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ABSTRACT 

 Nuttallia obscurata, or the purple varnish clam, is a non-native species that has 

spread recently and rapidly in the coastal Northeastern Pacific.  Attempts at commercial 

marketing have largely failed.  This is in contrast to Venerupis philippinarum, the Manila 

clam, which was accidentally introduced to the region in the 1930s but is now very important 

to commercial shellfish industry.  Finally, Leukoma staminea is the local littleneck clam, 

another popular edible bivalve.  These three ecologically important species were studied and 

their physiological tolerances were compared to help determine why N. obscurata is 

succeeding as an invasive species.  To study physiological tolerances, specimens collected 

from multiple field sites were used in controlled experiments with altered seawater 

temperature and salinity levels.  Gill tissue tolerance was used as a correlate for whole 

organism tolerance; thus, time to tissue death was evaluated for each species under different 

conditions.  Regressions were used to interpolate specific temperatures at which each species 

survived for 60 minutes: 41.1 °C for N. obscurata, 40.6 °C for V. philippinarum and 36.1 °C 

for L. staminea, with N. obscurata having the highest overall tolerance to high temperatures.  

Nuttallia obscurata also tolerated significantly lower salinities than the other two clams, with 

the native L. staminea having the least tolerance to decreased salinities.  In addition, excised 

gill tissue of N. obscurata survived in a wide range of salinities far longer than did V. 

philippinarum and L. staminea.  Tissue of V. philippinarum and L. staminea did not survive 

for more than 48 hours, while all N. obscurata tissue survived for 2+ weeks, even at 

extremely low salinities.  The higher abiotic tolerances of N. obscurata may well contribute 

to its success as an invasive species. 
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INTRODUCTION 

Overview 

 Every year, marine and estuarine species are introduced into United States waters; 

many have little or no ecological effect, but some have the potential to affect ecosystems, 

fisheries, human infrastructure and human health on a large scale (Padilla and Williams, 

2004; Ray, 2005).  More than 500 species of marine invaders have been established in 

coastal waters of the U.S., and impacts of invasive species are predicted to continue to grow 

as human globalization increases and more non-indigenous species are established in new 

areas (Grosholz and Tilman, 2005; Sakai et al., 2001).  The costs of marine invasive species 

in the United States have been estimated at well over $1 billion; however, because much less 

is currently known about the extent and effects of marine invasives than about their terrestrial 

counterparts, the true economic costs may be far greater (Bax et al., 2001; Pimentel et al., 

2000). 

 In the Northeastern Pacific, as in other cool-temperate coastal environments around 

the world, the number of invasive marine and estuarine species is increasing at an 

exponential rate (Ruiz et al., 2000; Wonham and Carlton, 2005).  According to Molnar et al. 

(2008), the temperate Northern Pacific Ocean has one of the highest degrees of invasion in 

the world.  More specifically, the Northeastern Pacific has the fourth highest documented 

number of harmful marine invasive species of any region on Earth, with 41 different species 

classified as those which disrupt multiple other species or wider ecosystems (Molnar et al., 

2008).  Estuarine zones along the Pacific Coast have significantly higher numbers of invasive 

species than does the open coast, due to their geologically-young age and high anthropogenic



 

2 

 

 influence (Wasson et al., 2005).  These estuarine areas have a number of different invasive 

species transport vectors.  The most common invasion pathways include shipping, 

aquaculture and shellfish and finfish imports; the majority of invaders are marine 

invertebrates, of which a large number are molluscs (Molnar et al., 2008; Ruiz et al., 2000; 

Wonham and Carlton, 2005).  Invasive species survive due to a variety of different potential 

factors, including broad physiological tolerances (Lee and Bell, 1999; Mann and Harding, 

2003; Marchetti et al., 2004; Ray, 2005).  Here, tolerance is defined as the ability to 

withstand different environmental conditions; an organism with greater tolerances can more 

easily survive environmental fluctuations while avoiding stress or death. 

 Estuarine and intertidal zones typically have greatly varying abiotic characteristics, 

including large fluctuations in temperature and salinity (Helmuth and Hofmann, 2001; Kneib, 

1984; Tomanek and Helmuth, 2002).  These large fluctuations are found in both hard-

substrate (e.g., rocky intertidal) and soft-substrate (e.g., tidal mudflat) environments (Kneib, 

1984).  Although the rocky intertidal often poses the most striking examples of abiotic 

fluctuation, soft-substrate intertidal ecosystems are also exposed to extreme and sometimes 

unpredictable abiotic variations (Kneib, 1984).  Species distribution in such soft-substrate 

intertidal environments is determined in large part by temperature and salinity, as well as 

other factors such as predation, which is also influenced by various abiotic factors (Gunter, 

1961; Seitz et al., 2001, Vernberg et al., 1963).  Organisms that can tolerate fluctuations in 

temperature and salinity will likely survive better than more limited-tolerance species in 

estuarine and intertidal zones; temperature and salinity gradients within an environment may 
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also determine species survivability (Boesch et al., 1976; Jassby et al., 1995; Peck et al., 

2004). 

Study species 

In Northeastern Pacific estuarine and intertidal areas, there are a variety of 

commercially important bivalve species, among them the native local littleneck clam, 

Leukoma staminea (formerly Protothaca staminea), and the nonnative Manila clam, 

Venerupis philippinarum.  The latter was accidentally introduced to the region in the 1930s 

and now accounts for half of hard-shell clam commercial harvest in the state of Washington, 

while the former is a favorite of amateur harvesters but is still important to commercial 

industry (Washington Department of Fish and Wildlife, 2000). 

Within the last two decades, the introduced Japanese purple varnish clam, Nuttallia 

obscurata (syn. Nuttallia olivacea), has become one of the dominant bivalves in the intertidal 

sands of coastal Oregon to British Columbia (Dudas and Dower, 2006; Ray, 2005; Roth, 

1978).  This species is native to northern Asia (Korea, China, Japan and Russia), where it 

lives in a wide range of environments, including oceanic areas, low-salinity estuaries and 

even brackish lakes (Kolpakov and Kolpakov, 2005).  Tomiyama and Ito (2006) report the 

varnish clam living in areas experiencing fluctuations from 5 to 27 °C, and from 1 to 30 PSU 

(approximately 1 to 30 ppt); in two other studies, N. obscurata was collected from Japan’s 

Gamo Lagoon, an estuary with salinities ranging from near 0 to over 30 PSU (Kanaya et al., 

2005; Kanaya et al., 2007).  The varnish clam was first reported in the northeastern Pacific in 

1991 and was likely introduced into British Columbia via ballast water (Dudas, 2005; Mills, 



 

4 

 

2002).  Since its introduction near Vancouver, B.C., it has spread rapidly, expanding over 

500 km and reaching densities of over 800 per m
2
 (Dudas, 2005). 

Specific impacts of N. obscurata on Northeastern Pacific ecosystems are still largely 

unknown, but previous research has shown that a variety of native predators prey on the 

varnish clam, potentially affecting local population dynamics (Department of Fisheries and 

Oceans, 2001).  In addition, the high densities attained by N. obscurata may significantly 

affect sediment composition and nutrient fluxes (Dudas et al., 2007).  The varnish clam 

frequently occurs on Manila clam farms and has raised industry concerns that it might 

compete with or displace the commercially-important Manila clam; however, there has so far 

been little evidence to support this (Dudas, 2005). 

Limited commercial trials were conducted with N. obscurata, marketed as the 

“Savoury Clam,” and recreational harvesting is allowed in Washington State; however, it is 

unlikely that a commercial fishery will be created in Washington in the near future, due to a 

variety of reasons (Gillespie et al., 2001; Meacham, 2008; Ray, 2005).  Larger N. obscurata 

are prone to infestation by the pea crab Pinnixia faba, which may be unappetizing to the 

consumer as well as dangerous to those with crustacean allergies (Gillespie, 1999).  Size 

limits may help curtail crab infestation, but harvesting smaller N. obscurata may lead to 

incidental harvest of undersize V. philippinarum.  It is also unknown if smaller N. obscurata 

are as marketable as larger individuals.  Vendors are hesitant to develop a market without 

assurance of a consistent supply (Meacham, 2008). 

All three bivalves – N. obscurata, L. staminea and V. philippinarum – prefer partly 

sandy, low wave-energy environments (Byers, 2005).  There are competition effects between 
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N. obscurata and V. philippinarum, with the varnish clam having a competitive advantage for 

space in the high intertidal zone and Manila clams having the advantage in the mid-intertidal 

zone (Department of Fisheries and Oceans, 2001; Yates, 1999).  It is currently unknown why 

N. obscurata has an advantage over V. philippinarum in the high intertidal, but may be due to 

superior burrowing ability, reproductive capability or abiotic tolerances (Dudas, 2005; Ray, 

2005).  It appears that N. obscurata will not displace V. philippinarum in an undisturbed 

environment, but may increase in abundance after a V. philippinarum harvest, consequently 

reducing subsequent V. philippinarum populations (Gillespie, 1999). 

 Because N. obscurata is a fairly recent arrival to the Northeastern Pacific, there has 

been little local research done on it.  Larval ecology, adult population dynamics and 

ecological interactions with native species have been investigated (Dudas, 2005; Dudas and 

Dower, 2006; Dudas et al., 2007).  Byers (2002) studied how physical habitat preferences 

mediate biotic resistance to N. obscurata invasion; Marshall et al. (2003) examined parasitic 

and symbiotic fauna present in N. obscurata.  However, no studies have examined 

temperature and salinity tolerances of adult N. obscurata.  By determining N. obscurata 

temperature and salinity tolerances, by studying interactions between temperature and 

salinity and by comparing the tolerances of N. obscurata relative to those of L. staminea and 

V. philippinarum, important information may be gained as to how temperature and salinity 

variation might influence habitat and competition of these three prevalent Northeastern 

Pacific bivalves.  In turn, this information may aid future attempts to manage and control N. 

obscurata populations and their effects on local, commercially-important species. 
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Experimental approach 

 The goal of this project was to compare temperature and salinity tolerances of N. 

obscurata, L. staminea and V. philippinarum collected from several locations in Northwest 

Washington.  Survivorship of N. obscurata gill tissue in varying salinities was also studied.  

Pilot studies were run to determine appropriate temperature and salinity ranges for each 

species.  All experiments used procedures pioneered by Vernberg et al. (1963), in which 

bivalve gill tissue is used as a proxy for the entire organism.  In these procedures, the 

organism’s gill tissue is excised and cut into strips, which are then exposed to seawater of 

controlled temperature or salinity.  Gill ciliary activity may be compared across species, sites 

and other experimental factors.  Using this approach, time until cell death can be accurately 

measured, and is indicated by total cessation of gill ciliary movement.  Gill ciliary activity 

can be considered a correlate for whole organism tolerances and provides an accurate way of 

measuring tolerance adaptation at the cellular level (Vernberg et al., 1963). 

Likewise, an organism’s lethal temperatures can directly correlate to conditions it 

experiences in its normal environment (Hodgson, 1999).  Numerous examples of this have 

been found in marine ecosystems.  Examples include multiple species of porcelain crab that 

show significant correlations between upper lethal temperature and maximal habitat 

temperature (Somero, 2002) and several Chesapeake bivalves whose lethal temperatures 

reflect habitat location and upper temperature tolerances (Kennedy and Mihursky, 1971).  

Although the lethal temperatures of our study were higher than those typically found in the 

local environment, they can therefore still be directly correlated to environmental 

temperatures and habitat preference of the three study species. 
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There were three hypotheses considered: 

 Nuttallia obscurata gill tissue will have significantly higher temperature tolerance 

than gill tissue of V. philippinarum; likewise, V. philippinarum gill tissue will have a 

higher temperature tolerance than gill tissue of L. staminea. 

 Nuttallia obscurata gill tissue will have a higher tolerance for low salinities than that 

of the other study species. 

 Nuttallia obscurata gill tissue will survive for a longer period of time in different 

salinities relative to the other study species. 

 

These hypotheses were based both on previous studies and on research suggesting 

that effective invasive species often have broad abiotic tolerances (Lee and Bell, 1999; Mann 

and Harding, 2003; Marchetti et al., 2004).  Other factors such as site were not expected to 

yield any significant differences in physiological tolerance, as a common laboratory 

acclimation period used for all three species should standardize tolerance responses. 
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METHODS 

Collection of animals and study sites 

 Based on preliminary research and availability of all three species, three Northwest 

Washington sites were selected for use in this study: Padilla Bay (48.489° N 122.483° W; 

accessed at Bay View State Park), Mud Bay (48.701° N 122.499° W; part of Chuckanut Bay) 

and Birch Bay (48.904° N 122.771° W; accessed at Birch Bay State Park) (Figure 1).  

Specimens of Leukoma staminea, Venerupis philippinarum and Nuttallia obscurata were 

collected at each site in different quantities, depending on experimental need. 

Each site was visited multiple times at low tide between July 2008 and January 2009.  

Within this time frame, three distinct experiments were run consecutively, so that clams used 

in a single experiment were collected only during a two to three month window, rather than 

spread throughout the entire seven-month period.  It was not possible to collect clams from 

all three sites in a single day, but efforts were made to collect from the three sites during a 

tidal cycle.  Clams were collected using shovels and hands, and were typically found in the 

top 15 cm of substratum.  Upon removal, the clams were placed in a bucket containing 

enough seawater to provide a covering layer.  The specimens were then brought back to 

Western Washington University and were rinsed under cold tap water to remove any 

standing mud and debris, after which they were placed into aerated 10-gallon laboratory 

aquaria maintained at 15 °C at approximately 30 ppt salinity.  Aquaria were filled with 

unfiltered seawater collected at Shannon Point Marine Center in Anacortes, WA. 

During each collection, several environmental parameters were recorded at each site.  

For the first few collections, the approximate distance from shore at which each clam species 
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was found was recorded using transect tape; further collections at the same site always took 

place in the same general area.  It was impossible to determine specific tidal heights at all 

three sites, so distance to shore was recorded to get relative location estimations for the three 

species.  Shore was self-defined as the apparent high tide line.  Average clam depth in the 

substratum was estimated using a ruler as visual aid.  Substratum temperature was recorded 

when possible by inserting a temperature probe into the substratum at the approximate depth 

and location of each species at each site.  Air temperature was recorded at approximately one 

meter above ground.  General observations about weather conditions and substratum were 

recorded at every collection site.  Finally, two pore water samples were collected from each 

species’ collecting area and were brought back to the lab.  They were later centrifuged at 

2500 rpm for 6 minutes using an IEC Centra CL2 centrifuge to separate out any solid debris, 

after which the water samples’ salinities (parts per thousand) were determined using a 

salinity refractometer (RHS-10ATC, Tianjin City Taisite Instrument Co., Ltd). 
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Figure 1: Map of Northwest Washington state displaying all three study sites.  From north to 

south, sites are Birch Bay, Mud Bay and Padilla Bay.  Source: Stefan Freelan, Huxley 

College, WWU. 
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Gill tissue assay 

All clams were maintained in 15 °C temperature-controlled seawater aquaria with 

pump and filter for 5-7 days, in order to ensure laboratory acclimation.  Previous studies with 

other salt water molluscs have shown that significant acclimation occurs within 3-5 days 

(Vernberg et al., 1963).  Thus, a five day acclimation period was assumed to be enough time 

to account for any temporal or spatial environmental differences between collection times.  

Aquaria typically contained 20-60 clams of multiple species, resting on the glass bottom of 

the tank.  Clams were not fed prior to experimental trials. 

 To determine gill ciliary activity, haphazardly-selected clams were removed from the 

collected population.  Figure 2 provides a diagram of the gill excision procedure used in all 

experiments.  The clams were opened by inserting a blunt scalpel between the valves and 

cutting both adductor muscles.  The gills were removed with scissors and probe, and then 

placed in individual Petri dishes, one clam per dish.  Using a razor blade and scalpel, the gills 

were cut into ~1-2 mm wide strips, running along the length of the gills, with terminal gill 

cilia at one end of each strip.  This yielded approximately 20-30 total gill pieces per clam, 

which were then ready for further experimentation.  All three species were the same general 

size and yielded similar sized and shaped gill tissue strips.  In addition, the shell length (in 

millimeters) of each clam was recorded using calipers, where length was considered the 

longest distance of the shell from anterior to posterior. 
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Figure 2: Diagram of gill tissue excision procedure.  Clockwise from upper left: 1) Clam 

removed from acclimation aquaria.  2) Clam cut open with scalpel; tweezers and 

scissors used to isolate and remove each of four gill lobes per individual.  Two lobes 

are indicated in upper right photo.  3) Gill lobes are spread out in petri dish.  4) Gills 

cut into strips using razor blade and scalpel.  Technique averages 20-30 gill pieces per 

clam. 
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 After exposure to seawater of varying temperature or salinity (described below), 

pieces of gill tissue were removed and observed under a compound light microscope at 

magnifications of 40, 100 and 400x.  Terminal cilia activity was observed and rated on a 

qualitative scale, with 3 being most active and 0 being completely inactive, as described by 

Vernberg et al. (1963). 

 

Temperature tolerance 

Appropriate experimental temperature ranges for each species were determined by a 

preliminary study.  Three different temperatures per species were chosen for which the gill 

cilia activity lasted longer than approximately 15 minutes and less than approximately two 

hours.  The temperatures established for L. staminea gill tissue were 35 °C, 35.5 °C and 36 

°C; temperatures for V. philippinarum gill tissue were 40 °C, 40.5 °C and 41 °C; and 

temperatures for N. obscurata gill tissue were 41 °C, 41.5 °C and 42 °C.  These temperatures 

produced a common time frame for isolated gill cilia to survive, over which the three clam 

species could be compared. 

For the temperature tolerance experiment, five clams from each of the three species 

collected from each of the three sites were tested at each temperature, with 135 total clams 

used.  Most clams for this experiment were collected in July and August 2008; two L. 

staminea were collected in November 2008.  Individual clams were haphazardly selected 

from the laboratory aquaria and assigned to different temperatures.  To determine the 

temperature tolerance of gill tissue of the three bivalve species, multiple temperature-

controlled water baths were used with one or two 500 ml Erlenmeyer flasks containing 
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approximately 200 ml seawater suspended in each bath (Figure 3).  VWR Brand 

thermometers precise to 0.01 °C were used to monitor the water bath temperature.  All gill 

pieces from each individual clam were placed into an Erlenmeyer flask, with only one clam’s 

gill pieces going into each flask.  Flasks were stoppered to prevent evaporative water loss and 

were submerged into the bath. 

At approximately five-minute intervals, one gill strip from a flask was removed via 

pipette, placed onto a slide and observed under a compound microscope.  Ciliary movement 

was observed and rated on the 0-3 qualitative scale.  After observation, the gill piece was 

discarded.  After each time interval, another gill strip from the flask was removed and 

observed.  For temperatures at which the organism was expected to survive for a relatively 

long period of time, initial time intervals were longer than five minutes in order to maintain 

enough gill pieces to continue the experiment to its conclusion.  When ciliary activity began 

to decline, the frequency of observations was increased until all cilia were inactive.  Upon 

finding no active cilia, at least two more gill pieces were removed and observed to ensure 

tissue death across multiple gill pieces.  Finally, survival time in minutes was recorded.  

Multiple water baths with multiple Erlenmeyer flasks were often running at the same time; 

gill pieces were placed into their respective flasks at staggered start times to facilitate 

observation and measurement. 

Two-way ANOVAs run with the statistical program SPSS, versions 15.0 and 16.0, 

were used for data analysis.  Time to death per water bath was used as the dependent 

variable; if a water bath contained two separate Erlenmeyer flasks, the data from each flask 

were averaged to provide one datum per bath.  This yielded 28 data points for L. staminea, 27   
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Figure 3: A picture of the temperature-controlled water baths used in the experiment: 1) 

Water bath; 2) Erlenmeyer flask suspended in water bath; 3) Air stone to circulate 

water and ensure even temperatures; 4) Water heater with looped heating coil resting 

on bottom of water bath, linked to 5) Thermoregulator; 6) External thermometer to 

allow temperature adjustments. 
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data points for V. philippinarum and 27 data points for N. obscurata.  Site and temperature 

factors were analyzed, as well as site-temperature interactions.  Clam length was also 

analyzed as a covariate.  In addition, the data was natural log transformed and regressions 

were run to yield linear equations for each species, allowing for direct comparisons between 

the three species. 

 

Salinity tolerance 

 To test the tolerance of the three clam species to a range of salinities, baths with 

different salinities were created by mixing seawater (~30 ppt) with de-ionized water while 

using a refractometer to attain salinity levels to a precision of ~0.1 ppt.  Salinities of 30, 20, 

10, 5, 3 and 1 ppt were used.  Water was then stored in 2 liter flasks in a 10 °C cold room for 

at least 24 hours in order to attain temperature equilibrium.  Discrepancy between 

acclimation at 15 °C and experimentation at 10 °C is due to lack of space and inadequate 

cold room facilities; it was estimated that this should not significantly affect experimental 

results. 

 Clams for this experiment were collected in October and November 2008.  Eighteen 

haphazardly-selected clams of each of the three species were removed from the laboratory 

aquaria after at least five days of acclimation time.  Three clams from each of the three 

species collected at each of the three sites were used in each of the six salinities, with 162 

total clams used.  Gill pieces were removed from each clam and placed into 18 individual 

500 ml Erlenmeyer flasks filled with approximately 200 ml of the temperature-equilibrated 

water, with three flasks per salinity.  Gill pieces were then placed into each flask using a 
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pipette, with all gill pieces from one individual clam going into an individual flask.  All 

Erlenmeyer flasks were stoppered and held in a 10 °C cold room for 24 hours, after which 

multiple gill pieces from each flask were removed and observed.  Gill ciliary activity levels 

were recorded on the same qualitative scale (0-3) used in the temperature experiments.  

Ciliary activity levels of each gill piece observed from one clam were averaged, yielding one 

value per individual clam at that salinity. 

Three-way ANOVAs run with the statistical program SPSS, versions 15.0 and 16.0, 

were used for data analysis.  Site, species and salinity factors were analyzed, as well as site-

species, site-salinity, species-salinity and site-species-salinity interactions, with ciliary 

activity level as the dependent variable.  Clam length was also analyzed as a covariate. 

 

Long-term survivorship 

 To determine the length of time that gill tissue from N. obscurata can survive at 

different salinities, N. obscurata (n = 18) were collected from Mud Bay in February 2009 and 

acclimated for approximately five days.  Nuttallia obscurata gill tissue was then removed, 

isolated and placed into Erlenmeyer flasks containing 200 ml of water at a range of salinities 

(30, 20, 10, 5, 3 and 1 ppt; 3 clams per salinity) as described above.  Each week, several gill 

pieces from each individual were removed and observed, and ciliary activity levels were 

recorded.  Once one gill piece was observed, it was removed from the experiment and 

discarded.  Ciliary activity was checked once per week, with observation of gill pieces in 

each flask continuing for one week after cessation of ciliary activity in that specific flask; 
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ciliary cessation was confirmed by checking multiple tissue pieces for any sign of activity.  

There was no statistical analysis of the survivorship experiment, only qualitative description. 
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RESULTS 

Site parameters 

Ambient temperatures at the three sites differed across time.  When the date of 

collection was included as a covariate in an analysis of sediment temperature across site and 

species location, no significance of site (F1,36 = 0.934, p = 0.340; ANCOVA) nor species 

location within a site (F1,36 = 0.011, p = 0.917; ANCOVA) was found.  Since collection date 

was most likely a source of significant variation of on-site temperature sampling, further data 

analysis involving temperature used a combined data set from all three sites.  Within species, 

no two species were found to significantly differ with respect to sediment temperature 

recorded (Tukey HSD).  General descriptive statistics for each site can be found in Table 1. 

Significant differences were found among sites with respect to salinity (F2,39 = 

14.616, p < 0.001; ANOVA), but not among species (F2,39 = 1.953, p = 0.155; ANOVA).  

Including date of collection as a covariate had no effect; site remained significant (F2,38 = 

12.783, p < 0.001; ANCOVA) while species location was not significant (F2,38 = 2.083, p = 

0.139; ANCOVA).  Mean pore water salinity of Padilla Bay was 27.6 ± 0.5 ppt, Mud Bay 

was 24.9 ± 0.5 ppt, and Birch Bay was 28.9 ± 0.6 ppt (error represents one standard error).  

More specifically, Mud Bay salinities were significantly lower than those of the other two 

sites (p = 0.001 with Padilla Bay, and p < 0.001 with Birch Bay; Tukey HSD), while salinity 

at the other two sites did not significantly differ from each other (p = 0.214). 
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Table 1: Descriptive measures taken at each study site on multiple collection days.  

Approximate intertidal locations are self-defined.  Temperatures were not taken on 

every collection trip.  Collection depth and salinity measurements were taken on 

every collection trip.  Error represents ± one standard error. 

 

Birch Bay 
Approximate 

intertidal location 

Average 
collection depth 

(cm) 

Average sediment 
temperature 

 (°C) 

Average 
pore water 

salinity (ppt) 

L. staminea mid intertidal 12.7 ± 2.5 14.5 ± 0.2 29.8 ± 0.5 

V. philippinarum mid-high intertidal 8.3 ± 1.9 16.4 ± 0.1 28.9 ± 1.0 

N. obscurata high intertidal 10.8 ± 0.6 17.5 ± 0.4 28.0 ± 1.4 

Mud Bay         

L. staminea mid intertidal 14.8 ± 1.9 17.3 ± 1.5 25.8 ± 2.6 

V. philippinarum mid intertidal 13.6 ± 2.6 17.3 ± 1.5 26.0 ± 2.8 

N. obscurata high intertidal 8.5 ± 3.2 18.3 ± 2.5 22.9 ± 2.7 

Padilla Bay         

L. staminea mid intertidal 6.7 ± 4.5 17.9 ± 0.9 27.9 ± 1.1 

V. philippinarum mid intertidal 10.8 ± 0.9 17.8 ± 0.9 26.6 ± 2.6 

N. obscurata high intertidal 12.1 ± 2.7 17.8 ± 0.2 28.2 ± 1.3 
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Temperature tolerance 

Each species experienced a decline in survival time as temperature increased.  

Temperature significantly affected time to death of L. staminea (F2,19 = 64.580, p < 0.001; 

ANOVA), V. philippinarum (F2,18 = 24.077, p < 0.001; ANOVA) and N. obscurata (F2,18 = 

46.500, p < 0.001; ANOVA; Figure 4).  In addition, within the three-temperature range used 

for each species, each temperature yielded significantly different times to death (p ≤ 0.025 

for all three species; Tukey HSD). 

The temperature tolerances of the three clam species could not be statistically 

compared to each other due to different temperature ranges for each species.  However, 

Figure 4 allows a visual comparison by plotting results of all species on the same graph.  

Regressions were used to calculate equations for each species, using the formula ln(s) = y0 + 

m*t (Table 2), where s represents survival time, y0 represents the y-intercept, m represents the 

slope and t represents temperature.  A single time value can then be input into each equation, 

yielding the temperature at which each species can survive for that specific length of time 

(Table 2).  Thus, using regression gives a convenient comparison between the three species.  

Subsequent data interpolation showed that N. obscurata can survive for 60 minutes at the 

highest temperature (41.1 °C), V. philippinarum can survive at 40.6 °C for 60 minutes and L. 

staminea can last 60 minutes at 36.1 °C. 
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Figure 4: Natural log of survival time in minutes of each species at temperatures ranging 

from 35.5 °C to 42 °C.  Each data point represents the natural log of an average time 

to death for all gill tissue in a water bath, not per individual clam.  The results from 

all sites were combined.  Regression lines (Table 2) are surrounded by 95% 

confidence intervals. The ln(60 minutes) line provides a visual representation of the 

interpolations in Table 2. 
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Table 2: Regressions calculated for each study species, where s represents survival time in 

minutes and t represents temperature in degrees Celsius.  The column at farthest right 

shows the interpolated temperature at which gill tissue of each species can survive for 

60 minutes. 

 

Species Equation r
2
 

Temperature at a 

survival time of 60 min 

L. staminea ln(s) = 50.3 - 1.28*t 0.74 36.1 

V. philippinarum ln(s) = 38.6 - 0.85*t 0.74 40.6 

N. obscurata ln(s) = 38.6 - 0.84*t 0.78 41.1 
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Figure 5 shows the correlations between clam length and time to death; clam length 

was examined as a covariate and found to be non-significant for each species (L. staminea: 

F1,18 = 0.988, p = 0.333; V. philippinarum: F1,17 = 1.385, p = 0.255; N. obscurata: F1,17 = 

0.166, p = 0.689; ANCOVA).  Clam lengths of L. staminea averaged 45.0 ± 6.0 mm, lengths 

of V. philippinarum averaged 47.3 ± 4.8 mm and lengths of N. obscurata averaged 49.2 ± 4.9 

mm (error represents one standard deviation). 

Collection site was also found to be non-significant with respect to temperature 

tolerance of each species (L. staminea: F2,19 = 1.870, p = 0.181; V. philippinarum: F2,18 = 

0.685, p = 0.517; N. obscurata: F2,18 = 1.658, p = 0.218; ANOVA). 
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Figure 5: Correlations between time to death and clam length.  Each data point represents one 

individual.  Correlation coefficients listed at right of corresponding lines. 
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Salinity tolerance 

 Salinity significantly affected gill ciliary activity levels after 24 h of exposure to 

different salinities (F5,108 = 85.705, p < 0.001; ANOVA; Figure 6), with activity levels 

dropping consistently with salinity decline.  Differences among collection sites (F2,108 = 

4.749, p = 0.011; ANOVA) and species (F2,108 = 243.122, p < 0.001; ANOVA) were also 

significant.  There were also significant interactions between species and salinity levels 

(F10,108 = 22.038, p < 0.001; ANOVA), site and salinity levels (F10,108 = 2.549, p = 0.008; 

ANOVA) and site and species (F4,108 = 3.770, p = 0.007; ANOVA). 

 Species-salinity interactions were supported by Tukey HSD post-hoc tests, which 

revealed that all three species significantly differed from each other with respect to gill 

ciliary activity in the different salinities (p < 0.001 for all three species).  Padilla Bay 

individuals yielded significantly higher ciliary activity levels at lower salinities than 

individuals taken from the other two sites.  Ciliary activity levels from Padilla Bay specimens 

differed from those of Birch Bay (p = 0.038) and those of Mud Bay (p = 0.016); Birch Bay 

and Mud Bay individuals did not have significantly different ciliary activity levels with 

respect to salinity (p = 0.944).  Figure 7 shows the gill ciliary activity levels of each species 

(L. staminea, V. philippinarum and N. obscurata, respectively) by site and salinity. 

Figure 6 shows that on the whole, L. staminea gill tissue was least able to survive in 

lower salinities, followed by tissue of V. philippinarum.  Leukoma staminea gill cilia begin 

dropping in activity level at salinities of 20 ppt and below, while V. philippinarum gill cilia



 

27 

 

 

Salinity (ppt)

30 20 10 5 3 1

A
c
ti
v
it
y
 l
e
v
e
l

0

1

2

3

4

L. staminea

V. philippinarum

N. obscurata

 
Figure 6: Gill ciliary activity levels after 24 h of exposure to environments of varying 

salinity.  Activity level is from 0-3, where 3 is fully active and 0 is total death.  Error 

bars represent ± one standard deviation (n = 9 per bar; 3 per salinity level per site per 

species).  Data from all sites have been combined in this figure. 

 

 

  



 

28 

 

 

Salinity (ppt)

30 20 10 5 3 1

A
c
ti
v
it
y
 l
e
v
e
l

0

1

2

3

4

Birch Bay

Mud Bay

Padilla Bay

 

A
c
ti
v
it
y
 l
e
v
e
l

0

1

2

3

4

 

Salinity (ppt)

30 20 10 5 3 1

A
c
ti
v
it
y
 l
e
v
e
l

0

1

2

3

4

 
Figure 7: Gill ciliary activity levels after 24 h exposure to environments of varying salinity, 

with distinct results from each site shown (n = 3 per bar).  Error bars represent ± one 

standard deviation. 
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activity decreases starting at approximately 10 ppt salinity.  This is in stark contrast to N. 

obscurata gill tissue, which consistently survived with little or no reduction in ciliary activity 

levels at all salinities tested. 

 Clam length was examined as a covariate and found to be non-significant for all three 

species (L. staminea: F1,35 = 1.314, p = 0.259; V. philippinarum: F1,35 = 2.825, p = 0.856; N. 

obscurata: F1,35 = 0.922, p = 0.344; ANCOVA).  Clam lengths of L. staminea used in the 

salinity studies averaged 42.1 ± 5.3 mm, lengths of V. philippinarum averaged 45.1 ± 4.3 mm 

and lengths of N. obscurata averaged 44.9 ± 3.9 mm (error represents one standard 

deviation). 

 

Survivorship of gill tissue over time 

Preliminary studies found that gill tissue of L. staminea and V. philippinarum 

consistently died within 48 hours of exposure to the salinities used in these experiments.  All 

gill pieces from N. obscurata, however, survived with no decline in activity level for at least 

two weeks in each salinity treatment (1-30 ppt).  Many gill pieces survived for a month or 

more.  Gill tissue death in this experiment was due to invasion by ciliated microorganisms, 

which eventually consumed most of the gill pieces.  All but one sample died or were 

consumed by ciliates by the seventh week of the experiment.  The remaining sample 

remained at the highest activity level for nine weeks at 5 ppt salinity before being consumed 

by ciliates.  This ciliate invasion and consumption of the gill pieces allows no statistically 

significant analysis of the data; however, observations through the course of the experiment 
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suggest no real difference in gill ciliary survivorship or activity level due to salinity variation, 

at least within the time span of this experiment. 
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DISCUSSION 

Broad physiological tolerances 

 Nuttallia obscurata gill tissue had significantly greater tolerance to higher 

temperatures and to lower salinities than did the two other bivalves, Venerupis philippinarum 

and Leukoma staminea.  Because gill ciliary activity is an accepted correlate of whole 

organismal tolerance (Karpenko and Ivanovsky, 1993; Stevens, 1987; Vernberg et al., 1963), 

it is apparent that N. obscurata can survive in a much wider range of temperature and salinity 

conditions.  Likewise, the remarkable long-term survivorship of N. obscurata gill tissue was 

demonstrated by its ability to survive in a wide range of salinities for a period of time tenfold 

that of the other two study species.  This extreme hardiness in conditions of high temperature 

as well as low salinity most likely contributes to N. obscurata’s great success as a marine 

invasive species in the Northeastern Pacific. 

 

Temperature 

 Results from the temperature experiment support the hypothesis that N. obscurata gill 

tissue would have higher temperature tolerance than gill tissue of V. philippinarum and of L. 

staminea.  In addition, V. philippinarum gill tissue did indeed have a higher temperature 

tolerance than that of L. staminea.  Interpolations generated with the experimental data that 

yield a temperature at which each study species dies after 60 minutes of temperature 

exposure suggest that N. obscurata can survive higher temperatures than can V. 
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philippinarum and L. staminea.  Within a species, temperature increases lead to significant 

decreases in gill tissue survivorship. 

 Past studies have shown both that gill ciliary activity can be considered a good 

correlate for whole organismal tolerance (Vernberg et al., 1963), as well as that the lethal 

temperatures of a marine organism can directly correlate to normal environmental conditions 

(Hodgson, 1999; Kennedy and Mihursky, 1971; Somero, 2002).  Vernberg et al. (1963) 

found that three North Carolina marine bivalves have a high positive correlation between 

whole animal and gill ciliary response to different salinities.  Kennedy and Mihursky (1971) 

found that lethal temperatures of several Chesapeake Bay bivalves corresponded to vertical 

distribution in the benthos.  A review by Hodgson (1999) reports on evidence that some 

siphonariid limpets living in higher, more exposed areas are more tolerant of higher 

temperatures than species in the lower intertidal.  Finally, a review by Somero (2002) 

discusses evidence from a range of studies demonstrating correlation between resistance to 

high temperature and vertical distribution.  Thus, clams that reside in shallower substrata are 

likely exposed to more heat and consequently have a higher temperature tolerance than those 

which live in deeper, cooler layers. 

A similar effect may be occurring with the three bivalve species in the present study.  

Although there were no obvious differences between the recorded depths of each species in 

the substratum in this study, the three species were often located in different areas of the 

intertidal zone.  The invasive N. obscurata was typically found higher up in the intertidal, the 

native L. staminea was generally found the lowest, and V. philippinarum was usually either 

mixed in with L. staminea or slightly higher in the intertidal.  Those individuals living at 
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lower areas in the intertidal zone are consequently covered by water for a greater percentage 

of time than those at higher levels, and would therefore not have to tolerate as much 

temperature fluctuation.  This corresponds directly to results showing that N. obscurata, 

which lives at the highest levels, has the highest temperature tolerance, while the lower-

dwelling L. staminea has the lowest temperature tolerance. 

 The three study species also often differed in the types of sediment in which they 

were found.  At the study sites located in Mud Bay and Padilla Bay, L. staminea and V. 

philippinarum were both found living directly in the intertidal mud flats, while most of the N. 

obscurata were living in the gravel-sand substratum located at the upper edge of the 

intertidal.  These different environments may also have different temperature fluctuations – 

the thicker, denser mud may maintain a more constant temperature than the more porous 

gravel substrate. 

In Birch Bay, all three species were collected in gravel-sand substrate; however, again 

most N. obscurata were found higher up in the intertidal zone than were the other two 

species.  Despite the environmental differences of Birch Bay compared to Mud Bay and 

Padilla Bay, there were no significant site-to-site differences in temperature tolerance of the 

three species.  This is likely due to the fact that water temperature is fairly standard 

throughout the Georgia basin, and that the pre-experimentation lab acclimation period was 

sufficient to remove any site-based temperature tolerance differences. 

In addition, Kolpakov and Kolpakov (2005) found that a population of N. obscurata 

living in a brackish lake responded to seasonal variations in temperature by moving to 

different depths within the substratum.  During cooler winter temperatures, the purple varnish 
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clams burrowed deeper within the ground, while during the warmer summer, they moved to 

the surface.  My study did not focus on seasonal changes in burrowing depth; however, 

personal observation during seven months’ worth of collecting suggests that some burrowing 

variation was present.  Populations of N. obscurata, especially individuals from Mud Bay, 

which was used as a collection site in both summer and winter months, tended to be deeper 

during colder, winter temperatures.  In addition, Byers (2002) found that the ability of N. 

obscurata to burrow deep in the intertidal substratum helped the clams withstand crab 

predation pressure.  This ability may very well aid in withstanding a range of temperatures, 

as well. 

 It is likely that temperature thus plays an important role in the spatial habitat location 

of N. obscurata, as well as that of L. staminea and V. philippinarum.  What’s more, 

temperature strongly affects different bivalve physiological processes, such as oxygen 

consumption (Shumway and Koehn, 1982), reproduction (Philippart et al., 2003), growth 

(Dudas, 2005), and respiration (Kennedy and Mihursky, 1972; Newell, 1969).  Bivalve 

respiration is largely controlled by the gill cilia: they provide the power that controls water 

circulation through the organism, allowing for a constant influx of oxygenated water while 

expelling waste water (Dame, 1996).  The fact that the gill cilia of the three study species are 

directly affected by temperature suggests that, at least in these three species, temperature 

does indeed have an effect on respiratory processes.  Further studies examining whole-

organism responses to temperature, rather than responses of isolated gill tissue, would be 

necessary to pinpoint other effects of temperature.  Likewise, additional experiments are 
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required to determine the cellular and physiological effects of increased temperature on gill 

tissue of these three bivalves. 

 The higher lethal temperature of N. obscurata gill tissue compared to that of the other 

two clams may contribute to the purple varnish clam’s success as an invasive species.  There 

were few other clams found in the same areas as N. obscurata, suggesting that its higher 

temperature tolerance allowed N. obscurata to both colonize a new or underused niche in the 

area, and survive well once established.  Species with higher environmental plasticity – such 

as the greater temperature tolerance of the invasive N. obscurata compared to those of the 

already-established V. philippinarum and L. staminea – can more easily colonize new areas, 

and have less difficulty surviving once established, than can species with lower 

environmental plasticity (Sakai et al., 2001).  Indeed, Mack et al. (2000) suggest that 

environmental forces are some of the most important factors in determining both initial and 

long-term survival of invasive species.  This clearly supports the idea that N. obscurata’s 

rapid colonization and spread throughout the coastal Northeastern Pacific is at least in part 

due to its relatively high temperature tolerance.  Likewise, the ability to withstand higher 

temperatures may explain why N. obscurata was often found higher in the intertidal zone. 

 

Salinity 

 The results support the hypothesis that N. obscurata gill tissue has the highest 

tolerance for low salinities, followed by tissue of V. philippinarum and lastly that of L. 

staminea having the least tolerance for low salinities.  All three species were significantly 

different from each other, with the gill tissue of the invasive N. obscurata having the highest 
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tolerances, and gill tissue of the native L. staminea least able to withstand low salinity 

environments.  Overall, for each study species, decreases in salinity led to decreases in gill 

ciliary activity.  Interestingly, N. obscurata gill cilia had a far higher tolerance to lower 

salinities than did cilia of the other two clams – all N. obscurata samples lived for at least 

two weeks at all salinities, with several samples surviving for a much longer duration.  This 

is in stark contrast to gill tissue of V. philippinarum and L. staminea, which died within 48 

hours at all salinities. 

 Like temperature, salinity affects a variety of organismal properties, including 

osmoregulation, relative solute proportions, gas absorption and saturation, density and 

viscosity, dispersal, establishment and habitat selection (Gunter, 1961; Jassby et al., 1995; 

Kinne, 1964; Mann and Harding, 2003).  It is often difficult to determine the precise 

physiological effects of salinity on an organism, as it is often not one specific effect, but a 

combination of effects, which may be in turn influenced by other factors such as temperature 

(Gunter, 1961; Shumway and Koehn, 1982; Vernberg et al. 1963).  However, 

osmoregulation is one of the more important factors affected by salinity, and is especially 

crucial in intertidal organisms, which are exposed to potentially wide-ranging and rapidly-

changing osmotic pressures (Gilles, 1972; Kinne, 1964). 

It is currently unknown to what extent N. obscurata can osmoregulate, and how it 

does so, but it is clear that either its gill tissue can osmoregulate to a much greater degree 

than can tissue of V. philippinarum and L. staminea, or that the tissue can simply 

osmoconform and cope with a much greater range of salinities.  Both osmoregulation and 

osmoconformity may in fact play some role in N. obscurata survivorship at low salinities, as 
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both can be important factors in other estuarine bivalves.  Neufeld and Wright (1996) 

determined that gill tissue of the estuarine mussel Geukensia demissa participated in both 

osmoconforming and osmoregulating activities, depending on external environmental 

conditions.  In G. demissa gill tissue, short-term regulation of cell volume is typically absent, 

allowing the organism to more efficiently survive environments of fluctuating salinities.  

However, during long-term exposure to lowered salinities, gill tissue cells do eventually 

experience loss of solutes and decrease in volume.  It is possible that N. obscurata tissue 

undergoes similar activities, and can combine both osmoregulation and osmoconformity 

depending on the circumstances.  Research is currently underway in our lab to further 

investigate the extent of N. obscurata osmoregulation; work with isolated gill tissue as well 

as with whole organisms is being conducted. 

In other marine bivalves, it has been determined that temporary hyperosmotic states 

observed within the organism are often due to a tightly-closed shell (Gilles, 1972).  Of 

course, this state cannot be sustained indefinitely, as the organism in question will eventually 

need oxygen input as well as food from the outside environment.  Thus, the shell-closing 

mechanism is typically a short-term response.  Based on personal observation, it appears that 

this strategy is not frequently used by N. obscurata: seemingly healthy varnish clam 

individuals were seen with siphons extended outside of the shell at salinities significantly 

lower than that of normal seawater.  This is further supported by Kolpakov and Kolpakov 

(2005), who observed and collected purple varnish clam specimens living and reproducing in 

sand and silt-sand bottoms of a brackish lake with salinities ranging from 8 to 22 ppt.  It is 

possible that this population of N. obscurata could use the shell-closing mechanism to 
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survive at the low end of this range.  However, it is clear that, when living in an environment 

with a maximum salinity of 22 ppt, the varnish clam must use methods other than shell-

closing in order to cope with reduced salinities. 

Although the results clearly demonstrate significant ability of N. obscurata gill tissue 

to withstand lower salinities, the presence of several significant interactions must also be 

explained.  The significant interaction between site and salinity shows that the site at which 

individuals are collected has an effect on salinity tolerance.  This could be due to differences 

in salinity fluctuation or observed salinity levels across sites, which may convey more or less 

ability for a clam to survive in different salinities.  The significant interaction between site 

and species indicates that to some degree, species from different sites have different 24-hour 

survivorships, no matter the salinity.  This is likely due to any of a number of possible 

environmental variations at each site, which could convey greater or lesser tolerance of 

different salinities in this experiment.  It may also result from possible hybridization, which 

will further examined later.  Finally, interaction between species and salinity simply shows 

that each study species can tolerate different salinities to different degrees. 

One important difference between the temperature and salinity results was the 

presence of a significant site-to-site difference in the salinity results, but not in the 

temperature studies.  In contrast to the initial on-site measurements that demonstrated a 

significantly lower average pore water salinity at Mud Bay than at Padilla Bay or Birch Bay, 

it was Padilla Bay clams that yielded significantly different ciliary activity levels than from 

those collected at Birch Bay and Mud Bay, while Birch Bay and Mud Bay clam cilia did not 

have significantly different activity levels with respect to salinity.  Overall, Padilla Bay V. 
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philippinarum and L. staminea gill tissue demonstrated significantly higher ciliary activity 

levels at lower salinities than individuals of the same species collected from different sites.  

Ciliary activity of N. obscurata did not display any site-to-site differences, as almost all gill 

tissue samples maintained the highest ciliary activity levels for the duration of the 

experiment, no matter the salinity levels or the site. 

This significant difference found in Padilla Bay specimens may stem from one or 

more factors.  It is possible that Padilla Bay has lower average salinities than does Mud Bay 

or Birch Bay, or that it experiences greater fluctuations in salinity.  This is in contrast with 

the on-site measurements that show the lowest salinities at Mud Bay, which are supported by 

the fact that Mud Bay is very shallow, quite small and has considerable freshwater input via 

Chuckanut Creek.  However, there are also several reasons why Padilla Bay may have 

overall lower salinities.  It is entirely possible that the few on-site measurements taken are 

not an appropriate representative of the overall estuarine system at each site.  Padilla Bay is a 

large estuary, with significant freshwater input from the Skagit River.  The large amount of 

freshwater entering Padilla Bay could result in lower average salinities and/or greater 

fluctuation.  Data taken from Bayview Channel in Padilla Bay in 2008 show annual salinity 

fluctuations from 25.6 to 31.1 ppt (National Oceanic and Atmospheric Administration, 

2004).  However, these data cannot be used to compare Padilla Bay with the other study 

sites, as comparable salinity data were not available.  In addition, this reasoning may not 

account for observed differences among sites.  All three bays are interconnected as part of the 

Georgia Strait, so average salinities in each bay should be fairly similar.  More research 
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should certainly be conducted to further investigate possible salinity differences between 

each site. 

One other factor may also help explain the differences between Padilla Bay and the 

other two sites.  Padilla Bay was unique among study sites in that suitable specimens of V. 

philippinarum and L. staminea were more difficult to find.  Many of the target clams located 

in Padilla Bay appeared to be hybrids, possessing physical characteristics representing a 

blend of both V. philippinarum and L. staminea.  These potential hybrids were consistently 

rejected for more definitive specimens; however, it is possible that even some of these 

samples that were ultimately brought back and used in the experiments were of hybrid form.  

In the last several decades, it has become increasingly apparent that hybridization may confer 

significant evolutionary advantages, including additive genetic and environmental variances 

and rapid adaptation (Grant and Grant, 1994; Rieseberg et al., 1999).  It is certainly possible 

that hybridized specimens may possess greater tolerances for lower salinities, or a larger 

range of salinities.  Indeed, hybridization has been previously observed in a wide range of 

marine invertebrates, including various genera of mussels and clams, some commercially-

important (Menzel and Menzel, 1965; Perry et al., 2002; Pfenninger et al., 2002; Skibinski et 

al., 1978).  Many of these hybrid bivalves possessed greater abiotic tolerances, growth rates 

and other evolutionary advantages.  It has also been suggested that V. philippinarum and L. 

staminea may hybridize (Cowles, 2007).  Why this potential hybridization may be occurring 

in Padilla Bay is unknown.  It is clear that further research should be done in this area. 
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Survivorship 

 Nuttallia obscurata gill tissue all survived for at least two weeks in a wide range of 

salinity, with many pieces of tissue lasting for many weeks longer.  This is in stark contrast 

to gill tissue of V. philippinarum and L. staminea, which consistently died within 48 hours of 

excision, no matter the salinity to which they were exposed, in preliminary studies.  Other 

bivalves display similar trends to V. philippinarum and L. staminea: in another study 

exposing excised gill tissue to varying salinities, Vernberg et al. (1963) found that three 

species of bivalve (Aequipecten irradians, Modiolus demissus and Crassostrea virginica) 

living on the East coast of North America also typically survived for only 24 hours or less at 

low salinities. 

 Due to experimental problems, the long-term survivorship experiment failed to yield 

a maximum survival time for N. obscurata.  All samples used were eventually infected with 

ciliated microorganisms which ultimately consumed or destroyed all pieces of gill tissue in 

each Erlenmeyer flask.  It is likely that either the unfiltered seawater used as a base solution 

in the experiment, or the collected clams themselves, were vectors for ciliate invasion.  

However, important information can still be gleaned from the survivorship experiment.  The 

fact that tissue death was apparently due to ciliate invasion rather than exposure to varying 

salinities gives us no clear correlation between salinity and survivorship.  Even the gill 

samples surviving for the longest amount of time followed no clear pattern with respect to 

salinity.  In fact, the longest-lived sample, which survived for nine weeks with no noticeable 

decline in activity level, was exposed to an environment of only 5 ppt salinity.  Thus, this 
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experiment demonstrated an incredible survivorship of the invasive N. obscurata compared 

to V. philippinarum and L. staminea, as well as compared to other bivalves. 

 

Nuttallia obscurata as an invasive species 

Within the last two decades, N. obscurata has become one of the dominant bivalve 

species in the intertidal Northeastern Pacific (Dudas and Dower, 2006; Ray, 2005).  Like 

many other marine invaders of note, it has spread rapidly and has established itself with great 

efficiency throughout the region.  It is clear that N. obscurata has a greater environmental 

plasticity than V. philippinarum and L. staminea.  In addition to surviving at higher 

temperatures, it can survive at lower salinities for much longer periods of time.  It has been 

found that species distribution in soft-substrate intertidal zones is often principally 

determined by temperature and salinity (Gunter, 1961; Vernberg et al., 1963).  Because these 

soft-substrate zones are also often exposed to extreme abiotic variation (Kneib, 1984), it is no 

wonder that organisms with higher environmental plasticity – those that can tolerate greater 

fluctuations in abiotic conditions like temperature and salinity – can survive better than 

species with less tolerance (Boesch et al., 1976; Jassby et al., 1995; Peck et al., 2004).  This 

is true even on a local level: in Padilla Bay, Harley (1998) found that large scale 

environmental gradients determine both the strength of interactions and the spatial overlap of 

different species.  The higher temperature tolerance of N. obscurata likely allows it to live 

higher in the intertidal than V. philippinarum and L. staminea. 

This ability to live in areas not populated by other clam species lets the purple varnish 

clam more easily establish itself and grow in population size.  However, anecdotal evidence, 
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combined with personal observation and other recent studies indicate that in addition to 

living in habitat not frequented by other clams like V. philippinarum and L. staminea, N. 

obscurata has been found on Manila clam farms (Dudas, 2005).  Furthermore, studies have 

shown that that N. obscurata has a competitive advantage over V. philippinarum in the high 

intertidal.  Such characteristics as burrowing preference, reproductive capability and abiotic 

tolerances may all contribute to this competitive advantage (Ray, 2005; Dudas, 2005).  It is 

clear that N. obscurata does indeed have higher abiotic tolerances than V. philippinarum, as 

well as L. staminea, which could very well contribute to its success as an invasive species. 

The invasive success of N. obscurata is one shared by many other marine organisms.  

Like most other marine invasives, the purple varnish clam likely arrived to its new home in 

the Northeastern Pacific via ballast water discharge from international shipping (Mills, 2002; 

Molnar et al., 2008).  And like many other invasives, the high abiotic tolerances of N. 

obscurata compared to clams like V. philippinarum and L. staminea likely contribute to its 

invasive success.  Although N. obscurata is a marine organism, it can easily survive in 

brackish and estuarine waters (Kolpakov and Kolpakov, 2005).  What’s more, Lee and Bell 

(1999) suggest that temperature and salinity often interact when affecting tolerance.  

Organisms possessing a broad temperature tolerance as well as a broad salinity tolerance may 

have an easier time invading freshwater systems.  It is not often that a marine species can 

successfully invade freshwater systems, but special attention should be paid to N. obscurata, 

considering its high tolerance for low salinities and for high temperatures, as well as the 

results indicating that even its isolated gill tissue can live for weeks in almost fresh water.  It 

has become increasingly obvious that potential marine to fresh water transitions have not 
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been adequately studied.  Despite this, there are records of a number of species, including 

cnidarians, annelids, molluscs, arthropods and a host of fish species, that have succeeded in 

doing so (Lee and Bell, 1999).  One bivalve invader of note is Dreissena polymorpha, the 

zebra mussel.  Introduced to North America from Europe in 1986, it has since spread 

throughout the Great Lakes and is rapidly moving westward, while creating immense 

ecological and economical damage (May et al., 2006; McMahon, 1996).  The purple varnish 

clam has not yet colonized areas of fresh water, but further research into long-term 

survivability of N. obscurata in freshwater systems is recommended. 

It is necessary to look to the future when considering the place that N. obscurata will 

have in North America.  As projected by the Intergovernmental Panel on Climate Change, 

global surface warming is predicted to increase between one to four degrees Celsius during 

the next century (Pachauri and Reisinger, 2007).  Marine and terrestrial species alike will be 

affected by warmer temperatures, and it has been proposed by many that increases in 

temperature will lead to increased biological invasions, even shifting dominance to non-

indigenous species (Stachowicz et al., 2002; Vitousek, 1994).  Global warming will provide 

even more aid for species with higher temperature tolerances to thrive and spread.  As 

Kolpakov and Kolpakov (2005) suggest, N. obscurata has potential to become increasingly 

dominant in the sublittoral as temperatures increase. 

It seems that the purple varnish clam is here to stay in the Northeastern Pacific, and 

will likely continue to spread, given its high abiotic tolerances as well as other physiological 

characteristics such as burrowing ability and reproductive factors (Dudas, 2005; Ray, 2005).  

Although it has so far only invaded the Northeastern Pacific, there is the ever-present 
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possibility that it will invade other regions, either by direct shipping from Asia, or from 

secondary shipping vectors stemming from the Northeastern Pacific.  Other notable marine 

invaders have also posed threats to multiple regions across the globe, including the green 

crab, Carcinus maenas, which has invaded a wide variety of areas including Australia, the 

Northeast Pacific, the Northwest Pacific and South Africa (Grosholz and Ruiz, 1996).  To 

prevent further invasions by N. obscurata, which would likely occur via international 

shipping, increased care must be taken to regulate and control ballast water contents (Molnar 

et al., 2008).  Other regions rendered vulnerable due to high shipping volume should also 

maintain watch for any sign of N. obscurata invasion.  If an introduction is caught early 

enough, there may be some possibility of halting the spread of N. obscurata before it has a 

chance to establish itself. 

 

Further investigations and recommendations 

In the Northeastern Pacific, there is still much to learn about the purple varnish clam.  

Further research should be done to explore the cellular mechanisms of N. obscurata that 

allow its gill tissue to survive at low salinities for extremely long periods of time.  

Osmoregulation would be an ideal topic to investigate.  In addition, work should be done 

with both N. obscurata gill tissue, as well as whole organism studies, looking at interactions 

between temperature and salinity.  There has been much previous research investigating the 

effects of temperature and salinity combined on marine organisms.  These abiotic factors 

often have an additive effect: organisms exposed to higher temperatures have less tolerance 

of lower salinities (Kinne, 1964).  Information about N. obscurata response to varying 
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temperature-salinity combinations may prove useful in understanding its capacity for 

biological invasion. 

Further investigation into the potential for N. obscurata as a commercially-

marketable species is also recommended.  Like the now commercially-important Manila 

clam, which was accidentally introduced to the Northeastern Pacific in the 1930s, the purple 

varnish clam still has some potential as a commercial asset (Washington Department of Fish 

and Wildlife, 2000).  Although previous studies have found it unlikely that N. obscurata will 

be commercially harvested in Washington in the near future, it is currently being sold in 

some markets in Vancouver, British Columbia and elsewhere (Figure 8) (Gillespie et al., 

2001; Meacham, 2008; Ray, 2005).  It has also been observed on the menu of at least one 

Seattle, Washington seafood restaurant, marketed under the name mahogany clam.  

Recreational harvesting in the state of Washington is currently allowed, but N. obscurata has 

not proved to be a popular choice.  Nonetheless, the purple varnish clam has been reported as 

similar to V. philippinarum and L. staminea in taste and texture, and has an extremely long 

shelf life of at least four weeks when refrigerated, suggesting that there is still potential for a 

commercial fishery at some point in the future (Yates, 1999).  Despite initial results to the 

contrary, further investigation into the possibility of N. obscurata as a commercial resource is 

recommended, as the purple varnish clam is likely here to stay in the Northeastern Pacific. 
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Figure 8: Commercially-sold N. obscurata mixed with V. philippinarum in a market on 

Granville Island, Vancouver, British Columbia. 

 

 



 

48 

 

LITERATURE CITED 

Bax, N., Carlton, J.T., Mathews-Amos, A., Haedrich, R.L., Howarth, F.G., Purcell, J.E., 

Rieser, A. and Gray, A. 2001.  The control of biological invasions in the world’s 

oceans.  Conservation Biology 15: 1234-1246. 

Boesch, D.F., Diaz, R.J. and Virnstein, R.W. 1976.  Effects of tropical storm Agnes on soft-

bottom macrobenthic communities of the James and York estuaries and the lower 

Chesapeake Bay.  Chesapeake Science 17: 246-259. 

Byers, J.E. 2002.  Physical habitat attribute mediates biotic resistance to non-indigenous 

species invasion.  Oecologia 130: 146-156. 

Byers, J.E. 2005.  Marine reserves enhance abundance but not competitive impacts of a 

harvested nonindigenous species.  Ecology 86: 487-500. 

Cowles, D. 2007.  Leukoma staminea (Conrad, 1857). < http://www.wallawalla.edu/ 

academics/departments/biology/rosario/inverts/Mollusca/Bivalvia/Veneroida/ 

Veneridae/Protothaca_staminea.html>. September 12 2009. 

Dame, R. 1996.  Ecology of Marine Bivalves: An Ecosystem Approach. Boca Raton, FL: 

CRC Press. 

Department of Fisheries and Oceans (Canada), 2001.  Varnish clams.  DFO Science Stock 

Status Report C6-13 (2001). 

Dudas, S.E. 2005.  PhD Thesis: Invasion dynamics of a non-indigenous bivalve, Nuttallia 

obscurata, (Reeve 1857), in the Northeast Pacific.  University of Victoria. 

Dudas, S.E. and Dower, J.F. 2006.  Reproductive ecology and dispersal potential of varnish 

clam Nuttallia obscurata, a recent invader in the Northeast Pacific Ocean.  Marine 

Ecology Progress Series 320: 195-205. 

Dudas, S.E., Dower, J.F. and Anholt, B.R. 2007.  Invasion dynamics of the varnish clam 

(Nuttallia obscurata): A matrix demographic modeling approach.  Ecology 88: 2084-

2093. 

Gilles, R. 1972.  Osmoregulation in three mollusks: Acanthochitona discrepans (brown), 

Glycymeris (L.) and Mytilus edulis (L.).  Biological Bulletin 142: 25-35. 

Gillespie, G.E., Parker, M. and Merilees, W. 1999.  Distribution, abundance, biology and 

fisheries potential of the exotic varnish clam (Nuttallia obscurata) in British 

Columbia.  Canadian Stock Assessment Secretariat Research Document 99/193. 

Gillespie, G.E., Rusch, B., Gormican, S.J., Marshall, R. and Munroe, D. 2001.  Further 

investigations of the fisheries potential of the exotic varnish clam (Nuttallia 

obscurata) in British Columbia.  Canadian Science Advisory Secretariat Research 

Document 2001/143. 

Grant, P.R. and Grant, B.R. 1994.  Phenotypic and genetic effects of hybridization in 

Darwin’s finches.  Evolution 48: 297-316. 

Grosholz, E.D. and Ruiz, G.M. 1996.  Predicting the impact of introduced marine species: 

Lessons from the multiple invasions of the European Green Crab Carcinus maenas.  

Biological Conservation 78: 59-66. 



 

49 

 

Grosholz, E.D. and Tilman, G.D. 2005.  Recent biological invasion may hasten invasional 

meltdown by accelerating historical introductions.  Proceedings of the National 

Academy of Sciences of the United States of America 102: 1088-1091. 

Gunter, G. 1961.  Some relations of estuarine organisms to salinity.  Limnology and 

Oceanography 6: 182-190. 

Harley, C.D.G. 1998.  Species-specific responses to environmental gradients determine 

regional scale pattern in an intertidal community. Final report Washington State 

Department of Ecology, Contract No. C9800053.  Padilla Bay National Estuarine 

Reserve Technical Report No. 23, Mount Vernon, Washington. 

Helmuth, B.S.T. and Hofmann, G.E. 2001.  Microhabitats, thermal heterogeneity, and 

patterns of physiological stress in the rocky intertidal zone.  Biological Bulletin 201: 

374-384. 

Hodgson, A.N. 1999.  The biology of siphonariid limpets.  Oceanography and marine 

biology: An annual review 37: 245-314. 

Jassby, A.D., Kimmerer, W.J., Monismith, S.G., Armor, C., Cloern, J.E., Powell, T.M., 

Schubel, J.R. and Vendlinski, T.J. 1995.  Isohaline position as a habitat indicator for 

estuarine populations.  Ecological Applications 5: 272-289. 

Kanaya, G., Nobata, E., Toya, T. and Kikuchi, E. 2005.  Effects of different feeding habits of 

three bivalve species on sediment characteristics and benthic diatom abundance.  

Marine Ecology Progress Series 299: 67-78. 

Kanaya, G., Takagi, S., Nobata, E. and Kikuchi, E. 2007.  Spatial dietary shift of 

macrozoobenthos in a brackish lagoon revealed by carbon and nitrogen stable isotope 

ratios.  Marine Ecology Progress Series 345: 117-127. 

Karpenko, A.A. and Ivanovsky, Y.A. 1993.  Effect of very low doses of γ radiation on 

motility of gill ciliated epithelia of Mytilus edulis.  Radiation Research 133: 108-110. 

Kennedy, V.S. and Mihursky, J.A. 1971.  Upper temperature tolerances of some estuarine 

bivalves.  Chesapeake Science 12: 193-204. 

Kennedy, V.S. and Mihursky, J.A. 1972.  Effects of temperature on the respiratory 

metabolism of three Chesapeake Bay bivalves.  Chesapeake Science 13: 1-22. 

Kinne, O. 1964.  The effects of temperature and salinity on marine and brackish water 

animals.  Oceanography and Marine Biology: an Annual Review 2: 281-339. 

Kneib, R.T. 1984.  Patterns of invertebrate distribution and abundance in the intertidal salt 

marsh: causes and questions.  Estuaries 7: 392-412. 

Kolpakov, E.V. and Kolpakov, N.V. 2005.  Population size-age structure and growth of the 

subtropical bivalve Nuttallia obscurata in Primorye waters at the north boundary of 

its geographic range.  Russian Journal of Marine Biology 31: 164-167. 

Lee, C.E. and Bell, M.A. 1999.  Causes and consequences of recent freshwater invasions by 

saltwater animals.  Trends in Ecology & Evolution 14: 284-288. 

Mack, R.N., Simberloff, D., Lonsdale, W.M., Evans, H., Clout, M. and Bazzaz, F.A. 2000.  

Biotic invasions: Causes, epidemiology, global consequences, and control.  

Ecological Applications 10: 689-710. 

Mann, R. and Harding, J.M. 2003.  Salinity tolerance of larval Rapana venosa: Implications 

for dispersal and establishment of an invading predatory gastropod on the North 

American Atlantic coast.  Biological Bulletin 204: 96-103. 



 

50 

 

Marchetti, M.P., Moyle, P.B. and Levine, R. 2004.  Invasive species profiling? Exploring the 

characteristics of non-native fishes across invasion stages in California.  Freshwater 

Biology 49: 646-661. 

Marshall, W.L., Bower, S.M. and Meyer, G.R. 2003.  A comparison of the parasite and 

symbiont fauna of cohabiting native (Protothaca staminea) and introduced 

(Venerupis philippinarum and Nuttalia obscurata) clams in British Columbia.  

Journal of Shellfish Research 22: 185-192. 

May, G.E., Gelembiuk, G.W., Panov, V.E., Orlova, M.I. and Lee, C.E. 2006.  Molecular 

ecology of zebra mussel invasions.  Molecular Ecology 15: 1021-1031. 

McMahon, R.F. 1996.  The physiological ecology of the zebra mussel, Dreissena 

polymorpha, in North America and Europe.  American Zoologist 36: 339-363. 

Meacham, P. 2008.  Invasive species fact sheets: Nuttalia obscurata.  Washington 

Department of Fish and Wildlife. < http://wdfw.wa.gov/fish/ans/identify/html 

/index.php?species=nuttalia_obscurata>. February 3 2008. 

Menzel, R.W. and Menzel, M.Y. 1965.  Chromosomes of two species of Quahog clams and 

their hybrids.  Biological Bulletin 129: 181-188. 

Mills, C.E. 2002.  Nuttallia obscurata, the purple varnish clam or the purple mahogany-clam. 

<http://faculty.washington.edu/cemills/Nuttallia.html>. April 22 2009. 

Molnar, J.L., Gamboa, R.L., Revenga, C. and Spalding, M.D. 2008.  Assessing the global 

threat of invasive species to marine biodiversity.  Frontiers in Ecology and the 

Environment 6: 485-492. 

National Oceanic and Atmospheric Administration, Office of Ocean and Coastal Resource 

Management, National Estuarine Research Reserve System-wide Monitoring 

Program. 2004.  Centralized Data Management Office, Baruch Marine Field Lab, 

University of South Carolina. <http://cdmo.baruch.sc.edu>. September 12 2009. 

Neufeld, D.S. and Wright, S.H. 1996.  Salinity change and cell volume: the response of 

tissues from the estuarine mussel Geukensia demissa.  The Journal of Experimental 

Biology 199: 1619-1630. 

Newell, R.C. 1969.  Effect of fluctuations in temperature on the metabolism of intertidal 

invertebrates.  American Zoologist 9: 293-307. 

Padilla, D.K. and Williams, S.L. 2004.  Beyond ballast water: aquarium and ornamental 

trades as sources of invasive species in aquatic ecosystems.  Frontiers in Ecology and 

the Environment 2: 131-138. 

Pachauri, R.K. and Reisinger, A. (Eds.) 2007.  Climate Change 2007: Synthesis Report.  

IPCC, Geneva, Switzerland. 

Peck, L.S., Webb, K.E. and Bailey, D.M. 2004.  Extreme sensitivity of biological function to 

temperature in Antarctic marine species.  Functional Ecology 18: 625-630. 

Perry, W.L., Lodge, D.M. and Feder, J.L. 2002.  Importance of hybridization between 

indigenous and nonindigenous freshwater species: an overlooked threat to North 

American biodiversity.  Systematic Ecology 51: 255-275. 

Pfenninger, M., Reinhardt, F. and Streit, B. 2002.  Evidence for cryptic hybridization 

between different evolutionary lineages of the invasive clam genus Corbicula 

(Veneroida, Bivalvia).  Journal of Evolutionary Biology 15: 818-829. 



 

51 

 

Philippart, C.J.M., van Aken, K.M., Beukema, J.J., Bos, O.G., Cadée, G.C. and Dekker, R. 

2003.  Climate-related changes in recruitment of the bivalve Macoma balthica.  

Limnology and Oceanography 48: 2171-2185. 

Pimentel, D., Lach, L., Zuniga, R. and Morrison, D. 2000.  Environmental and economic 

costs of nonindigenous species in the United States.  BioScience 50: 53-65. 

Ray, G.L. 2005. Invasive marine and estuarine animals of the Pacific Northwest and Alaska.  

ANSRP Technical Notes Collection (ERDC TN-ANSRP-05-6), U.S. Army Engineer 

Research and Development Center, Vicksburg, MS. 

Rieseberg, L.H., Archer, M.A. and Wayne, R.K. 1999.  Transgressive segregation, adaptation 

and speciation.  Heredity 83: 363-372. 

Ruiz, G.M., Fofonoff, P.W., Carlton, J.T., Wonham, M.J. and Hines, A.H. 2000.  Invasion of 

coastal marine communities in North America: Apparent patterns, processes, and 

biases. Annual Review of Ecology and Systematics 31: 481-531. 

Roth, B. 1978.  On the identification of three Japanese species of Nuttallia (Mollusca: 

Bivalvia). Japanese Journal of Malacology 37: 223-229. 

Sakai, A.K., Allendorf, F.W., Holt, J.S., Lodge, D.M., Molofsky, J., With, K.A., Baughman, 

S., Cabin, R.J., Cohen, J.E., Ellstrand, N.C., McCauley, D.E., O’Neil, P., Parker, 

I.M., Thompson, J.N. and Weller, S.G. 2001.  The population biology of invasive 

species.  Annual Review of Ecology and Systematics 32: 305-332. 

Seitz, R.D., Lipcius, R.N., Hines, A.H. and Eggleston, D.B. 2001.  Density-dependent 

predation, habitat variation, and the persistence of marine bivalve prey.  Ecology 82: 

2435-2451. 

Shumway, S.E. and Koehn, R.K. 1982.  Oxygen consumption in the American oyster 

Crassostrea virginica.  Marine Ecology – Progress Series 9: 59-68. 

Skibinski, D.O.F., Ahmad, M. and Beardmore, J.A. 1978.  Genetic evidence for naturally 

occurring hybrids between Mytilus edulis and Mytilus galloprovincialis.  Evolution 

32: 354-364. 

Somero, G.N. 2002.  Thermal physiology and vertical zonation of intertidal animals: Optima, 

limits, and costs of living.  Integrative and Comparative Biology 42: 780-789. 

Stachowicz, J.J., Terwin, J.R., Whitlatch, R.B. and Osman, R.W. 2002.  Linking climate 

change and biological invasions: Ocean warming facilitates nonindigenous species 

invasions.  Proceedings of the National Academy of Sciences of the United States of 

America 99: 15497-15500. 

Stevens, P.M. 1987.  Response of excised gill tissue from the New Zealand scallop Pecten 

novaezelandiae to suspended silt.  New Zealand Journal of Marine and Freshwater 

Research 21: 605-614. 

Tomanek, L. and Helmuth, B. 2002.  Physiological ecology of rocky intertidal organisms: A 

synergy of concepts.  Integrative and Comparative Biology 42: 771-775. 

Tomiyama, T. and Ito, K. 2006.  Regeneration of lost siphon tissues in the tellinacean bivalve 

Nuttallia olivacea.  Journal of Experimental Marine Biology and Ecology 335: 104-

113. 

Vernberg, F.J., Schlieper, C. and Schneider, D.E. 1963.  The influence of temperature and 

salinity on ciliary activity of excised gill tissue of molluscs from North Carolina.  

Comparative Biochemistry and Physiology 8: 271-285. 



 

52 

 

Vitousek, P.M. 1994.  Beyond global warming: Ecology and global change.  Ecology 75: 

1862-1876. 

Washington Department of Fish and Wildlife. 2000.  Shellfish. <http://wdfw.wa.gov/fish/ 

shelfish/beachreg/1clam>. February 5 2008. 

Wasson, K., Fenn, K. and Pearse, J.S. 2005.  Habitat differences in marine invasions of 

central California.  Biological Invasions 7: 935-948. 

Wonham, M.J. and Carlton, J.T. 2005.  Trends in marine biological invasions at local and 

regional scales: the Northeast Pacific Ocean as a model system.  Biological Invasions 

7: 369-392. 

Yates, E. 1999.  Initial biological and ecological assessments of Nuttallia obscurata in North 

Puget Sound, Washington.  Western Washington University, Bellingham, 

Washington. 

 


	Broad physiological tolerances of the invasive clam Nuttallia obscurata
	Recommended Citation

	tmp.1407187444.pdf.X86pm

