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Abstract 
For long term persistence of restored species, it is important to consider genetic population structure. Traits that hold adaptive advantage such as reproductive timing and stress resilience may differ among locales within a species.  Using three established populations of Ostrea lurida within Puget Sound Washington, a reciprocal transplant experiment and monitoring survival, growth, reproduction was performed. It was found performance differed for each population at each of these three metrics. Ostrea lurida from Dabob Bay had higher survival at all sites but lower reproductive activity and growth. Whereas those from Oyster Bay had greater reproductive activity at all sites but moderate growth and survival. Populations from Fidalgo Bay exhibited greater growth in the southern most site but not at home and had limited reproductive activity and survival.
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1. Introduction
Restoration of native species has been of growing concern in the face of habitat degradation, loss of ecosystem services, and global climate change (Anderson, 1995; Lotze et al., 2011). Faced with mounting challenges, resource managers and conservation groups turn to transplantation of viable animals into habitats to supplement dwindling populations and encourage self-sustained persistence.
The Olympia oyster, Ostrea lurida (Carpenter, 1864), the only oyster native to the west coast of North America, exists in a wide variety of habitats within its range from Baja California, Mexico to British Columbia, Canada (Couch and Hassler, 1989). Ostrea lurida is moderately euryhaline (Baker, 1995) and lives in the lower intertidal, from 1 m above sea level to 10 m below (Baker, 1995), experiencing temperatures ranging from an average minimum temperature of 5 ̊C to 20 ̊C in South Puget Sound (Couch and Hassler, 1989) They cannot survive freezing (0 ̊C) (Baker, 1995) or temperatures above 39 ̊C (Wasson et al., 2014). Even at the scale of Washington state’s Puget Sound, oceanographic features create diverse habitats in which remnant populations persist. Ostrea lurida are protandric hermaphordites (Baker, 1995), spawning first as male followed by a male-female stage cycling. Studies by Coe (1932) and Hopkins (1936) assumed that reproductive activity begins in the second year of life. Hopkins (1936) observed in South Puget Sound that at maximum 10-15% of O. lurida populations are brooding at any given time during spawning season. Peak larval setting, roughly correlating to peak spawning, occurs twice annually with South Puget Sound (Hopkins, 1936). There is no maximum age known for O. lurida but monitored control populations experienced a 34% mortality annually (Couch and Hassler, 1989). Since the mid 1800’s, O. lurida populations throughout the range have significantly declined due to historical overharvest, industrial pollution, and sedimentation caused by logging and mining operations (Baker, 1995; White et al., 2009; Blake and Bradbury, 2012). This oyster has been subject to substantial restoration efforts (McGraw, 2009) but despite the widely different environmental conditions which O. lurida persists, information on adaptive stock structure is lacking (Camara and Vadopalas 2009). To better predict the success of O. lurida supplementation efforts within Puget Sound, more extensive research needs to be performed to determine whether local populations vary in performance metrics that may be indicators of local adaptation. 
Among methods for testing for local adaptation, reciprocal transplant experiments are considered robust (Sanford and Kelly, 2011) for investigating key metrics of fitness. These experiments involve using parent populations from environmentally diverse locales to produce offspring that are placed reciprocally in their home and foreign environments. Population differences in key metrics for fitness can indicate an adaptive advantage (Burford et al., 2014). Three metrics that are fitness correlates and can be indicative for persistence are survival, reproduction, and growth. Survival, being the most obvious, can determine whether conditions within a site are capable of sustaining supplemental populations. Reproduction determines a population’s ability to become self-sustaining by producing offspring for self-recruitment. Growth, while not a direct fitness correlate, can represent a myriad of factors affecting oyster size and development. By measuring how each of these metrics change in each population at each site, we will be better able to define population related traits and identify populations with traits more likely to be successful in supplementation efforts. 
The main objective of this study was to determine whether O. lurida populations from geographically diverse areas of Puget Sound exhibit population-level differences in survival, reproduction, and growth in different environments. 

2. Material and Methods
2.1 Broodstock Conditioning and Outplanting 
Adult oysters (n=600) were collected from three locations in Puget Sound (Fidalgo, Dabob, and Oyster Bay, Fig. 1) during November and December 2012. Gametogenesis and maturation occurred after being held for 5 months in common conditions in Port Gamble, Washington. To ensure genetic diversity, each population was subsequently spawned in 24 groups of 20-25 oysters from each location in June 2013. Larvae produced from each population were reared in 4 replicate  screened silos, settled on microcultch and fed ad libitum until attaining the minimum outplant size (SL = 5 mm). 
In August 2013, 480 oysters (5-10 mm) from each population were planted at Fidalgo, Oyster, Dabob, and Clam Bays (Fig. 1).  At each site, oysters from each population were placed into four 0.61 X 0.61 m growout trays. In each tray, oysters (120) were equally distributed in four 10x7.5cm mesh (1475 micron) bags containing 30 oysters each. Trays were anchored into substrate using rebar stakes. In late autumn, trays at Fidalgo, Oyster, and Clam Bays were subsequently suspended from floating structures to reduce exposure to extreme temperatures during tidal exchanges. Trays remained anchored to the substrate in Dabob Bay as no suitable floating structure was available.  At each site, HOBOlogger temperature sensors (OnSet, USA) were deployed. 

2.2 Site Monitoring

2.2.1 Temperature
Data from temperature loggers were collected at regular intervals and used to calculate minimum and maximum observed temperature for each day using the R 3.0.3 (R Core Team, 2014, package “plyr” (Wickham, 2014)). The number of days above 20  ̊C and below 5  ̊C was calculated for the duration of the project. Degree days was calculated by adding the cumulative difference between the daily minimum temperature and the 2014 winter average minimum of 8 ̊C to determine the amount of environmental energy needed to produce peak brooding activity. We defined the length of the growing season as being a period when high primary productivity was likely with daily minimum temperatures above 12.5 ̊C.  Raw temperature data and analysis procedures used are available (Heare et al., 2014). 

2.2.2 Mortality
Mortality was determined by direct counts of live and dead oysters at each site visit. Survival was assessed in December 2013, January (Dabob Bay only), February, April (Dabob and Clam Bays only), May (Fidalgo and Oyster Bay only), and June 2014.  All trays were examined during winter visits and a single tray was counted each week during June. Differences in mortality within sites were determined through survdiff tests performed in the R 3.0.3 (R Core Team, 2014) with the R package “survival” (Therneau, 2014). Raw mortality data and analysis procedures used are available (Heare et al., 2014).  

2.2.3 Growth
Size was determined using digital images of oysters via ImageJ analysis (Rasband, 2010). Images used were taken in August 2013 (All sites), April (Dabob Bay), September (Oyster Bay), and October 2014 (Fidalgo and Clam Bays). For each image a reference was measured along with all oysters. For all oysters a linear measurement was made at the longest distance from umbo to valve margin. Descriptive statistics were produced by the package “pastecs” (Grosjean and Ibanez, 2014). Size distributions were tested for normality using the Shapiro-Wilkes test ( “stats” package, R Core Team, 2014). Growth was compared using Kruskal-Wallis assuming non-normal distribution (“stats” package, R Core Team, 2014). Pairwise comparisons were performed using the Nemenyi PostHoc test using Tukey assumptions (R package “PMCMR”, Pohlert, 2014). Raw size data and analysis procedures used are available (Heare et al., 2014).

2.2.4 Reproductive Activity
To assess reproductive activity the number of brooding oysters were determined on weekly basis over three months (May 14th - August 15th, 2014) for a total of 15 timepoint observations for each site. Individual trays of oysters were anesthetized, and each oyster was visually inspected for presence of broods in the mantle chamber. Specifically, trays were removed from water and exposed to air for 45 minutes then immersed in 0.3M magnesium sulfate (heptahydrate sulfate mineral epsomite MgSO4·7H2O) (Epsom salt) dissolved in a 50/50 mix freshwater/sea water for 45 minutes. Each brooding female was record for the day and then measured using calipers. The date of maximum brood activity was consider to be the date with the highest proportion of brooding females observed. Following Hopkins (1936) observation of the daily minimum temperature spawning threshold for O. lurida of 12.5 ̊C, we counted the number of days from the first date which reached this threshold to the date of the first brooding female observed and the maximum percentage of brooding females observed.  The proportion of brooding adults per site per visit was arcsine transformed and analyzed via ANOVA. Significant differences among sites, populations, and population by site interaction were determined using Tukey’s test (TukeyHSD ‘base’ package, R 3.0.3 (R Core Team, 2014)) test to compare differences across sites, populations, and population by site. Sizes at brooding were likewise compared via ANOVA and TukeyHSD. (R 3.0.3 (R Core Team, 2014) ‘base’ package).  Raw brood data and analysis procedures used are available (Heare et al., 2014).




[bookmark: h.6qa4lct5szdf]3. Results
3.1 Site Characteristics
	Oyster Bay had the highest daily minimum temperature (18.43 ̊C) (Fig. 2) in August 2014 while Dabob Bay had the lowest daily minimum temperature (-3.32 ̊C) during February 2014 (Fig. 2). The Dabob Bay site experienced the highest amount of temperature variability due to the intertidal placement of samples and the extreme cold weather during low tide events (Fig. 2&3). The Oyster Bay site experienced warm daily temperature from mid-May throughout the summer. From June to August 2014 this site experienced the warmest daily minimum and maximum temperature as compared to all other sites (Fig 2 & 3). The growing seasons for Oyster, Fidalgo, and Clam Bays were 129, 72, and 69 days with daily minimum temperatures above 12.5 ̊C respectively. 

3.2 Survival
Differences in mortality were observed based on broodstock location of origin at three of the four sites. Dabob Bay oysters had more individuals survive by the end of the study period at Dabob, Oyster, and Clam Bays (Fig. 4A, 4B, 4C) than the other populations.  At Oyster Bay, the native population performed the worse with 37.0% (+/-2.3%) survival (Χ2=76.3, df=2, P=0) (Fig. 4A). Limited mortality was observed at Clam Bay where at least 80% (Χ2=13.7, df=2, P=0.00105) of oysters remain after 11 months (July 2014) (Fig 4B).
The Dabob Bay location experienced the highest overall mortality, as such the trial was ended prematurely in April 2014. There was also significant differences in mortality across populations (Χ2=141, df=2, P=0), with the Fidalgo Bay oysters having the lowest survival (21.2% +/- 2.1%) (Fig 4C). At the Fidalgo Bay field site, at least 80% of the oysters from all three cohorts remain after 11 months. No differences in mortalities between populations were observed at Fidalgo Bay (Χ2=2.6, df=2, P=0.247)  (Fig 4D) .

3.3 Growth
Mean oyster size at outplant was 11.36 +/-3.15 mm. At Oyster Bay, Fidalgo Bay oysters grew to a larger size 35.8 +/-6.4 mm than Dabob and Oyster Bay oysters (Fig 5). At both Fidalgo and Clam Bays, oysters from Dabob Bay were smaller than other population at the end of the experiment (Fig. 6 and 7). Average sizes of all populations at all sites can be seen in Table 1.


3.4 Brooding Females
The numbers of brooding females varied between populations and between sites. The Oyster Bay population produced the significantly more brooding females at Oyster and Fidalgo Bays and the highest number of brooding females at Clam Bay. Sites varied significantly as well with the largest number of brooding females present at Oyster Bay (Fig. 8) and the least amount of brooding females at Clam Bay (Fig. 10). Oyster Bay reached the spawning temperature threshold on May 14th and the first brooding female was discovered 15 days later on May 29th (Fig. 8). Oyster Bay reached maximum percentage of brooding females observed by June 19th, 36 days post threshold temperature or 308 degree days from the 2014 winter average temperature (8 ̊C). Dabob and Fidalgo Bays’ populations reached maximum percentage brooding females observed on July 10th (Fig. 8), 57 days post threshold temperature or 453 degree days. Ambient water temperatures in Oyster Bay rose steadily from late winter reaching the spawning threshold and continuing to increase to the summer maximum of 18.43 ̊C. At Fidalgo Bay, spawning temperature threshold was met on May 14th and the first brooding female was discovered on June 6th (Fig. 9), 23 days post temperature threshold. Oyster Bay population reached maximum percentage brooding females observed by July 11th at Fidalgo Bay, 58 days post temperature threshold or 354 degree days. Fidalgo and Dabob Bays’ populations did not reach maximum percentage brooding females observed until August 8th (Fig. 9), 87 days post temperature threshold or 513 degree days. Fidalgo Bay had a slower, less steady temperature increase from throughout the spring season with ambient water temperatures reaching 12.5 ̊C around mid-May but then dipping into the 10-11 ̊C range until early June and remained continuously above the threshold for the remainder of the summer. Clam Bay reached the temperature threshold on June 8th and brooding females were found June 18th from the Oyster Bay population (Fig. 10), 10 days post threshold. Due to the low number of brooding females we decided not to calculate degree days for Clam Bay. Temperatures in Clam Bay reached spawn threshold in early June but varied above and below this temperature for several days at a time throughout most of summer. The average and observed minimum size at brooding, 19.1+/-3.7 mm and 15 mm respectively, was observed at Clam Bay from the Dabob Bay population. 

4. Discussion
Our primary objective for this study was to evaluate population performance in Puget Sound Washington. The reciprocal transplant of Olympia oysters at distinct Puget Sound Washington locations yielded important new information on basic life history characteristics, including maturation as female in the first year of life, and first year average fecundity. Differential performance of populations in diverse environments suggest the existence of local adaptation in Olympia oyster populations. 

4.1 Ostrea lurida Life History
	
4.1.1 Mortality
	Temperature appears to be a likely factor affecting mortality in Olympia oysters. This observation is consistent with the review from Couch and Hassler (1989); these authors described the average temperature range in the Puget Sound experienced by O. lurida as 5 ̊C to 20 ̊C. In the present study, populations growing at sites with more days that exceeded this range exhibited increased mortality. 
 The overall high mortality observed at Dabob Bay is likely attributed to temperature. The Dabob Bay site exceeded the temperature range reported by Couch and Hassler (1989) on 35% of the total days (85 out of 242 days) with two subfreezing events of -0.78 ̊C and -3.3 ̊C in December 2013 and February 2014 respectively. The Oyster Bay site, which also experience significant mortality, had a total of 39 days outside of the 5-20 ̊C range. The majority (34 days) were above the upper limit (20 ̊C) but not near the lethal temperature (LT50) of 39 ̊C reported by Wasson et al., (2014). The Clam Bay site remained within the average temperature range, and had the highest survival of all sites. 
Overall, temperature appears to affect mortality, with elevated temperatures more detrimental to survival. Burford et al. (2014) showed that environmental gradients, especially temperature, were most likely responsible for early life mortality at sites with more variation and higher temperatures. The average temperature range proposed by Couch and Hassler (1989) appear accurate, and the data presented here suggests that subfreezing temperatures are more likely to cause winter mortality. 
	
4.1.2 Growth
Based on our findings Olympia oysters can attain an average size of 35.8 mm +/-6.4 (SE=0.594, SD=6.401, CI=1.177) during the first year of growth (Table 1) This is in contrast to what Couch and Hassler (1989) reported that O. lurida reach 35-45 mm in size in 2-3 years in South Puget Sound. Some individuals attained sizes >45 mm which is similar to largest growth reported in a single year (Couch and Hassler, 1989). Oyster Bay had the largest average size 30.0 +/- 6.6 mm (SE=0.314, SD=6.643, CI=0.616) (Table 1) as well as the warmest temperatures year round which may have induced higher primary productivity than at other sites and provided more energy for growth in each population. Fidalgo Bay had colder temperatures year round but likely experienced enough primary productivity to induce moderate growth in all populations, average size 27.5 +/-5.4 mm (SE=0.160, SD=5.378, CI=0.315) (Table 1). The Oyster Bay site experienced nearly 2 full months, 57 days, more growing season than the Fidalgo Bay site, possibly leading to consistently more available energy for consumption and growth.  The Clam Bay site had temperatures similar to that of Fidalgo Bay but may have experienced lower primary productivity and possibly because of such all populations were on average (23.3+/-5.4 mm (SE=0.200, SD=5.374, CI=0.394)) smaller than the same populations at other sites (Table 1). Overall growth in each area may have been influenced by the amount of available energy within the environment for consumption and growth.

4.1.3 Reproduction
In this study, O. lurida reproduce as females in the first year of growth, at an average minimum size of 19.1+/-3.7 mm. The average size of brooding females was 27.14 +/- 4.46 mm (SE=0.311, SD=4.46, CI=0.613). This result is surprising, given previous research (Hopkins, 1936; Coe, 1931; Couch and Hassler, 1989; Baker, 1995) that describes O. lurida as being unable to reproduce as females until at least their second year (Coe, 1931) at sizes of 35 mm or greater (Coe, 1931; Hopkins, 1936; Baker, 1995). 
It has been generally accepted that O. lurida begin spawning at relatively low temperatures (13 ̊C Coe, 1931; 12.5 ̊C Baker, 1995). Hopkins (1936) suggested that this temperature threshold must occur during high tide, which is related to the daily minimum temperature. We found at all sites brooding only occurred after daily minimum temperatures increased above 12.5 ̊C. At Oyster Bay, temperatures steadily rose from late winter throughout spring and summer. This steady increase allows O. lurida to spawn much earlier in the season than at other sites while providing ample primary productivity to sustain larval growth. On the other hand, Fidalgo Bay was slow to stabilize above the 12.5 ̊C mark until late spring which delayed spawning activities in all populations by a few weeks. Spawning regularity at Fidalgo Bay occurred once temperatures remained above 12.5 ̊C. Daily minimum temperatures at Clam Bay were very slow to reach the 12.5 ̊C threshold and consistently dipped below it for all of spring and early summer. For the majority of the sampling period very few brooding oysters were observed at this site which is likely related to the low temperatures and instability around 12.5 ̊C. The degree to which temperature influences oyster metabolism versus primary production requires further investigation.

4.2 Population Differences

4.2.1 Mortality
Survival differed significantly among populations. At all transplant sites, the population derived from Dabob Bay parents exhibited better survival than the other two populations; this difference was statistically significant at three of the four transplant sites. Observed temperature variability at Dabob Bay may be indicative of historic trends. If so, the increased survival of the Dabob Bay population could be a function of increased stress resilience in response to prevalent temperature extremes. In previous studies on thermal tolerance, it has been shown that species such as Bay scallops, Argopecten irradians, (Brun et al., 2008) and Mediterranean mussels, Mytilus galloprovincialis, (Dutton and Hofman, 2009) that experience more frequent exposure to temperature extremes produce more heat shock proteins (HSP) and HSP mRNA transcripts when subjected to warmer temperatures than those that do not. This suggests that species that experience more frequent heat stress devote more resources into the production of proteins to stabilize cell functions and maintain homeostasis. In addition, Sørensen et al. (2004) found that many species exhibit heritable heat shock protein production patterns. This may mean that in the Dabob Bay population the higher survival rates observed are a heritable survival trait that comes with increased energetic cost with reduction in growth and reproduction. 

4.2.2 Growth
At all transplant sites, the population derived from Dabob Bay parents exhibited the least amount of growth. This observation is likely related to the fact this population also had the highest survival. Applebaum et al. (2014) found that energetic tradeoffs may improve survival, a fitness component, over growth. Arendt (1997) showed that “stress tolerators” exhibit slower intrinsic growth that is relatively unresponsive to improved conditions. Unlike the Dabob Bay population, the Fidalgo Bay population exhibited significant growth in the warmer southern region with longer growing periods. 
At Oyster Bay, oysters from Fidalgo Bay grew significantly larger than the native population. One explanation to why the Fidalgo Bay oysters grew better than their native counterparts at Oyster Bay is that the Fidalgo Bay oysters may have adapted to grow at a more efficient rate given the shorter growing season in Fidalgo Bay. The amount of available energy in Oyster Bay for growth was most likely used for increased growth in the Fidalgo Bay population. If this were this case, it is consistent with similar findings in other species such as Pine trees, Pinus sylvestris, (Savolainen et al., 2007), Atlantic silversides, Menidia menidia, (Yamahira and Conover, 2002), and Eastern oysters, Crassostrea virginica, (Dittman et al., 1997). 

4.2.3 Reproduction
At all transplant sites, the Oyster Bay population had greater proportion of brooding females than the other two populations. This pattern was statistically significant at the Fidalgo Bay and Oyster Bay sites and evident, despite the overall low number of brooding females, at the Clam Bay site. In addition to a greater proportion of brooding females, the Oyster Bay population reached a spawning peak at 308 and 354 degree days at Oyster and Fidalgo Bay, respectively, much earlier than the other two populations both of which reached the peak at 453 and 513 degree days at each site, respectively. Spawn timing may have developed in response to environmental variables most suitable for offspring survival (Barber et al., 1991). The rate of temperature increase at a site, may act on spawn timing by pressuring populations to spawn earlier due to rapid warming or later due to slow or disturbed warming trends (Lawrence and Soame, 2004). If temperature variation observed in each bay are consistent with historic trends, it is possible that the rapid increase of ambient water temperatures to sustained warm periods in South Puget Sound may have freed early spawning oysters in the Oyster Bay population from selection pressure. It is also possible that competition for available resources increases later in the season due to increases in larval from other species such as mussels. Also if these temperature trends are accurate, the population from Fidalgo Bay may be under selection for late spawning oysters due to the slow increase and late spring warm temperatures. 
	
4.3 Conclusion
	In conclusion, significant differences in life history traits among Ostrea lurida populations within Puget Sound Washington demonstrate adaptations possibly linked with environmental cues. Traits such as the high survival of the Dabob Bay population may be due to extreme environmental variation at their home site which has led to stress resilience adaptations. The enhanced growth of Fidalgo Bay animals in an area with a longer growing season may be indicative of differences in energy allocation for growth as compared to the other populations. While the greater proportion of brooding females in the Oyster Bay population is likely related to an ease of selection pressure against early spawners due temperature trends at their home site. These findings have implications for ongoing restoration efforts as well as for future plans of study on the life history of Olympia oysters. 
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Figure 1. Map of Puget Sound with Broodstock and Outplant Sites. Conditioning site is Port Gamble (G). Broodstock collected from Fidalgo Bay (F), Dabob Bay (D), Oyster Bay (O). Outplanted at Fidalgo Bay (F), Dabob Bay (D), Clam Bay (M), Oyster Bay (O).
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	Group / Site
	Fidalgo Bay
	Clam Bay
	Oyster Bay

	Fidalgo Bay
	29.1+/-5.1
	24.4+/-5.8
	35.8+/-6.4

	Dabob Bay
	24.4+/-4.5
	21.5+/-4.9
	28.0+/-5.6

	Oyster Bay
	28.9+/-5.1
	24.0+/-4.9
	28.0+/-5.2


Table 1. Average Size for each group at each site after 13 (Oyster Bay) or 14 (Fidalgo and Clam Bays) months post outplant. Sizes in mm. 
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Figure 2. Minimum Observed Daily Temperatures for All Sites. Dabob Bay = Green, Clam Bay = Blue, Fidalgo Bay = Purple, Oyster Bay = Orange

[image: mintemp.jpeg]Figure 3. Maximum Observed Daily Temperatures for All Sites. Dabob Bay = Green, Clam Bay = Blue, Fidalgo Bay = Purple, Oyster Bay = Orange
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Figure 4. Proportion Survival for Three Oyster Populations. (Dabob Bay = Blue, Fidalgo Bay = purple,. Oyster Bay = orange) at four locations; Oyster Bay (A),  Clam Bay (B),  Dabob Bay (C), and Fidalgo Bay (D). Lowercase letters(a,b,c) are significant differences. 
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Figure 5. Oyster Size in September 2014 at Oyster Bay. Boxplots with mean size as central line and boxes represent second and third quartile. Horizontal lines are 1st and 4th quartile with dots representing outliers from data set.  Letters indicate significant differences.

[image: boxplotfidfixed.jpeg]Figure 6. Oyster Size in October 2014 at Fidalgo Bay. Boxplots with mean size as central line and boxes represent second and third quartile. Horizontal lines are 1st and 4th quartile with dots representing outliers from data set.  Letters indicate significant differences.
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Figure 7. Oyster Size in October 2014 at Clam Bay. Boxplots with mean size as central line and boxes represent second and third quartile. Horizontal lines are 1st and 4th quartile with dots representing outliers from data set.  Letters indicate significant differences.
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Figure 8. Percent Brooding Females from Each Population at Each Sample Date at Oyster Bay. Percent determined by number of brooding females (Br) divided by number of open oysters (T) or %=(Br/T)*100. Blue = Dabob Bay, Purple = Fidalgo Bay, Orange = Oyster Bay.  
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Figure 9. Percent Brooding Females from Each Population at Each Sample Date at Fidalgo Bay. Percent determined by number of brooding females (Br) divided by number of open oysters (T) or %=(Br/T)*100. Blue = Dabob Bay, Purple = Fidalgo Bay, Orange = Oyster Bay.  
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Figure 10. Percent Brooding Females from Each Population at Each Sample Date at Clam Bay. Percent determined by number of brooding females (Br) divided by number of open oysters (T) or %=(Br/T)*100. Blue = Dabob Bay, Purple = Fidalgo Bay, Orange = Oyster Bay. 
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