifera no
Cnidaria Tealia Tealia sp. no
Cnidaria Stalked jellyfish Haliclystus auricula no
Ctenophora Sea gooseberry Pleurobrachia bachei no
Brachiopoda Lamp shell Terebratalia transversa no
Echinodermata Blood star Henricia leviuscula no
Echinodermata Six-rayed sea star Leptasterias hexactlis no
Echinodermata Purple star Pisaster ochraceus no
Echinodermata Sunflower star Pycnopodia helianthoides no
Echinodermata Green sea urchin Strongylocentrotus droebachiensis no
Echinodermata Red sea cucumber Cucumaria miniata no
Echinodermata White sea cucumber Eupentacta quinquesemita no
Chaetognatha Arrow worm Sagitta elegans no
Chordata Hairy sea squirt Boltenia villosa no
Chordata Broad base sea squirt Cnemidocarpa finmarkiensis no
Chordata Warty sea squirt Pyura haustor no
Mollusca Mossy chiton Mopalia muscosa no
Mollusca Large variegated limpet Notoacmea persona no
Mollusca Plate limpet Notoacmea scutum no
Mollusca Finger limpet Collisella digitalis no
Mollusca Shield limpet Collisella pelia no
Mollusca Limpet Unidentified sp. no
Mollusca Spindie whelk Searlesia dira no
Mollusca Chinese hat Calyptraea fastigiata no
Mollusca Hooked slipper shell Crepidula adunca no
Mollusca Slipper shell Crepidula sp. no
Mollusca Screw snail Bittium sp. no
Mollusca Hairy shell Trichotropis sp. no
Mollusca Amphissa Amphissa sp. no
Mollusca Keyhole limpet Diodora aspera no
Mollusca Chink shell " |Lacuna variegata no
Mollusca Sitka periwinkle Littorina sitkana no
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Phylum Common Name Scientific Name Exotic
Mollusca Checkered periwinkle Littorina scutulata no
Mollusca Cowry? Cypraeolina pyriformis no
Mollusca Japanese hornmouth Ocenebra inornata (=japonica) yes
Mollusca Atlantic oyster drilt Urosalpinx cinerea yes
Mollusca Basket shell Nassarius fraterculus yes
Mollusca Lean basket shell Nassarius mendicus no
Mollusca Lewis' moon snail Polinices lewisii no
Mollusca Turret shelf Batillaria atframentaria yes
Mollusca Japanese false cerith Batillaria zonalis yes
Mollusca Wrinkled thais Thais lamellosa no
Mollusca Blue top shell Calliostoma ligatum no
Mollusca Puppet margarite Margarites pupilius no
Mollusca Taylor's sea slug Phyllaplysia taylori no
Mollusca Bubble shell Acteocina sp. no
Mollusca Barrel bubble Acteocina harpa (Retusa harpa) no
Mollusca Bubble shell Haminoea sp. no
Mollusca Blister paper bubble Haminoea vesicula no
Mollusca Barre! bubble Cylichna sp. no
Mollusca Odostome Odostomia sp. no
Mollusca Opalescent nudibranch Hermissenda crassicomis no
Mollusca Sculptured nut clam Acila castraensis no
Mollusca Heart cockle Clinocardium nuttallii no
Mollusca Japanese oyster Crassostrea gigas yes
Mollusca Dipper clam Lyonsia striata no
Mollusca Polluted macoma Macoma inquinata no
Mollusca Bent-nosed clam Macoma nasuta no
Mollusca Sand clam Macoma secta no
Mollusca Eastern soft-shell clam Mya arenaria yes
Mollusca Blunt soft-shell clam Mya truncata no
Mollusca Blue mussel Mytilus edulis no
Moliusca purple vamish clam Nuttallia obscurata yes
Mollusca Rock oyster Pododesmus macroschisma no
Moliusca Native littleneck clam Protothaca staminea no
Mollusca Washington clam Saxidomus giganteus no
Mollusca Butter clam Saxidomus nuttalli no
Mollusca Horse clam Schizothaerus nuttallif no
Mollusca Jackknife clam Solen sicarius no
Mollusca Japanese littleneck clam Venerupis philliparum yes
Mollusca White tellen Tellina modesta no
Mollusca Horse clam Tresus capax no
Mollusca Dentalium Dentalium rectuis no
Arthropoda Horse bamacle Balanus cariosus no
Arthropoda Smooth acomn baracle Balanus crenatus no
Arthropoda Acorn bamacle Balanus glandula no
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Phylum Common Name Scientific Name Exotic
Arthropoda Eelgrass isopod Idotea resecata no
Arthropoda Olive-green isopod Idotea wosnesenskii no
Arthropoda Oregon pill bug Gnorimosphaeroma oregonense no
Arthropoda Beach hopper Orchestia traskiana no
Arthropoda Skeleton shrimp Caprella laeviscula no
Arthropoda Coon-striped shrimp Pandalus danae no
Arthropoda Gray shrimp Crangon nigricauda no
Arthropoda Short-spined shrimp Heptacarpus brevirostrus no
Arthropoda Ghost shrimp Callianassa californiensis no
Arthropoda Mud shrimp Upogebia pugettensis no
Arthropoda Porcelain crab Petrolisthes eriomerus no
Arthropoda Hermit crab Pagurus granosimanus no
Arthropoda Hairy hermit crab Pagurus hirsutiusculus no
Arthropoda Decorator crab Oregonia gracilis no
Arthropoda Spider crab Pugettia gracilis no
Arthropoda Kelp crab Pugettia producta no
Arthropoda Dungeness crab Cancer magister no
Arthropoda Red rock crab Cancer productus no
Arthropoda Graceful cancer Cancer gracilis no
Arthropoda Purple shore crab Hemigrapsus nudus no
Arthropoda Green shore crab Hemigrapsus oregonensis no
Arthropoda Pea crab Pinnixa occidentalis no
Arthropoda Pea crab Pinnixa schmitti no
Arthropoda Burrow crab Pinnixa tubicola no
Arthropoda Helmet crab Telmessus cheiragonus no
Arthropoda Sea spider Halosoma viridintestinale no

Source: S. Riggs, Personal Communication, Padilla Bay National Estuarine Research Reserve, 2003

The complex of aquatic and intertidal habitats supported in Padilla Bay and its conjoined
freshwater deltaic environments support the early rearing and the saltwater:freshwater
physiological transitions of substantial anadromous salmonid stocks (Table 2-5). In addition, over
50 other resident fish species have been reported in the bay (Table 2-6). Both herring and smelt
use the eelgrass meadows of Padilla Bay for spawning, and both species are significant salmonid

forage species.
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Table 2-6. Anadromous and Resident Fish Species Found within Padilla Bay and

Associated Tributaries.

Anadromous/

Common name Scientific Name Resident
Pink salmon Oncorhynchus gorbuscha Anadromous
Chum salmon Oncorhynchus keta Anadromous
Coho salmon Oncorhynchus kisutch Anadromous
Sockeye salmon Oncorhynchus nerka Anadromous
Chinook salmon Oncorhynchus tshawytscha Anadromous
Coastal cutthroat trout Salmo clarki clarki Anadromous
Steelhead Oncorhynchus mykiss Anadromous
Dolly varden/ bull trout Salvelinus malma Anadromous
Spiny dogfish Squalus acanthias Resident
Big skate Raja binoculata Resident
Raffish Hydrolagus colliei Resident
Pacific herring Clupea harengus pallasi Resident
Northern anchovy Engraulis mordax mordax Resident
Surf smelt Hypomesus pretiosus pretiosus Resident
Longfin smelt Spirinchus thaleichthys Resident
Northern lampfish Stenobrachius leucopsarus Resident
Plainfin midshipman Porichthys notatus Resident
Northern clingfish Gobiesox maeandricus Resident
Pacific tomcod Microgadus proximus Resident
Red brotula Brosmophycis marginata Resident
Blackbelly eelpout Lycodopsis pacifica Resident
Tube-snout Aulorhynchus flavidus Resident
Three-spined stickleback Gasterosteus aculeatus Resident
Bay pipefish Syngnathus griseolineatus Resident
Shiner perch Cymatogaster aggregata Resident
Pile perch Rhacochilus vacca Resident
Striped seaperch Embiotoca lateralis Resident
Pacific sandfish Trichodon trichodon Resident
Northern ronquit Ronquilus jordani Resident
{Pacific) snake prickleback Lumpenus sagifta Resident
Bluebarred prickleback Plectobranchus evides Resident
Black prickleback Xiphister atropurpureus Resident
Penpoint gunnel Apodicthys flavidus Resident
Crescent gunnel Pholis laeta Resident
Saddleback gunnel Pholis omata Resident
Pacific sand lance Ammodytes hexapterus Resident
Yellowtail rockfish Sebastes flavidus Resident
Sharpchin rockfish Sebastes zacentrus Resident
Rock greenling Hexagrammos lagocephalus Resident
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Anadromous/
Common name Scientific Name Resident
Whitespotted greenling Hexagrammos stelleri Resident
Lingcod Ophiodon elongatus Resident
Padded sculpin Artedius fenestralis Resident
Silverspotted sculpin Blepsias cirrhosus Resident
Sharpnose sculpin Clinocottus acuticeps Resident
Buffalo sculpin Enophrys bison Resident
Soft sculpin Gilbertidia sigalutes Resident
Pacific staghomn sculpin Leptocottus armatus Resident
Great sculpin Myoxocephalus polyacanthocephalus Resident
Sailfin sculpin Nautichthys oculofasciafus Resident
Tadpole sculpin Pyschrolutes paradoxus Resident
Grunt sculpin Rhamphocottus richardsoni Resident
Ribbed sculpin Triglops pingeli Resident
Cabezon Scorpaenichtyhys marmoratus Resident
Sturgeon poacher Agonus acipenserinus Resident
Tubenose poacher Pallasina barbata aix Resident
Smooth alligator fish Anoplagonus inermis Resident
Pacific spiny lumpsucker Eumicrotremus orbis Resident
Spotted snailfish Liparis callyodon Resident
Ribbon snaiffish Liparis cyclopus Resident
Marbled snailfish Liparis dennyi Resident
Tidepool snailfish Liparis florae Resident
Showy snailfish Liparis pulchellus Resident
Speckled sanddab Citharichthys stigmaeus Resident
Arrowtooth flounder Atheresthes stomias Resident
Starry flounder Platichthys stellatus Resident
Butter sole Isopsetta isolepis Resident
Rock sole Lepidopsetta bilineata Resident
Slender sole Lyopsetta exilis Resident
Dover sole Microstomus pacificus Resident
English sole Parophrys vetulus Resident
Sand sole Psettichthys melanostictus Resident

Source: S. Riggs, Personal Communication, Padilla Bay National Estuarine Research Reserve, 2003

Padilla Bay is a reserve for migratory avian species in the winter (approximately 50,000 ducks,
covering 26 species), as well as resident species (Padilla Bay NERR 2002). Resident species
include great blue heron, dunlin (a shorebird), bald eagle, peregrine falcon, merlin, and snowy owl.
There are approximately 240 species of birds that utilize Padilla Bay as either a foraging resource,
nesting area, or migratory route.
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Terrestrial mammals in the Padilla Bay reserve include black-tailed deer, raccoon, skunks, coyote,
muskrat, and long-tailed weasel; marine mammals that use Padilla Bay include harbor seals, and

occasionally California sea lions and porpoises (Table 2-7).

Table 2-7: Terrestrial and Aquatic Mammalian Species in the Padilla Bay Region.

Order Common name Scientific name Exotic
Marsupiala Virginia opossum Didelphis virginiana yes
Insectivora Vagrant shrew Sorex vagrans no

Mole Unidentified sp. no

Chiroptera Bat Myotis spp. no

Lagomorpha Eastern cottontail Sylvilagus floridanus yes

Douglas' squirre! Tamiasciurus douglasii (i or i) no

Northem flying squirrel Glaucomys sabrinus no

, Beaver Castor canadensis no
Rodentia X I

Townsend's vole Microtus townsendii (i or ii) no

Muskrat Ondatra zibethicus (zibethica?) no

Deer (white-footed) mouse Peromyscus maniculatus no

Coyote Canis latrans no

Red fox Vulpes vulpes (fulva?) no

) Raccoon Procyon lotor no

Camivora ; " ”

Striped skunk Mephitis mephitis no

River otter Lutra candensis no

Longtailed weasel Mustela frenata no

Artiodactyla Mule (black-tailed) deer Odocoileus hemionus columbianus no

Cetacea Porpoise Unidentified sp. no

Pinnipedia Harbor seal Phoca vitulina no

Sea lion Unidentified sp. no

Source: S. Riggs, Personal Communication, Padilla Bay National Estuarine Research Reserve, 2003

Specific Receptors Examined for Exposure

Plants typical to the environments where imazapyr could be used to control Spartina include such
species as eelgrass (Zostera marina and Zostera japonica), and a variety of algal species such as
sea lettuce (Ulva sp.). Animals could include ungulates such as deer, elk and rabbit, omnivores
such as raccoons, terrestrial carnivores such as bobcat and coyote, avian species such as osprey,
eagles and gulls; reptiles such as turtles; amphibians such as frogs; and insects such as mosquitoes.
Obligate aquatic animal species include the array of Pacific salmonids native to Washington’s
waters, such as coho salmon, but also other fish species such as juvenile flatfish (Pleuronectidae), -
juvenile sturgeon (Ascipenseridae), and bullhead (Cottidae). Additional aquatic species potentially
exposed to imazapyr include the vast list of benthic and mobile invertebrates common to the
intertidal zone of Washington’s estuaries such as dungeness and rock crab (Cancer spp). As
opposed to modeling exposure to all of these (and other) possible plants and animals that could be
potentially exposed to imazapyr from Spartina treatment, we evaluated exposure in select
surrogate “guilds”.
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Receptor “guilds,” species with similar life histories or niches in the environment, are used to
estimate exposure rather than estimating exposure for each individual species where a chemical
could be applied. The assumption of this approach is that the general characteristics of each guild
will provide risk estimates that are representative of the entire guild. As such, each guild can be
extrapolated more broadly than single species estimates. The underlying concept is that each
receptor falls into a group of potential receptors that function in similar ecological niches or
"guilds." For example, many species of heron and egret feed on small fish and invertebrates and
require trees for roosts. As such, herons and egrets display similar life histories and would be
anticipated to have similar exposures to imazapyr. A single surrogate, such as the great blue heron,
for which reliable life-history information is available, may be used for calculating risk and the
results may then be extrapolated to the guild as a whole. This approach allows the risk assessment
to directly evaluate species for which the best exposure information is available. This approach
also allows results to be extrapolated to a broader range of potential receptors, thereby maximizing
data usage and applicability of results.

Surrogate species were selected in each identified receptor guild. The selected surrogates have
been studied sufficiently to enable risk calculations to be made even though a surrogate itself may
not necessarily be present within the study area (e.g., mallard). All of the other receptors are
present in Washington State and are representative of feeding guilds present. The fundamental
assumption that was made in this study was that if negligible risk is determined for the surrogate
species, then the entire guild is protected.

Specific wildlife receptor guilds were selected based on the evaluation of exposure pathways and
the possibility that a given receptor could come into contact with imazapyr applied for Spartina
control. The receptor selections were limited mainly to those receptors (species) that are found in
the areas where Spartina is distributed, and to surrogate species for which sufficient life history
and/or toxicological information existed so that reasonable exposure factors could be used to
estimate exposure and risk. The following bullets briefly summarize the ecological receptor guilds
for which exposure calculations were evaluated. Life history characteristics of these receptors are
described fully in Chapter 4.

e Mallard Duck (Anas platyrhynchus). This avian species was considered a representative
(primarily herbivorous) waterfowl species bird that is common to the areas of interest. This
species was evaluated due to its direct and indirect exposure through the consumption of
aquatic plants.

e Scaup (Aythya sp. [marila = greater; affines = lesser]). These species are more omnivorous
than the mallard, consuming a high proportion of their diet as animal protein, especially during
spring and fall migration periods. Animal sources in the diet include mussels, small fish, and
other benthic and pelagic invertebrates. The lesser scaup is considerably more common in
Washington, but both are coastal species.

e Red Fox (Vulpes vulpes). This mammalian species is a medium-sized primarily carnivorous
mammal of the canine family that is resident to much of western Washington, and whose range
is expanding. It is a surrogate for other carnivorous species such as the wolf, coyote, and
mustellids.

e Norway Rat (Ratfus norvegicus). A mammalian species of near ubiquitous distribution in
lowland areas throughout Washington State and the U.S. It is particularly common around
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coastal areas where it has been introduced through trade vectors of shipping.  Rats are
commonly used for toxicity testing.

e Deer Mouse (Peromyscus manisculatus). A common herbivorous mammal species found in
a variety of ecosystems, including coastal grasslands. Mice are also commonly used in toxicity
testing.

* Bobwhite Quail (Colinus virginianus) A common avian test species. This species is not
found in Washington State, but serves as a good surrogate for the introduced California (valley)
quail, Lophortyx californica, which is relatively common in western Washington. This species
is primarily herbivorous, eating mostly seeds. Quail are commonly used to test avian
sensitivity to toxicants.

e Marsh Wren (Cistothorus palustris). A common native avian species to coastal grasslands
and salt marsh habitats in Washington State. This species consumes a high proportion of its
diet in animal protein.

e Cottontail Rabbit (Sylvilagus sp). A strictly herbivorous species common to much of
western Washington, but introduced originally from the east coast. It is also a typical EPA test
species used particularly to evaluate dermal sensitivity.

Threatened and Endangered Species and Species of Concern

Threatened and endangered species are those species that have been given special legal and
protective designations by federal or state government resource agencies. A federally endangered
species is one that is in danger of extinction throughout all or a significant portion of its range. A
federally threatened species is one likely to become an endangered species within the foreseeable
future throughout all or a significant portion of its range. A species of concern is one for which status
information suggests the species is not abundant, and for which additional information is sought.

Addressing exposure and risk to threatened and endangered (T&E) species generally requires the
use of surrogate receptor guilds because they are rarely used (for obvious reasons) to establish
toxicity information on new chemicals (Sappington et al. 2000). A summary of all federal T&E
species in Washington State, their Washington State status, and their potential for existence in
areas where imazapyr treatments of Spartina could occur based on their habitat preferences is
included in this report as Appendix E. From this information, the potential exposure of T&E
species is truncated to only a few select species. In brief, utilization of Washington’s coastal areas
by threatened and endangered species is primarily limited to the listed salmonid species from the
Columbia and Puget Sound basins. In addition, several coastal avian species listed as sensitive,
candidate, or state-monitor species are common to Willapa Bay and other areas where Spartina is
distributed.

2.3 Conceptual Model

A conceptual model was developed for imazapyr (Figures 2-3 and 2-4). This conceptual model
accounted for the sources, pathways, and routes of exposure to the different trophic levels and
ecological receptors. Exposure of ecological receptors to imazapyr used to control Spartina spp.
could occur directly or inadvertantly (indirectly) through ingestion of contaminated food, water, or
sediment, through inhalation of aerosol, or through direct contact (e.g., insects).
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