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Executive Summary

Assiminea parasitologicas a small intertidal estuarineesogastropodhail native to
Japan This speciewvas first doamented in the Coos Bay Estuary, Oregoduneof
2007. The discoveryf this new nomative species in the Coos Estuaeayalyzed a
summer 200&xpeditionleadby Dr. James TCarlton and colleagues search foA.
parasitologicain estuaries in Oregocend WashingtonThe aforementioned work
generated the basis for this stutyconduct a systemati@selinesurvey d the

distribution, ecologyand life history ofA. parasitologicain Southern Oregon Estuaries.

Thearrival of Assiminegparasitologica(AP) may pose ecological problems as the snails
develop interactions with the existing community of mesogastropods in the salt marshes
and other intertidal habitats of Coos B&8everal species of small brackish water
mesogastropods currently inhaltietntertidal zone of the CoossRiary, including the

native Angustassiminea californig@C) andLittorina subrotundatgLS), and nomnative
Myosotella myosotiMM). The potential of this new invader itcteract with ordisplace
exiging mesogastropodsrdcted thisstudy to collect beeline data othesefour species

of snails

The primary goal of the study was to obtain a current (2009) snap shot of the status of
Assiminea parasitologiciam Pacific Northwest EstuarieS he project focused on
charactering: 1) the abundance jstribution and habitat uddy AP in the Coos Bay
Estuary?2) thereproducive biologyof AP in the Coos Bay Estuary 3) thesttibution of

AP in Pacific NorthwesEstuaries.

The survegto determinghedistribution abundancand habitat usef AP in the Coos
Estuaryemployeda twotiered sampling strategy(1l) A superficial and extensive Rapid
Assessment Method, with evenly spaced sampling to cover all extents of each salt marsh
and (2) A thorough and spatially limited Detaildslsessment Method, using randomly
generated points within marshes having known high AP abundance. Both methods

included habitat classification and abundance measurements for the four snail species.



The primary goals of the Rapid Assessment were toifyldes habitat and create
distribution boundaries dhe newinvasive and existing mesogastropod populations that
were presenfThe Detailed Assessment allowed us to quasfigcific snaiabundance

and further examine potential mechanisms of distmlouti

The environmental aror habitat signature was unique to each area sampled in both
methods. This uniqueness was not due to one environmental factor but a combination of
variables. Environmentalata from areas sampled wgrmeuped and proved to be
statistically different by spatial assignment. Although indival waterway$iad multiple
salinity zones, each regiaf the estuaryqonsisting of several waterwaysd a

dominant zone. Thidominantsalinity zone mayave been the main component to the

unique signaturef each region

Thetidal marsh habits of th€éoosEstuaryare highly influenced by local topography. In
addition, marshes in the Coos Estuary have been highly altered by historic land uses
including diking, filing, draining, and encroament or alteration by transportation
infrastructure. The result is that today waterways of the Coos Estuary saippicrof

broad and compressed marsh&fie combination of land use and topography along an
individual waterwaytypically resulted ironemarsh typelominating that waterwayAll

areas sampled had a range of marsh strata and dominant vegetation. The salt marshes of
Coos Bay have distinct topographic features including tidal channels, large rises and low
shallow pools.Marsh strata and vetation vary within an individual marsi the Coos
Estuary. As the marsh topography cltges so do the salt marsh plants; exhibiting classic
salt marsh vegetation stratification.

We found that the distribution, relative abundance, and absolute abarafahe

mesogastropods examined in this study reflected the variation in habitat found in the

marshes of the Coos estuarihe speciespecific snail distribution, relative abundance

and abundance patterns reflect this variation in habitat type. Qetatams of specific

habitat types with specific species strongly suggestthat f our | distrilbution speci e:

patterns are dictated by speesggecific responses to environmental factors. Of all the



factors measured in this study, salinity appéaize the dominant factor influencing the

distribution of these four mesogastropods species.

AP was found in all areas sampled within the Coos Bay Estuary. Both assessments
revealed similar results and patterns about the distribution of AP. This nageimwas
found in highest concentration at the Isthmus Slough (approximately 750 snails per
0.5n?) comparedo anyother area of Coos Band in polyhalinedominated waters
However AP alsopersisted in a wide range of salinity regimes. AP was foura$sc

marsh types, marsh stratad vegetation.

According to the data generated from this sty is by an order of magnitude the most
abundant mesogastropod examined in the Coos Bay system. AP shows preference for
more brackish water but can toleratevide range of salinity regimes. AP ah@ had

similar patterns of abundance and distribution across the esindrgppear to be able to
persist in a variety of habitats. LS and MM were found in much lower etgithan AP

or AC across the estuaryl'he data suggests that LSmore persistent in a euhaktype
habitat, with low marsh topography and vegetation. ,Mthough low in total numbers,

was widely distributed and occupied a variety of habitats

This is the first study to collect baselinealah the abundance and spe@pscific

habitat correlations of these Snail Guild species. Theredesessing or determining

change in the existingopulations of AC, LS and MM wasot possible. Although there

are biases in the design toward the caoltecof AP and high variation between platse

pattern is still clear that AP is abundant in the Coos Bay estuary. Given the high densities
and range of habitats that AP can inhabit there is striking potential for AP to move into
new areas of the estyaaind possibly displaca@readyexisting mesogastropod species.

The data from this survey strongly suggest that: AP could displace AC as it persists and is
successful in similar habitats and AP could displace LS and MM as these species

populations are lown comparison to AP.



Questions abolk . p ar a s repranllictivg biotogy @rsse quicklfter this non
native species was found in Oregoit the timeAssiminea parasitologicaas detected
in Oregon, ery little wasknown about the reproductive gy of A. parasitologican
Japan.Live A. parasitologicacollected in the Coos Estuamere brought tahe Oregon
Institute of Marine Biology in Charleston fobservationAP was observed to lay egg
capsules in the sediment from which planktonic lahatehedutas veligers (James T.

Carlton, perscomm., 2008).

Until recently only two of the Japanese Assiminéreéproductive biology had been
examined Assiminea hiradoensandAngustassimineaastana both of which have
planktoniclarvae. Our pimary goal was to gain any further information, either
gualitative or quantitative about the reproductive strategy of AP. We examined the
gametogenic activity of select populations of AP within Coos Bay to investigate the
seasonal ity o productive cycleo Wewereicwsiondts knowef the
gametogenic activity of AP was synchronous across the Coos Bay populati@s

found that AP is broadly synchronous across Coos Bay with active egg production in
JuneJuly and ovary content steadily déiatg from August through November.
Variability between sampling sites appears to be correlated with differences in sun
exposure during the summer. Individual females were found to contain over 40 eggs.

Abundant young of the year AP were documente@iugust.

In order to assess tlgstributionand possible invasioof AP inotherPacific Northwest
Estuaries we conducted presence/absence suovshoreline habitator AP and other
mesogastropod snails the Umpqua, Smith, Siuslaw and Willapa syss.

Carlton et al(2008) detectedP in threeOregonestuaries in 2008We detecte@dP in
five Pacific NW estuaries 2009. TWwo estuariesvith newly detected populationghe
Coquilleand Smithare rather small waterways that do not experieocemecial boat
basedshipping traffic. These waterways do however experieslegively high levelof

recreational fising and boahg traffic. Although not experimentallgxamined, these

1C



findings support the hypothesis that AP is being transported toegtheries via human

equipment.

This studysuccessfully met the objective adllecting baseline data orrecently
detectednvasive spec® The data generated here reveals faiarasitologicahas
successfully invaded the Coos Bestuaryjnhabit a wide breadth of habitats, making it
advantageous in its invasion, reproduoces seasonal cycland is expanding its
colonization into other estuari@sthe Pacific NorthwestIn addition this study yielded
distributionand habitat use datar the existing mesogastropadails that occur in

Pacific Northwest EstuariedVe hopethe information, dataandobservationgenerated

by this project will be olvalueto future studies thaxamine mesogastropods and habitat
in the salt marshes of Pacifiorthwest estuaries. We believe this data will play a

criticalroleaswe r ack t hi s mod e bfestuarigsthraughodiiesvest nv asi on

coast of North America.
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1. Introduction

1.1 Project Components and Personnel

Project Title: Early Detection of a new invasive mesogastrogas$iminea

parasitologicain Pacific Northwest Estuaries

This project was funded by NOAA and administered through the Pacific States Marine
Fisheries Commission. The study was conducted via a copeagteement between

the South Slough National Estuarine Research Reserve and the Confederated Tribes of
the Coos, Lower Umpqua and Siuslaw Indians, one of three federally recognized Indian

tribes on the Oregon coast.

Principal Investigators:
Mike Grayhll

South Slough National Estuarine Research Reserve

Howard Crombie
Confederated Tribes of the Coos, Lower Umpqua and Siuslaw Indians

Project Leader:
Alix Laferriere
South Slough National Estuarine Research Reserve

Additional Investigators:

Heidi Haris,

South Slough National Estuarine Research Reserve

John Schaefer,

Confederated Tribes of the Coos, Lower Umpqua and Siuslaw Indians
Jeff Stump

Confederated Tribes of the Coos, Lower Umpqua and Siuslaw Indians

12



Report compiled by: Alix Laferriere & Heidi Harris

Contributing Team Members and Roles:

Principal investigator Graybill and Office Manager Robin Elledge coordinated grant
administration through the Pacific States Marine Fisheries Commission. The team meet
monthly to review materials and pogols and to discuss future directions of the project.
Principal Investigators Graybill and Crombie advised Project Leader Laferriere on project
decisions and protocols. Laferriere coordinated South Slough NERR and Confederated
Tribes activities includig experimental design, site selection, data collection, analysis,
interpretation and written and oral communication of project. Laferriere lead the work of
two Biological Technicians, Harris and Schaefer. Harris led the Geographical
Information System@GIS) analysis and construction of the Geodatabase. Harris assisted
in all field work, data interpretation and report writing. Schafer lead the reproductive

module and assisted in data collection in the Umpqua, Smith and Siuslaw estuaries.

In addition,members of the team greatly benefited from the assistance of Dr. James T.
Carlton, director of Williams Mystic maritime Studies Program, who provided much
guidance and expertise to the project in aspects of invasion biology, experimental design,
data anaisis and interpretationDr. Steven Rumrill, lBsearch Coordinator at the South
Slowgh National Estuarine ResearchdRrve, advised the reproductive module
methodologyand assisteth data analysis and interpretatioBtacy Galleher, biologist at

the Orgon Department of Fish and Wildlife provided invaluable GIS assistance.

Project Timeline: The principal investigators first met in the fall of 2007 to discuss
collaboration and the potential to characterize the status of an invasive snalil first
described n t he Coos estuary in the summer of
invasive species program began in late 2008. The award start date for this project was
November 1, 2008Project Leader Laferriere started in March of 2009. Field work

started inlMay and continued through October 2009. End date for the project was
January 312010
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1.2 Project Foundation: Invasion History and Project Stimulus

Oregonés shall ow estuaries and protected
colonization by nofindigenous species. For example, commercial shellfish mariculture
operations have resulted in numerous deliberate and inadvertent introductions of non
native species into several different types of estuarine habitats includirag rgmd

docks, salt marshesglgrass beds, tideflats, and subtidal channels. Moreover, intensive
human settlement and industrial shoreline development in the Oregon estuaries that
support deeqiraft maritime traffic {e., Coos Bay, Yaquina Bay, Columbia River) have
been coupled wh global increases in shipping, reductions in transoceanic transit times,
and chronic introductions of namative species over the past century (Rumrill, 2006).
The increased frequency of noative species associated with ballast water transport has
creded many opportunities for nandigenous species to invade new habitats that are
characterized by frequent disturbance and perturbations by anthropogenic activities
(Carlton and Geller, 1993; Ruét al, 1997).

In particular, the Coos estuary (CoosyBs currently inhabited by about 80 species of
norrindigenous marine and estuarine organisms, and by about 25 species that are
cryptogenic in origin (Hewitt, 1993; Carlton, 2001). Only San Francisco Bay (CA)
contains a substantially greater number of-maligenous aquatic species. The extent of
colonization by nomative species in Coos Bay is comparable to several other major
urbanized estuaries located along the Pacific coast of North America including San Diego
Bay (CA), Humboldt Bay (CA), and theolimbia River estuary (ORV/A; Cohen and

Carlton, 1998; Ruiet al, 2000). Introduction of new species occurs within Coos Bay on

a regular basis, and the estuary is considered to be highly susceptible to invasion by non

indigenous species in the future.
During a recent raptdssessment survey of nordigenous marine and estuarine

organisms in Coos Bay (J.T. Carlt@ers. commJuly 2007), several populations of a

small brackishwater snail were discovered in the upper mesohaline/riverine regions of

14

e mb



theestuary where they were estimated to occur at densities in excess of thousands of
individuals per square meter. Specimens of the unknown snail were sent to Dr. H.
Fukuda (Okayama University, Japan) for taxonomic identification, and the snails were
identified asAssiminea parasitologiceno common name). Of special interest; this snail
in its native country is host to the parasitic lung flURatagonimus ohirai.This is the

first documented occurrence Af parasitologican Oregon estuaries and in Niort

America.

This finding catalyzed an expedition by Dr. Carlton and colleagues to seek out the
presence of. parasitologican estuaries in Oregon and Washington in the summer of
2008. The expedition team found tiafparasitologicahad invaded the Ungua and
Yaquina systems and was not yet present in the Smith, Siuslaw, Alsea, Siletz, Schooner
Creek, Devils Lake, Nehalam, Tillamook, Columbia and Willapa Systems. No parasites
were found in any of the specimens and the production of planktonic largasbserved

in the laboratory. The findings from this ten day expedition in 2008 generated the basis
for this study, to conduct a systematic survey to collect baseline data on the distribution,

ecology and life history strategy Af parasitologica.

The rew arrival ofA. parasitologicanay pose ecological problems as the snails develop
interactions with the existing community of mesogastropods in the salt marshes and other
intertidal habitats of Coos Bay. Several species of small brackish water meguagsstro
currently inhabit the intertidal zone of the Coos estuary, including the native
Angustassiminea californicand the nativé.ittorina subrotundataand the nomative
Myosotellamyosotis All of these native and nemative gastropods graze detrituatth
accumulates within salt marshes, and empirical observations indicate that success of the
non-nativeM. myosotign the higher elevations has not resulted from competition with

the native snails (Berman and Carlton, 1991). However, it is not clearextie¢hrecent
arrival of a second nenative speciesA. parasitologica will result in interactions that

may include competitive displacement of the native species, competition with the non
native snail, or occupation of an-oscupied ecological niche {8rs, 2000). The

potential of this new invader to displace existing mesogastropods dictated the study to

15



collect baseline data on all four species. The suitatife @Angustassiminea
californica, Littorina subrotundateand nornative @Assiminea parasblogica,
Myosotellamyosoti¥ will hereafter be referred to as the Snail Gujkbr detailed
information on each species please refer to Appendix 9.1: Snail Guild Information).

1.3 Project Objectives

The primary goal of the study was to obtain a cur(2809) snap shot of the status of
Assiminea parasitologica (AR) Pacific Northwest Estuaries. The objectives of the

study to obtain the goal were: (1) Determine the spatial distribution & abundance of AP
and the snail guild within the estuarine enmiment of Coos Bay, Oregon (2) Correlate

the speciespecific distributions and densities with environmental parameters. (3) Survey
the Umpqua, Siuslaw, Smith and other Pacific Northwest estuaries for the presence of
AP. (4) Investigate the life historyrategy ofAP.

This study was divided into three partg: TheMain Survey ofA .parasitologican the
Coos Bay Estuarine system. 2) Seeking the presemeepairasitologican other Pacific
Northwest estuaries. 3) Examination of the life historgtegy ofA. parasitologican

the Coos Estuary

16



2. Distribution and habitat use by Assiminea
parasitologica in the Coos Bay Estuarine system

2.1 Objectives

This survey was designed to assess the spatial extent of colonization of ARethin
Coos Bay Estuary, collect baseline data on the distribution and density of existing
mesogastropods and to observe habitat use by each member of the snail guild. The
objectives of the survey were to: (1) Determine the spatial distribution and abunflance
each species of the snail guild within the estuarine environment of Coo®&ann )
Correlate the speciespecific distributions and densities with environmental parameters.

These objectives were the basis of our sampling and statistical design.

2.2 Sampling Strategy and Statistical Design

All of our sampling strategies are based on a generafdetor design of comparing

across and among regions and marsh strata for each mesogastropod species. Our
sampling design was two tiered: (1) A supeal and extensive Rapid Assessment

Method (RAM), with evenly spaced sampling to cover all extents of each salt marsh and
(2) A thorough and spatially limited Detailed Assessment Method (DAM), using
randomly generated points within marshes having knogi AP abundance.

Our goal was to survey all marshes within the Coos system. Salt marsh habitat is found
in all upper reaches of the estuary, becoming limited or absent in the lower estuary
(Figure 1). We defined sampling sites, as marshes that wereiidjaéndividual

waterways. We selected sampling locations, based on the following criteria (1)
waterways with clearly defined physical boundaries (i.e. South Slough) (2) waterway
margins having appropriate mesogastropod habitat: composed of saltvegesdtion or
rocky rip rap (3) waterways located in the middle to upper reaches of the estuary (4)
marshes with sufficient spatial extent to collect a statistically viable number of sample,
which were independent of one another, (5) marshes we expesigupiart targeGuild

Snaik at some population levels.

17
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Figure 1: Thereis no appropriate Guild Snailbitat within the Unsampledréa

The Rapid Assessment Method utilized an evenly spaced grid sampling to cover the
extent of each marsh. Individugrids were drawn over each site, which consisted of a
waterway and adjacent marshes. The grid was a cell size was 800m alongshore (transect)
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and 15m upshore along waterway axis (Figure 2). From these grids, points were selected
for sampling, based orppropriate habitatAt each sampling point habitat classification,
environmental variables and the relative abundance of mesogastropods was recorded in a
0.5nfquadrat. The collection of relative abundance data as a methodology was chosen
over presence/aknce data so that we could perform nonparametric statistics on the
results. This design allowed tesssystematically and rapidly (at the experimental unit

level) sample waterways throughout the Coos Estuary. Sites were classified into five
regions basedn arbitrary spatial arrangement: North, South, East, West and Central and

were unbalanced in quantity per site (See Appendix 9.2: Sampling Locations).
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Figure 2:Rapid Assessment grid spacing
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Data and results from the Rapid Assessment were analyzaéehtify sites of known

high AP density that became the focus of the Detailed Assessment. One site per region
was chosen for the Detailed Assessment, high density AP areas were encircled with
polygons utilizing GIS. Fifty random waypoints were generatikin each marsh.

Points were then randomly selected using a random number table and-gutied for
suitability. Twenty random waypoints were sampled in each of the five sites selected: ten
high marsh and ten low marsh per site. At each samplimg {heg Rapid Assessment
Method was replicated and the Detailed Assessment Method was employed. The
Detailed Assessment Method excavated snails from the plot allowing us to perform
biometrics and generate abundance numbers for each species. This ttbsiggh a

slower in data collection, allowed us to have a more statistically rigorous balanced
stratified random design.

We generated waypoints for both the Rapid and Detailed Assessments using ESRI
ArcGIS v. 9.3 and National Park Service (NPS) AlaskaP&k2/software programs. For
all points, latitude and longitude were generated by NPS AlaskaPak and transferred to
Garmin GPSMap76 using the DNRGarmin GPS application software v. 5.4.1. See
detailed protocol (Appendix 9.8.7)

2.3 Methods

Using ArcGlSgenerated waypoints and handheld GPS units we navigated to the
sampling locations. Depending on the waterway, points were assessed from shore from
the nearest road or by water using a sea kayak or small motorized watercraft. At the
conclusion of samplingaeh area, boots were scrubbed down with a toilet bowl! brush to
preventtransferralbf the organisms from one location to another. Whole transects and/or
individual waypoints were categorized as suitable for sampling or were excluded from
sampling. A trasect or waypoint was excluded if: (1) the waypoint was inswtable
substrate (mud, trees, road), (2) the waypoint was unsafe or inaccessible due to soft mud

or vertical banks, (3) the waypoint was on private property.
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2.3.1 Habitat Classification ahEnvironmental Variables

At each transect head we classified the habitat and measured salinity. At each sampling
point we measured additional environmental variables to further classify the habitat.
Habitat classification was based off of an amalgawmnadif the NERRS Habitat and Land
Use Classification System (Appendix 9. 4)
Habitat Classification systemAppendix:9.3). We utilized these two classification

systems in desloping our sampling design so that we would be able to classify each
waypoint in accordase with repeatable standardd/e chose additional environmental
variables (modifiers) that were qualitatively or quantitatively recorded for each sampling
event. A the sampling point variables were measured over a’@Gadrat for both our

Rapid and Detailed Assessment Methods.

Salinity was determined with a handheld refractometer at each transect head for the
Rapid Assessment and at each polygon for the Detagedssment (salinity

measurements were often taken on an incoming or high tide). Marsh topography was
classified into marsh type as broad or compressed and marsh slope was determined as
flat, inclined or vertical. The presence of tidal channels anda@dgenic structures

such as bridges, docks, dikes or pilings were noted.

At each sampling point the environmental variables sampled included temperature of the
air and sediment at the surface, slope of the ground, dominant sediment classification
(determned by feel whether it was composed of sand, mud, or a mixture of the two=
Smud), marsh strata classification (high or laav)dthe presence of gl wrack and tidal
channels.Over a 0.5rharea, we documented percent cover of: salt marsh vegetation,
sepaated by species, and the overlying substrate separated into the following categories:

gravel, cobble, bark, flotsam and decayed plant material.

21



2.3.2 Rapid and Detailed Assessments

Our Rapid Assessment Method (RAM) was designed to allow broad satial

sampling across the Coos Bay Estuary salshes. The primary goals of the Rapid
Assessment were to classify the habitat and create distribution boundaries of invasive and
existing mesogastropod populations that were present. Target habitats ltveig Sa
vegetation and rocky riprap that would provide suitable habit&®@dd Snais. Using

handheld GPS units, we navigated to a waypoint, sampled environmental variables for
habitat classification (described abave)d sampled biological variabldésat could be

determined by visual observation and slight adjustment of the vegetation.

We quantified relative abundance of the snail guild over two spatial scales, on the
substrate and on the vegetation. Three areas within each quadrat were randsemy ch
for examination of target organisms, the quadrat was examined for a periodtbféeo
minutes. The relative abundance was determined independently for AP, AC, LS, MM
and NZMS(New Zealand Mud Snail)Relative abundance categories were as follows:
Absent=0, Rare=10, Common=1100, Abundant=101+.

The presence of other species was also noted on the data sheet.

Our Detailed Assessment Method (DAM) was based on a random stratified sampling
design, which allowed for rigorous statistical analysise @AM sampling site was

chosen per region: Haynes Inlet, Kentuck Inlet, Coos River North, Isthmus Slough and
South Slough. Sitgpecific RAM data was used to generate polygons that encompassed
known areas of known high AP abundance. Within polygonsprangaypoints were
generated, waypoints were randomly assessed for marsh strata and sampled until ten high
marsh and ten low marsh points had been sampled, yigldergy DAM sampling

waypoints per site and 100 DAM sampling waypoints total for Coos Bay.

Our oljectives at a DAM site were twimld: (1) to replicate our RAM effort and (2) to

extract snails for absolute identification and biometrics in the laboratory. A 0.5m
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guadrat was placed on to the substrate at the waypoint and the RAM was replicated
including the relative abundance measurements. In a randomly chosen’G025m

quadrat, all snails and materials were removed from the plot, packagkethken to the
laboratory for analysis. In the laboratory, samples were sieved through a 600 micron
mesh sieve and then frozen until analysis could be conducted. Snails were identified and
enumerated under a dissecting microscope and the total count and weight was recorded

for each species from each waypoint.
2.3.3 Data Analysis

RAM and DAM biologicdand environmental data were mapped using ESRI ArcMap.
RAM data was used to generate relative abundance estimates for all species of the snail
guild. To compare abundance data and apply statistics to theealative abundance
categoriesgbsent, raresommon and abundgmwere assigned numbers respectively. To
obtain an estimate of relative abundance, we calculated the average relative abundance
per unit area for all sampling sites within region, marsh type, marsh strata, salinity zones
and dominant &getation. DAM biological data was used in generating abundance
estimates for each species of the snail guild. To obtain an estimate of abundance, we
extrapolated from the stdadrat area (0.0025m2) to the standard quadeaf0.5m2),

which generated mean abundance for each species by 0.5m2 area by factor selected for
analysis. Factors selected for analysis included site, marsh type, marsh strata, salinity

zone and dominate vegetation.

Multivariate analyses were performed using PRIMER 6.1) toexamine patterns of
environment and snail abundance across and @magions and salinity zonedlulti-
Dimensional Scaling plots with ANOSIM pekbc analysis were developed from

Euclidean distance resemblance matrices (normalized environmental vatiables)
determine if region or salinity of a site were defining the community structure: Non
parametric, Wilcoxan statistical tests were used for the RAM data and ANOVA statistical
tests were used to examine the environmental correlates with individualspecie

distribution patterns.
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2.4 Results

2.4.1 Rapid Assessment

Habitat Classification

The Rapid Assessment Method covered five major spatial regions: North, Saith, Ea
West and Central (Figure 3%rids were sampled at 16 sites across the regions

(Appendix 9.2: Sampling Locations)The transects sampled and excluded are shown in
Figure 4. Transects were excluded if the transect lay across private property, an
inaccessible area (cliff or dangerously soft mud) or incorrect habitat (mudflat, sand dune,
purely terrestrial environment, road) (Figure 5). Many portions of the South Slough and
the Coos River upper reaches did not have the appropriate habitat for mesogastropods.
Downtown Coos Bay and certain parts of Isthmus Slough could not be sampled due to
private property and or incorrect habitat, typically farmland. All waterways had some

portion that was inaccessible to sampling, often due to dangerously soft mud.

55, A ¢

Regions

: D Central } y

East

North
South
West

Figure 3: Rapid Assessment regions across the @sasary
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X  Excluded Transects

@ Points Sampled

Figure 4:Excludedand sampled transedtsthe Rapid Assessment of the Costuary
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Excluded Transects

X Private Property

Inaccessible

X Incorrect Habitat

Figure 5:Reasons for transect@usion during Rapid Assessment

Habitat maps of the five regions sampled by RAM show the similarities and differences
across regions faeach habitat characteristic (Figure9)6 For salinity zone and marsh
type maps, the symbol represents the qualitative or quantitative assessment of that
variable for an entire transect. For marsh strata and dominant vegetation maps, the
symbol represas the qualitative or quantitative assessment of that variable for a
sampling point.
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Salinity concentrations (measured in parts per thousand), used to define zones were:
Euhaline (3135), Polyhaline (180), Mesohaline (@8) and Olighaline (0.55). These
zones were adopted from the NERR Habitat Classification (Appendix 9.4)

Salinity zones by region are shown in Figure 6. Examining salinity across regions shows
that there is a wiel salinity range, from euhalirgominated regions to sites with

oligohdine conditions. Examining within region reveals that each region is not
homogenous and is often composed of one or more salinity zones. As exgaotdyl
zonation is often stratified along the estuarine gradient of a given waterway. The West
and the North regioaare predominantly composed of euhaline and polyhaline water.

The Central is mainly composed of polyhaline water except in some of the fringing
marshes on the east side. The South region is a mixture of polyhaline and mesohaline
water. The East region is rather fresh with low numbers in the mesohaline zone and

some transects in theigbhaline zone.

Marsh type was defined as broad or compressed. Marsh type is not currently part of
either the NERR or Oregon Habitat Classification systased but were added as

modifiers to further classify marshes for an additional comparison variable. The
following lengths were used to define marsh type: Compressed <30meters, Broad > 30
meters. Marsh type classification is mapped and shown in Figuvaiishes sampled

within Coos Bay do not have a unifying marsh type. Both marsh types are present in the
West, South and North regions. The Central region is dominated by broad marshes and

the East region is dominated by compressed marshes.

Marsh stréum is an important component of the NERR Habitat Classification Scheme.
We classified the strata as either high or low at every sampling point. We defined strata
by the presence of algal wrack, tidal inundation and composition of vegetation. A high
stratum quadrat was assigned when algal wrack was absent, plants were of the higher
elevation composition (Rumrill, 19979nd there was little evidence of a strong tidal

inundation. A low stratum quadrat was assigned when algal wrack was present, plants
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wereof a lower elevation composition and there was evidence of tidal inundation. Marsh
strata across all sampling points are depicted in Figure 8. Marsh strata varies within
region, within site and within a given transect. Based on the mapping of matahtss
apparent that marshes are rather heterogeneous in their composition, made uplof high

points to fully submerged tidal channels.

Dominant vegetation was determined from the percent cover data at the quadrat level:
when a particular plant corexl 50 percent or more it was assigned as the dominant
vegetation. Dominant vegetation across all regions is illustrated in Fig@ar@xspp.

is dominant in te upper reaches or the riveddeminated portion of several regions.
Salicornia virginicais dominant in the lower euhaline and polyhaline sections of
particular regions.Triglochin maritimumappears to be rather patchy in its distribution
throughout the bay.

Based on data collected and the habitat maps generated, each region is fairly
heter@eneous in its composition of salinity, marsh type, marsh strata and dominant
vegetation. Within region there is salinity stratification and patches of broad and or
compressed marshes. Vegetation and marsh strata appear to vary within and across the
mard. The additional environmental variables were determined for each sampling
point: dominant substrate, overlying substrate (% cover), air temperature (C), sediment
temperature (C), slope (degrees). Further statistical analysis of environmental structure

will follow in the mechanisms of distributicsection.
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Figure 6: Salinity zones lnggionacross the Coasstuary
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Figure 7: Marsh ype oftransectsampledacross the Cooestuary
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