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Executive Summary  
 

Assiminea parasitologica is a small intertidal estuarine mesogastropod snail native to 

Japan.  This species was first documented in the Coos Bay Estuary, Oregon in June of 

2007.  The discovery of this new non-native species in the Coos Estuary catalyzed a 

summer 2008 expedition lead by Dr. James T. Carlton and colleagues to search for A. 

parasitologica in estuaries in Oregon and Washington.  The aforementioned work 

generated the basis for this study; to conduct a systematic baseline survey of the 

distribution, ecology, and life history of A. parasitologica in Southern Oregon Estuaries. 

 

The arrival of Assiminea parasitologica (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 Bay.  Several species of small brackish water 

mesogastropods currently inhabit the intertidal zone of the Coos Estuary, including the 

native Angustassiminea californica (AC) and Littorina subrotundata (LS), and non-native 

Myosotella myosotis (MM).  The potential of this new invader to interact with or displace 

existing mesogastropods directed this study to collect baseline data on these four species 

of snails. 

 

The primary goal of the study was to obtain a current (2009) snap shot of the status of 

Assiminea parasitologica in Pacific Northwest Estuaries.  The project focused on 

characterizing: 1) the abundance, distribution and habitat used by AP in the Coos Bay 

Estuary 2) the reproductive biology of AP in the Coos Bay Estuary 3) the distribution of 

AP in Pacific Northwest Estuaries. 

 

The surveys to determine the distribution, abundance and habitat use of AP in the Coos 

Estuary employed a two-tiered sampling strategy:  (1) 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 Detailed Assessment 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.  
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The primary goals of the Rapid Assessment were to classify the habitat and create 

distribution boundaries of the new invasive and existing mesogastropod populations that 

were present. The Detailed Assessment allowed us to quantify specific snail abundances 

and further examine potential mechanisms of distribution.  

 

The environmental and/or 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.  Environmental data from areas sampled were grouped and proved to be 

statistically different by spatial assignment. Although individual waterways had multiple 

salinity zones, each region of the estuary (consisting of several waterways) had a 

dominant zone.  This dominant salinity zone may have been the main component to the 

unique signature of each region.  

 

The tidal marsh habits of the Coos Estuary are 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 encroachment or alteration by transportation 

infrastructure.  The result is that today waterways of the Coos Estuary support a mix of 

broad and compressed marshes.  The combination of land use and topography along an 

individual waterway typically resulted in one marsh type dominating that waterway.  All 

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 vegetation vary within an individual marsh of the Coos 

Estuary.  As the marsh topography changes so do the salt marsh plants; exhibiting classic 

salt marsh vegetation stratification.   

 

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

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

marshes of the Coos estuary.  The species-specific snail distribution, relative abundance, 

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

habitat types with specific species strongly suggest that all four snail speciesô distribution 

patterns are dictated by species-specific responses to environmental factors.  Of all the 
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factors measured in this study, salinity appears to be 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 new invader was 

found in highest concentration at the Isthmus Slough (approximately 750 snails per 

0.5m
2)

 compared to any other area of Coos Bay and in polyhaline-dominated waters.  

However, AP also persisted in a wide range of salinity regimes.  AP was found across 

marsh types, marsh strata, and vegetation.  

 

According to the data generated from this study, AP 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 tolerate a wide range of salinity regimes.  AP and AC had 

similar patterns of abundance and distribution across the estuary and appear to be able to 

persist in a variety of habitats.  LS and MM were found in much lower numbers than AP 

or AC across the estuary.  The data suggests that LS is more persistent in a euhaline-type 

habitat, with low marsh topography and vegetation.  MM, although low in total numbers, 

was widely distributed and occupied a variety of habitats. 

 

This is the first study to collect baseline data on the abundance and species-specific 

habitat correlations of these Snail Guild species.  Therefore, assessing or determining 

change in the existing populations of AC, LS and MM was not possible.  Although there 

are biases in the design toward the collection of AP and high variation between plots, the 

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 estuary and possibly displace already-existing 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 low in comparison to AP. 
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Questions about A. parasitologicaôs reproductive biology arose quickly after this non- 

native species was found in Oregon.  At the time Assiminea parasitologica was detected 

in Oregon, very little was known about the reproductive biology of A. parasitologica in 

Japan.  Live A. parasitologica collected in the Coos Estuary were brought to the Oregon 

Institute of Marine Biology in Charleston for observation; AP was observed to lay egg 

capsules in the sediment from which planktonic larvae hatched out as veligers (James T. 

Carlton, pers. comm., 2008).   

 

Until recently only two of the Japanese Assimineidsô reproductive biology had been 

examined, Assiminea hiradoensis and Angustassiminea castanea both of which have 

planktonic larvae.  Our primary goal was to gain any further information, either 

qualitative or quantitative about the reproductive strategy of AP.  We examined the 

gametogenic activity of select populations of AP within Coos Bay to investigate the 

seasonality of this organismôs reproductive cycle.  We were curious to know if the 

gametogenic activity of AP was synchronous across the Coos Bay population.  It was 

found that AP is broadly synchronous across Coos Bay with active egg production in 

June-July and ovary content steadily declining 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 documented in August. 

  

In order to assess the distribution and possible invasion of AP in other Pacific Northwest 

Estuaries we conducted presence/absence surveys of shoreline habitats for AP and other 

mesogastropod snails in the Umpqua, Smith, Siuslaw and Willapa systems. 

 

Carlton et al. (2008) detected AP in three Oregon estuaries in 2008.  We detected AP in 

five Pacific NW estuaries in 2009.  Two estuaries with newly detected populations, the 

Coquille and Smith, are rather small waterways that do not experience commercial boat-

based shipping traffic.  These waterways do however experience relatively high levels of 

recreational fishing and boating traffic.  Although not experimentally examined, these 
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findings support the hypothesis that AP is being transported to other estuaries via human 

equipment.  

 

This study successfully met the objective of collecting baseline data on a recently 

detected invasive species.   The data generated here reveals that A. parasitologica has 

successfully invaded the Coos Bay estuary, inhabits a wide breadth of habitats, making it 

advantageous in its invasion, reproduces on a seasonal cycle, and is expanding its 

colonization into other estuaries in the Pacific Northwest.  In addition, this study yielded 

distribution and habitat use data for the existing mesogastropod snails that occur in 

Pacific Northwest Estuaries.  We hope the information, data, and observations generated 

by this project will be of value to future studies that examine mesogastropods and habitat 

in the salt marshes of Pacific Northwest estuaries.  We believe this data will play a 

critical role as we track this model organismôs invasion of estuaries throughout the west 

coast of North America. 
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1. Introduction  

 
1.1 Project Components and Personnel 

 

Project Title: Early Detection of a new invasive mesogastropod, Assiminea 

parasitologica in Pacific Northwest Estuaries 

 

This project was funded by NOAA and administered through the Pacific States Marine 

Fisheries Commission.  The study was conducted via a cooperative agreement 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 Graybill  

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 Harris,  

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  
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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 protocols 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 including 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 analysis and interpretation.  Dr. Steven Rumrill, Research Coordinator at the South 

Slough National Estuarine Research Reserve, advised the reproductive module 

methodology, and assisted in data analysis and interpretation.  Stacy Galleher, biologist at 

the Oregon 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 snail first 

described in the Coos estuary in the summer of 2007.  Discussion with NOAAôs aquatic 

invasive species program began in late 2008. The award start date for this project was 

November 1, 2008.  Project Leader Laferriere started in March of 2009.  Field work 

started in May and continued through October 2009.  End date for the project was 

January 31, 2010. 
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 1.2 Project Foundation: Invasion History and Project Stimulus 

 

Oregonôs shallow estuaries and protected embayments are highly susceptible to 

colonization by non-indigenous 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 including rip-rap and 

docks, salt marshes, eelgrass beds, tideflats, and subtidal channels.  Moreover, intensive 

human settlement and industrial shoreline development in the Oregon estuaries that 

support deep-draft maritime traffic (i.e., Coos Bay, Yaquina Bay, Columbia River) have 

been coupled with global increases in shipping, reductions in transoceanic transit times, 

and chronic introductions of non-native species over the past century (Rumrill, 2006). 

The increased frequency of non-native species associated with ballast water transport has 

created many opportunities for non-indigenous species to invade new habitats that are 

characterized by frequent disturbance and perturbations by anthropogenic activities 

(Carlton and Geller, 1993; Ruiz et al., 1997).   

 

In particular, the Coos estuary (Coos Bay) is currently inhabited by about 80 species of 

non-indigenous 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 non-indigenous aquatic species.  The extent of 

colonization by non-native 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 the Columbia River estuary (OR-WA; Cohen and 

Carlton, 1998; Ruiz et 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 rapid-assessment survey of non-indigenous marine and estuarine 

organisms in Coos Bay (J.T. Carlton, pers. comm. July 2007), several populations of a 

small brackish-water snail were discovered in the upper mesohaline/riverine regions of 



  

 15 

the estuary 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 as Assiminea parasitologica (no common name).  Of special interest; this snail 

in its native country is host to the parasitic lung fluke, Paragonimus ohirai.  This is the 

first documented occurrence of A. parasitologica in Oregon estuaries and in North 

America.  

 

This finding catalyzed an expedition by Dr. Carlton and colleagues to seek out the 

presence of A. parasitologica in estuaries in Oregon and Washington in the summer of 

2008.  The expedition team found that A. parasitologica had invaded the Umpqua 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 larvae was observed 

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 of A. parasitologica. 

 

The new arrival of A. parasitologica 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 Bay.  Several species of small brackish water mesogastropods 

currently inhabit the intertidal zone of the Coos estuary, including the native 

Angustassiminea californica and the native Littorina subrotundata, and the non-native 

Myosotella myosotis.  All of these native and non-native gastropods graze detritus that 

accumulates within salt marshes, and empirical observations indicate that success of the 

non-native M. myosotis in the higher elevations has not resulted from competition with 

the native snails (Berman and Carlton, 1991).  However, it is not clear whether the recent 

arrival of a second non-native species (A. parasitologica) will result in interactions that 

may include competitive displacement of the native species, competition with the non-

native snail, or occupation of an un-occupied ecological niche (Byers, 2000).  The 

potential of this new invader to displace existing mesogastropods dictated the study to 
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collect baseline data on all four species.  The suite of native (Angustassiminea 

californica, Littorina subrotundata) and non-native (Assiminea parasitologica, 

Myosotella myosotis) will hereafter be referred to as the Snail Guild. (For 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 current (2009) snap shot of the status of 

Assiminea parasitologica (AP) in 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 environment of Coos Bay, Oregon (2) Correlate 

the species-specific 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 history strategy of AP.   

 

This study was divided into three parts:  1) The Main Survey of A .parasitologica in the 

Coos Bay Estuarine system.  2) Seeking the presence of A. parasitologica in other Pacific 

Northwest estuaries.  3)  Examination of the life history strategy of A. parasitologica in 

the Coos Estuary.   
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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 AP within the 

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 abundance of 

each species of the snail guild within the estuarine environment of Coos Bay, Oregon (2) 

Correlate the species-specific 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 general two-factor design of comparing 

across and among regions and marsh strata for each mesogastropod species.  Our 

sampling design was two tiered: (1) A superficial 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 known high 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 were adjacent to individual 

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 salt marsh vegetation 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 expected to support target Guild 

Snails at some population levels.  
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Figure 1:  There is no appropriate Guild Snail habitat within the Unsampled Area  

 

The Rapid Assessment Method utilized an evenly spaced grid sampling to cover the 

extent of each marsh.  Individual grids 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 on appropriate habitat. At each sampling point habitat classification, 

environmental variables and the relative abundance of mesogastropods was recorded in a 

0.5m
2 
quadrat.  The collection of relative abundance data as a methodology was chosen 

over presence/absence data so that we could perform nonparametric statistics on the 

results.  This design allowed us to systematically and rapidly (at the experimental unit 

level) sample waterways throughout the Coos Estuary.  Sites were classified into five 

regions based on 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 analyzed to identify 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 generated within each marsh.  

Points were then randomly selected using a random number table and ground-truthed 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 sampling point the 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 design, although 

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) AlaskaPak v. 2.2 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 ArcGIS-generated 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 sampling each area, boots were scrubbed down with a toilet bowl brush to 

prevent transferral of 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 transect or waypoint was excluded if: (1) the waypoint was in non-suitable 

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 and Environmental 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 amalgamation of the NERRS Habitat and Land 

Use Classification System (Appendix 9.4) and the state of Oregonôs current Estuary 

Habitat Classification system ( Appendix: 9.3). We utilized these two classification 

systems in developing our sampling design so that we would be able to classify each 

waypoint in accordance with repeatable standards.  We chose additional environmental 

variables (modifiers) that were qualitatively or quantitatively recorded for each sampling 

event.  At the sampling point variables were measured over a 0.5m
2
 quadrat 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 Detailed Assessment (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 and anthropogenic 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 

(determined by feel whether it was composed of sand, mud, or a mixture of the two= 

Smud), marsh strata classification (high or low), and the presence of algal wrack and tidal 

channels.  Over a 0.5m
2
 area, we documented percent cover of: salt marsh vegetation, 

separated by species, and the overlying substrate separated into the following categories: 

gravel, cobble, bark, flotsam and decayed plant material.  
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2.3.2 Rapid and Detailed Assessments 

 

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

sampling across the Coos Bay Estuary salt marshes. 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 were salt marsh 

vegetation and rocky riprap that would provide suitable habitat for Guild Snails.  Using 

handheld GPS units, we navigated to a waypoint, sampled environmental variables for 

habitat classification (described above), and sampled biological variables that 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 randomly chosen 

for examination of target organisms, the quadrat was examined for a period of two-three 

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=1-10, Common=11-100, 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 analysis. One DAM sampling site was 

chosen per region: Haynes Inlet, Kentuck Inlet, Coos River North, Isthmus Slough and 

South Slough.  Site-specific RAM data was used to generate polygons that encompassed 

known areas of known high AP abundance. Within polygons, random waypoints were 

generated, waypoints were randomly assessed for marsh strata and sampled until ten high 

marsh and ten low marsh points had been sampled, yielding twenty DAM sampling 

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

 

Our objectives at a DAM site were two-fold: (1) to replicate our RAM effort and (2) to 

extract snails for absolute identification and biometrics in the laboratory.   A 0.5m
2 
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quadrat was placed on to the substrate at the waypoint and the RAM was replicated 

including the relative abundance measurements.  In a randomly chosen 0.025m
2 
sub-

quadrat, all snails and materials were removed from the plot, packaged, and taken 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 biological and 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 the data; relative abundance 

categories (absent, rare, common and abundant) were 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 vegetation. 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 sub-quadrat area (0.0025m2) to the standard quadrat area (0.5m2), 

which generated a 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
®
 (v. 6.1) to examine patterns of 

environment and snail abundance across and among regions and salinity zones.  Multi -

Dimensional Scaling plots with ANOSIM post-hoc analysis were developed from 

Euclidean distance resemblance matrices (normalized environmental variables) to 

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 individual species 

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, South, East, 

West and Central (Figure 3).  Grids 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.  

 

Figure 3:  Rapid Assessment regions across the Coos estuary 
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Figure 4: Excluded and sampled transects in the Rapid Assessment of the Coos estuary 
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Figure 5: Reasons for transect exclusion during Rapid Assessment 

 

 

Habitat maps of the five regions sampled by RAM show the similarities and differences 

across regions for each habitat characteristic (Figures 6-9).  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 represents 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 (31-35), Polyhaline (19-30), Mesohaline (6-18) and Oligohaline (0.5-5).  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 wide salinity range, from euhaline-dominated regions to sites with 

oligohaline conditions.  Examining within region reveals that each region is not 

homogenous and is often composed of one or more salinity zones.  As expected, salinity 

zonation is often stratified along the estuarine gradient of a given waterway.   The West 

and the North regions are 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 the oligohaline zone.  

 

Marsh type was defined as broad or compressed.  Marsh type is not currently part of 

either the NERR or Oregon Habitat Classification systems used 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 Figure 7.  Marshes 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 stratum 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, 1997), and 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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were of 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 marsh strata it is 

apparent that marshes are rather heterogeneous in their composition, made up of high, dry 

points to fully submerged tidal channels. 

 

Dominant vegetation was determined from the percent cover data at the quadrat level: 

when a particular plant covered 50 percent or more it was assigned as the dominant 

vegetation.  Dominant vegetation across all regions is illustrated in Figure 9.  Carex spp. 

is dominant in the upper reaches or the riverine-dominated portion of several regions.  

Salicornia virginica is dominant in the lower euhaline and polyhaline sections of 

particular regions.  Triglochin maritimum appears to be rather patchy in its distribution 

throughout the bay. 

 

Based on data collected and the habitat maps generated, each region is fairly 

heterogeneous 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 

marsh.   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 distribution section. 
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Figure 6:  Salinity zones by region across the Coos estuary 
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Figure 7:  Marsh type of transects sampled across the Coos estuary 


