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23rd NorthWest Algal Symposium Program
Camp Casey, Whidbey Island, Washington

	Friday Afternoon, May 8

	15:00
	Registration and Housing Assignments at Headquarters: 

	18:00
	Dinner (Mess Hall)

	Friday Evening, May 8

	19:30


	Informal Social (on the beach or in the Mess Hall depending on weather)

Poster Set up (Mess Hall)  (Plan to remove Posters by noon Sunday May 10)

	Saturday Morning, May 9

	08:00
	Breakfast (Mess Hall)

	08:00
	Registration resumes in Mess Hall 

	08:45
	Welcome 

	09:00
	Field Trip: Leave for Partridge Point (see map elsewhere in program)

	10:15
	C/T Break (Mess Hall) (for those not field tripping)

	
	Low Tide

Partridge Point (10:32AM, -1.44ft)

Penn Cove (11:59AM -1.55ft)

	11:30
	Return to Camp Casey

	12:00
	Lunch (Mess Hall)

	Saturday Afternoon, May 9

	13:00
	Contributed Papers (Auditorium Building)

	13:00
	CHANGES IN DISTRIBUTION OF BULL KELP (Nereocystis luetkeana (Mertens) Postels et Ruprecht IN PUGET SOUND 

Thomas Mumford, & Helen Berry. Washington Department of Natural Resources, Olympia



	13:15
	THE EFFECTS OF SALINITY AND LIGHT ON THE GROWTH OF SUGAR KELP, SACCHARINA LATISSIMA, UNDER LABORATORY CONDITIONS
Tania Spurkland and Katrin Iken
School Fisheries and Ocean Sciences, University of Alaska Fairbanks


	13:30
	Rates of oxygen production and photosynthesis in the sori of Nereocystis luetkeana during their development
June Mohler, University of Washington, Friday Harbor Laboratories, Friday Harbor, Washington 


	13:45
	REGULATION OF RECRUITMENT BY BANKS OF DELAYED GAMETOPHYTES IN KELP FORESTS 
Laura T. Carney1, Andrew J. Bohonak1, Filipe Alberto2, Matthew S. Edwards1. 1Department of Biology, San Diego State University, San Diego, California.
2Centro de Ciências do Mar do Algarve, Universidade do Algarve, Faro, Portugal



	14:00
	REPRODUCTIVE INVESTMENT STRATEGIES IN CORALLINE ALGAE

Kevin A. Miklasz.  Hopkins Marine Station, Stanford University, Monterey, California

.

	14:15
	Quantifying growth and calcium carbonate deposition of a coralline alga in the field using a persistent vital stain
Patrick T. Martone, Dept of Botany, University of British Columbia, Vancouver, BC Canada



	14:30
	A SUBTIDAL COLLECTION OF SEAWEEDS FROM REDFISH ROCKS AND PORT ORFORD, OREGON

Gayle Hansen & Jim Golden, Oregon State University & Golden Marine Consulting, Newport, Oregon
 

	14:45
	 C/T Break (Mess Hall)

	15:15
	Range expansion of Cystoseira foeniculacea into an Irish sea lough: A response to global warming and/or urchin demise?
Cynthia D. Trowbridge, Colin Little, and Penny Stirling. Department of Zoology, Oregon State University, Newport, Oregon and Beggars Knoll, Westbury, UK



	15:30
	EXPERIMENTAL RE-ESTABLISHMENT OF THE ROCKWEED, SILVETIA COMPRESSA, ON URBAN SOUTHERN CALIFORNIA SHORES
Stephen G. Whitaker, J.R. Smith, and S.N. Murray. California State University Fullerton, Department of Biological Science and College of Natural Sciences and Mathematics, Fullerton, CA



	15:45
	NATIVE CLAMS FACILITATE INVASIVE SPECIES IN AN EELGRASS BED
Laura F. White1 and Lindsay C. Orr2. 1Department of Zoology, the University of British Columbia, Canada; 2University of Victoria, Canada


	16:00
	MICROHABITAT AFFECTS THE DISTRIBUTION OF TWO ALGAL SYMBIONTS HOSTED BY THE INTERTIDAL SEA ANEMONE ANTHOPLEURA XANTHOGRAMMICA

Mike Levine. Graduate student, Western Washington University



	16:15
	SELECTED MARINE POEMS: A NEW DIRECTION 
Annette Olson. Seattle, Washington
.

	16:30
	Poster Session (Mess Hall) Authors to be available for discussion until 17:15

	
	ENVIRONMENTAL GRADIENTS AND ZONATION OF TWO ALGAL SYMBIONTS IN AN INTERTIDAL SEA ANEMONE 

James Dimond, Ileana Freytes, Almeida Gutierrez.  Shannon Point Marine Center, 1900 Shannon Point Rd., Anacortes, WA


	
	TEMPORAL VARIATION IN WATER QUALITY AT SITES WITH LOW AND HIGH MACROALGAL ABUNDANCES IN PENN COVE, WHIDBEY ISLAND, WASHINGTON

Sue-Ann Gifford1, Kathy Van Alstyne1, and Tim Nelson2, 1Shannon Point Marine Center, Western Washington University, Anacortes, WA, 2 Seattle Pacific University, Seattle, WA




	
	Growth and dmsp response to airborne DMS in the alga Ulva lactuca
Jennifer Middleton, Department of Biology, Fisk University, Nashville, Tennessee. Kathy Van Alstyne, Shannon Point Marine Center, Western Washington University, Anacortes, Washington


	
	SHOREZONE’S REGIONAL BIOAREAS IN ALASKA
Mary C. Morris1, Mandy R. Lindeberg2, Susan M. Saupe3, 1Archipelago Marine Research Ltd., Victoria, BC, 2Auke Bay Laboratories, Alaska Fisheries Science Centre, NOAA Fisheries, Juneau, AK, 3Cook Inlet Regional Citizens Advisory Council, Kenai, AK


	
	BIOLOGICAL FABRICATION AND TESTING OF A DIATOM-BASED PHOTOVOLTAIC SOLAR CELL 
Clayton Jeffyres, Timothy Gutu, Haiyan Li, Jun Jiao, and Gregory L. Rorrer. Department of Chemical Engineering, Oregon State University, Corvallis, Oregon, and Department of Physics, Portland State University, Portland, Oregon.

	Saturday Evening, May 9

	17:30

18:30 
	Pre-Banquet Social (Officers Club, NAS Whidbey) (see map elsewhere in program)

Banquet  (Officers Club, NAS Whidbey)

	19:30


	Banquet Speaker: Dr. Sandra Lindstrom, University of British Columbia, Vancouver, British Columbia. 35 years in the wilderness: reflections on Alaskan seaweeds

Do not be surprised if there is an auction afterwards

	Sunday Morning, May 10

	08:00
	Breakfast (Mess Hall)

	09:00
	NWAS Business meeting

	09:45
	C/T Break (Mess Hall)

	10:00-12:00

10:00

10:15

11:00

11:30

11:40
	Rare, Endangered and Cryptic Seaweeds in the Pacific Northwest: A Workshop.  
Moderator: Thomas F. Mumford, Jr., Washington Department of Natural Resources, Olympia, WA
INTRODUCTION AND PURPOSE
STATUS AND RANK METHODOLOGY: MODIFICATIONS FOR MARINE ALGAE AND MARINE ALGAL COMMUNITIES?  EXAMPLES

John Gamon, Washington Department of Natural Resources, Olympia, WA
APPLICATION TO AN EXAMPLE MARINE ALGAL SPECIES AND COMMUNITY

Gayle Hansen. Hatfield Marine Science Center, Oregon State University, Newport, OR
Preliminary list of rarely collected marine macroalgae and seagrasses of oregon
DEVELOPMENT OF FUTURE DATA NEEDS, PRODUCTS, WORK ASSIGNMENTS AND TIMELINE

	11:30
	Take down posters if you have not already done so and have a safe trip home

	12:00
	Lunch  (Mess Hall)

	Sunday Afternoon, May 10

	13:00-
15:00
	Endangered, Rare and Cryptic Seaweeds Workshop may continue after lunch
Participants To document additional species, communities and sites for consideration: Compile list of species, communities and sites recommended for conservation


ABSTRACTS: Talks
REGULATION OF RECRUITMENT BY BANKS OF DELAYED GAMETOPHYTES IN KELP FORESTS
Laura T. Carney1, Andrew J. Bohonak1, Filipe Alberto2, Matthew S. Edwards1. 1Department of Biology, San Diego State University, San Diego, California.
2Centro de Ciências do Mar do Algarve, Universidade do Algarve, Faro, Portugal

Maintaining banks of delayed stages is an important strategy in heterogeneous environments. In addition to allowing a population to survive stressful conditions, these banks may increase effective population size and buffer against the loss of genetic diversity. This strategy has been well-studied in many taxa, including freshwater invertebrates and terrestrial plants and recently has been discovered in macroalgae. We present data on the contribution that banks of delayed gametophytes make to both the genetic diversity and recruitment of kelp species within a giant kelp forest in Southern California. Kelp recruitment was monitored in experimental plots where the bank of delayed gametophytes was removed and compared with plots where the bank was intact. Gametophyte bank removal delayed the establishment of the full kelp assemblage for at least 14 weeks. For new Macrocystis pyrifera recruits and adults within the plots genetic diversity was examined across 10 microsatellite loci. A parentage analysis was used to identify potential dispersal patters and relatedness was examined among each cohort.

A SUBTIDAL COLLECTION OF SEAWEEDS FROM REDFISH ROCKS AND PORT ORFORD, OREGON

Gayle Hansen & Jim Golden, Oregon State University & Golden Marine Consulting, Newport, Oregon

Surprisingly little information exists on the diversity of subtidalseaweeds in Oregon.  Currently, the State is in the process of selecting subtidal areas to serve as marine reserves, and the need for site-specific species richness data has become apparent.  Last summer, wewere given the opportunity to survey the seaweeds and associated invertebrates at Redfish Rocks, one of two sites along the Oregon coast selected for status as pilot marine reserves.  Located in southwestern Oregon just south of Cape Blanco, this near-shore area is characterized by a series of 6 pinnacle rocks that protrude above sea level and a seafloor that consists of bedrock, boulder, cobble, and sand subjected to strong currents.  The area is fully exposed and battered by heavy winds and waves much of the year.  Our “window in the weather” for SCUBA diving came in late September 2008 when Jim Golden and Tekna Diving Services conducted 3 days of collecting at Redfish Rocks and Port Orford at depths ranging from 3 to 18 meters.  Despite the late summer season, we were able to collect, archive, and identify 60 different subtidal seaweeds and 126 invertebrate epifauna.  Among the seaweeds, there were 12 new records to Oregon, including Laminaria longipes, Laminaria cf. complanata, Acrochaete n. sp., Pogotrichum filiforme, Porphyropsis coccinea, and Ptilothamnionopsis lejolisea.  The presentation will include pictures of the identifying features of these and other unusual subtidal species and also preliminary information on the molecular biology of the problematic

MICROHABITAT AFFECTS THE DISTRIBUTION OF TWO ALGAL SYMBIONTS HOSTED BY THE INTERTIDAL SEA ANEMONE ANTHOPLEURA XANTHOGRAMMICA
Mike Levine, Western Washington University, Bellingham, WA.

The intertidal sea anemone Anthopleura xanthogrammica hosts members of two algal phyla, zooxanthellae (Symbiodinium sp.) and zoochlorellae, green algae recently named a new species of Elliptochloris, either alone or in combination (mixed). Microhabitats within the intertidal zone may influence both the type and density of symbiotic algae hosted by anemones. Tentacles of individual anemones were sampled repeatedly on a seasonal basis from a site on the outer Strait of Juan de Fuca, WA to quantify algal distributions in microhabitats providing a range of temperature and irradiance regimes.  Symbiont distributions in anemones in two microhabitats - tidepools (habitats that provide constant immersion during low tides) and surge channels (habitats that expose anemones to aerial exposure during emersion) – show that anemones host zoochlorellae in increasing densities at lower shore heights in both microhabitats, with mixed individuals more common higher in the intertidal. In addition, there is a trend towards lower algal densities in surge channels than in tidepools, with significantly lower algal concentrations in anemones in the high surge channel environment than in other microhabitats. Temperature data loggers at the site suggest that surge channels experience greater temperature fluctuations on daily and seasonal scales than tidepools, providing a potential driver for differences in algal composition and density. Microhabitat-mediated differences in A. xanthogrammica symbiotic composition occur on very small spatial scales, and these local variations are likely to affect responses to general climatic warming trends.

35 years in the wilderness: reflections on Alaskan seaweeds

Sandra Lindstrom. Department of Botany, University of British Columbia, Vancouver, Canada
Although Alaska is a relatively young state (celebrating 50 years of statehood as the 49th state in 2009), seaweed collection for scientific study began there more than two centuries ago.  During the 19th century, numerous new species were described from the region, including still recognized species Alaria (now Eualaria) fistulosa, Corallina (now Pachyarthron) cretacea, Corallina (now Calliarthron) tuberculosa, Fucus (now Nereocystis) luetkeanus, Gigartina (now Endocladia) muricata, Microcladia borealis, and Soranthera ulvoidea among others.  Other newly described species, which often showed some slight morphological deviation from previously described species, have fallen by the wayside as synonyms of those earlier species.  In the early 20th century, Saunders and Setchell and Gardner described additional new taxa, some as formas to emphasize perceived morphological differences.  Even through the late 20th century, we were still using primarily morphological characters to recognize previously undetected specific differentiation: Wynne and Lebednik adding significantly to the Aleutian flora, and Lindstrom concentrating on species from Southeast Alaska.  Now in the early 21st century, we have come nearly full circle as we begin to resurrect some of these earlier synonymized species based on distinctive genotypes and sometimes previously overlooked morphological features.  That’s not to say that we are not still recognizing new species based on unique morphologies: the Golden V kelp, Aureophycus aleuticus, is a recent example.  Additional examples will be mentioned, and biogeographic patterns will be presented.  Alaska continues to surprise us with the diversity of its flora given its often hostile environment.

Quantifying growth and calcium carbonate deposition of a coralline alga in the field using a persistent vital stain

Patrick T. Martone, Dept. of Botany, University of British Columbia, Vancouver, BC Canada

Growth and calcium carbonate deposition rates of the coralline alga Calliarthron cheilosporioides were quantified by monitoring fronds in the intertidal zone that had been chemically labeled with the non-toxic fluorescent brightener Calcofluor white.  This vital stain effectively labeled apical meristems of coralline thalli in the field: fronds exposed for only five minutes had detectable chemical marks at least 1.5 years later.  By distinguishing portions of thalli that developed before and after exposure, this methodology permitted accurate measurement of growth and calcium carbonate deposition at each meristem.  In Calliarthron, meristematic activity declined with increasing frond size.  However, because growing fronds dichotomize, the total number of meristems and the deposition rate of new calcified tissue both increased with frond size.  Growth rates reported here suggest that large fronds may not be as old as previously estimated.  The Calcofluor white method may improve demographic studies of corallines by resolving growth and age of fronds in the field, and may facilitate studies of climate change on calcium carbonate deposition in these ecologically-important, calcifying algae.

REPRODUCTIVE INVESTMENT STRATEGIES IN CORALLINE ALGAE

Kevin A. Miklasz.  Hopkins Marine Station, Stanford University, Monterey, California.


Typical reproductive strategies, such as r s. K selection, are well described in animals, and to some degree plants.  But in the relatively few algal studies that exist, the typical reproductive patterns described for animals have not been found.  Often different measurement techniques of reproductive effort have made between-study comparisons difficult, if not impossible.  Coralline algae, on the other hand, are an excellent group of algae in which to investigate patterns of reproductive strategy.  Coralline algae reproduce through well defined reproductive cavities called conceptacles.  The conceptacles are of taxonomic importance, so their shape and size has been well described for many species.  Additionally, the range of spore sizes in coralline algae spans the entire range of spore sizes found in red algae, so any investment strategy in algal offspring size should be apparent in coralline algae.  I performed a meta-analysis of the reproductive features of coralline algae to look for typical reproductive strategies.  I found that the r vs. K selection paradigm did not provide a good explanation for the patterns found in coralline algae.  As an alternate explanation, I would like to suggest that algal spore size is unrelated to reproductive investment issues, rather it is entirely constrained by the physical factors that the spores may face in different habitats.

Rates of oxygen production and photosynthesis in the sori of Nereocystis luetkeana during their development
June Mohler, University of Washington, Friday Harbor Marine Laboratories, Friday Harbor, Washington 
Nereocystis luetkeana (Mert.) Post. and Rupr., or “bull kelp” is the predominant canopy-forming kelp of the Pacific Northwest coast of North America.  Like other kelps, its life cycle includes two generations, the large, asexual sporophyte, and microscopic, sexual gametophyte.  Nereocystis sporophytes are annual and have unique deciduous sori.  Zoospores, once free of the sori, are capable of photosynthesis, which extends the period of time before they must settle, increasing their chances of locating favorable conditions.  I attempted to examine whether and at what rate, relative to adjacent blade tissue, the sori photosynthesize during their development, and if the rate changes over time.  I tested samples from sporophytes growing in two beds along a North-facing shore of San Juan Island, Washington, using an oxygen-sensitive electrode in a lighted chamber.  Though not statistically significant, the results implied that rates of photosynthesis in the sori likely decrease with maturity.  Sori photosynthesized at a significantly lower rate than adjacent blade tissue, but at a high enough rate to generate more oxygen than they consumed for respiration.  Young blade tissue conducted photosynthesis at a significantly higher rate than intermediate-aged blade tissue.  Both blades and sori reached their saturation rate (Pmax) at lower levels of irradiance than those measured in the kelp beds on a sunny day.
CHANGES IN DISTRIBUTION OF BULL KELP (Nereocystis luetkeana (Mertens) Postels et Ruprecht) IN PUGET SOUND 

Thomas Mumford, & Helen Berry. Washington Department of Natural Resources, Olympia, Washington 

The large laminarian species, Nereocystis luetkeana (Mertens) Postels et Ruprecht, commonly known as bull kelp, occurs throughout Puget Sound, Washington. The sporophyte phase is relatively easy to map because of its obvious floating canopy, and consistent and persistent occurrence in “beds” Careful examination of a variety of map sources dating back to the late1800’s, including a comprehensive survey conducted in 1911-12, and personal and anecdotal evidence, indicate a [possible] large decline in its distribution in central and southern Puget Sound. In comparison, Nereocystis and Macrocystis populations along the Strait of Juan de Fuca and outer coast do not show major changes over the last century. Factors leading to changes in kelp abundance are likely to differ among regions; hypothesized stressors include water quality, substrate, sea urchin abundance, and shifts in algal community structure toward climax species. The comparative importance of the gametophyte versus sporophyte phases in this change is not clear.

SELECTED MARINE POEMS: A NEW DIRECTION 
Annette Olson. Seattle, Washington.

The triptych, Three Poems Written on the Eve of My Fiftieth Birthday, considers different dimensions of the poet’s relationship with the intertidal: as forager, contemplator, and poet/scientist. In Don Raingear, a landlubber is offered a new way to experience the rocky intertidal.  Oregon Coast Highway Patrol is a narrative recollection of an encounter after an early tide of sampling experimental plots.  
THE EFFECTS OF SALINITY AND LIGHT ON THE GROWTH OF SUGAR KELP, SACCHARINA LATISSIMA, UNDER LABORATORY CONDITIONS
Tania Spurkland and Katrin Iken
School Fisheries and Ocean Sciences, University of Alaska Fairbanks
There is a need to understand how habitat-building organisms of coastal ecosystems react to changing environmental conditions. Stressful environmental conditions are created through the accelerated melting of glaciers, resulting in changes in the salt budget and sediment load of coastal regions. These regions harbor some of the world’s most productive ecosystems, such as kelp beds. Changes in environmental factors, especially reduced light and salinity, may result in loss of kelp habitat structure. The aim of this study was to assess Saccharina latissima growth under different environmental conditions. An assessment of spatial variation of environmental factors in kelp beds on the environmentally distinct north and south shores of Kachemak Bay, Alaska in summer 2006 showed lower salinity, lower light intensity, and higher inorganic sedimentation at the north shore. Separate controlled laboratory tests assessed the effects of varying salinity treatments (S = 10, 20 and 31) and light treatments (5, 20 and 50 µmol photons m-2  s-1) on growth of juvenile S. latissima from both shores. Overall, growth decreased with decreased salinity and light. Growth rates of juveniles from opposite shores were significantly different at the upper two salinity and light levels with the south shore exhibiting higher growth rates. Within plants from both shores, growth was not significantly different at the upper two salinity and light levels. All juveniles grew negligibly at the lowest salinity levels. Plants from opposite shores responded differently to the same environmental treatments in the laboratory, which suggests possible genetic variation in growth strategy. 
Range expansion of Cystoseira foeniculacea into an Irish sea lough: A response to global warming and/or urchin demise?

Cynthia D. Trowbridge, Colin Little, and Penny Stirling. Department of Zoology, Oregon State University, Newport, Oregon and Beggars Knoll, Westbury, UK.
The fucalean alga Cystoseira foeniculacea (Linnaeus) Greville was first reported in the UK in the 1960s with subsequent Irish records in the 1970s. The alga was not reported in 1910 during the Clare Island survey, but in the resurvey (1990-2002) the alga was present in tidepools at one site. This appearance could represent a recent range expansion from warmer waters. Yet, the alga was present in small amounts in western Ireland (under the name Cystoseira discors (Linnaeus) C. Agardh) and may have just proliferated during warmer periods. In southwestern Ireland, the fully marine Lough Hyne has long been known to contain a mixture of boreal and Lusitanian species. If global warming allows some species to spread north, the proportion of Lusitanian species in this lough would presumably rise. Cystoseira has been present in small amounts in the lough since at least 1981. In 2003 the alga began to appear in our monitoring stations around the lough; by 2008, Cystoseira was an abundant, often dominant, member of the local biota. An alternate explanation for the alga’s proliferation in the lough was the population crash of the urchin Paracentrotus lividus.  Urchin populations on the north shore peaked in 2000, and subsequently declined exponentially. Between 2004, when Cystoseira accounted for a relatively low percentage of algal cover on the north shore, and 2007, when it had increased substantially, urchin numbers declined by two orders of magnitude. The reduction in urchin grazing pressure may have facilitated the spread of Cystoseira.  

EXPERIMENTAL RE-ESTABLISHMENT OF THE ROCKWEED, SILVETIA COMPRESSA, ON URBAN SOUTHERN CALIFORNIA SHORES
Stephen G. Whitaker, J.R. Smith, and S.N. Murray. California State University Fullerton, Department of Biological Science and College of Natural Sciences and Mathematics, Fullerton, CA 92834-6850
Previous research has indicated that many rocky intertidal macrophyte communities in southern California are now characterized by reduced abundances of larger seaweeds, having shifted towards less productive flora dominated by smaller, disturbance-tolerant turf and crustose algae. One species in widespread decline is the canopy-forming, mid-intertidal rockweed Silvetia compressa, which provides microhabitat for a diversity of organisms. Restoration has been successful in the re-establishment of depleted, ecologically important species in terrestrial and estuarine habitats but has rarely been attempted on rocky shores. In two phases, we experimentally investigated methods for re-establishing Silvetia and examined factors that may affect restoration success. In Phase I, we implemented a three-way factorial design with simulated canopy and herbivore exclusion treatments applied at four sites and used two out-planting methodologies: 1) seeding through relocation of fertile receptacles and 2) transplanting juvenile Silvetia thalli. Silvetia has been locally extinct at two of these sites for >30 years. The seeding technique was unsuccessful while transplant survival was low, although enhanced by presence of canopy; there was no site effect. In Phase II, we used a two-way factorial design, transplanting two sizes classes of rockweeds on vertical and horizontal surfaces at a single site. Survival of transplanted thalli and naturally occurring thalli, tagged at a nearby site, were compared. Survival of transplanted thalli was lower than natural thalli; however, larger transplants exhibited significantly higher survival rates than smaller thalli, particularly on vertical surfaces. Mortality was higher on horizontal surfaces likely due to differences in desiccation stress and human trampling. 

NATIVE CLAMS FACILITATE INVASIVE SPECIES IN AN EELGRASS BED 
Laura F. White1 and Lindsay C. Orr2. 1Department of Zoology, the University of British Columbia, Canada; 2University of Victoria, Canada.
Potential impacts of the introduced seaweed Sargassum muticum on native eelgrass (Zostera marina) have been largely ignored despite the two species occupying the same tidal position, based on evidence that S. muticum cannot colonize the soft sediments eelgrass inhabit. We found S. muticum colonizing the siphons of the native horse clam Tresus capax within a large expanse of eelgrass in Bamfield Inlet, BC, Canada. By facilitating this invasive seaweed through habitat provisioning, the native clam is providing an introduction vector for the incursion of S. muticum into the eelgrass bed, which in turn is providing habitat for two non-native tunicate species, Styela clava and Botrylloides violaceus. However S. muticum attached to clam siphons had a lower total abundance of epibionts than individuals attached to rock. Using field sampling and experimental trials, we explored differences in the seaweed promoted through attachment to the two substrates (clam siphon and rock). The different substrates promoted different morphologies of S. muticum; individuals colonizing clam siphons exhibited morphologies consistent with a wave exposed area compared to individuals colonizing rocks exhibiting a sheltered morphology. S. muticum attached to clam siphons had reduced O2 production compared to individuals attached to rock, suggesting facilitation of S. muticum into the eelgrass by T. capax may be tempered by the plant quality. This unique example of interspecific exotic facilitation in an ecologically important system highlights that S. muticum does have the potential to disrupt the persistence of eelgrass in this habitat.
ABSTRACTS: Posters
ENVIRONMENTAL GRADIENTS AND ZONATION OF TWO ALGAL SYMBIONTS IN AN INTERTIDAL SEA ANEMONE 

James Dimond, Ileana Freytes, Almeida Gutierrez.  Shannon Point Marine Center, 1900 Shannon Point Rd., Anacortes, WA 98221

Gradients in physical factors such as light and temperature occur at multiple spatial scales and often drive patterns in species’ distributions.  From Oregon to Alaska, the dinoflagellate Symbiodinium muscatinei (zooxanthella) and an un-named chlorophyte (zoochlorella) can both be found within the gastroderm of the intertidal sea anemone Anthopleura elegantissima.  These two symbionts differ substantially in their responses to light and temperature; Symbiodinium thrives under relatively high light and high temperature conditions, while the opposite is true of the zoochlorella.  We hypothesized that algal physiology could result in meso- and micro- scale zonation of the algal symbionts based on the environmental gradients in the intertidal zone and within anemone tissues.  Algal densities and mitotic indices in anemones at different tidal heights and at different levels within the body column of individual anemones were measured.  Anemone body temperatures in a wind tunnel were also measured to better understand the intertidal microclimate experienced by algal symbionts.  We found increases in the relative proportion of zoochlorellae at lower tidal heights and towards the base of individual anemones, largely consistent with physiological tolerances.  In the wind tunnel, anemones were capable of considerable evaporative cooling which kept their body temperatures consistently cooler than the surrounding air for prolonged periods.  Temperature profiles inside anemones were complex and changed over time.  These preliminary results indicate that environmental gradients can affect this symbiosis at multiple scales.

TEMPORAL VARIATION IN WATER QUALITY AT SITES WITH LOW AND HIGH MACROALGAL ABUNDANCES IN PENN COVE, WHIDBEY ISLAND, WASHINGTON

Sue-Ann Gifford1, Kathy Van Alstyne1, and Tim Nelson2. 1Shannon Point Marine Center, Western Washington University, Anacortes, WA, 2Seattle Pacific University, Seattle, WA

The ulvoid macroalgae Ulva lactuca, Ulva linza, Ulva prolifera, and Ulvaria obscura are abundant along the western shore of Penn Cove during the summer, while the northeastern shore is largely devoid of macroalgae.  A variety of factors might influence ulvoid algal abundance and growth, including seawater temperature, salinity, nutrient levels, light availability, and topography.  The presence of macroalgae might also influence local pH and oxygen levels.  We measured temperature, salinity, pH, and dissolved oxygen between June 2006 and March 2009 at two sites in Penn Cove using Hydrolab DS5 datasondes.  One datasonde was on the western end of the cove (West Penn Cove) where macroalgae were abundant, and the other (Monroe Landing) was at the eastern end, where macroalgae were scarce.  The amount of green macroalgae in each location was also monitored during the growing season.  There were unexpectedly large temporal variations in all parameters on scales ranging from daily to yearly; however, the patterns were similar at the two sites.   Maximum and minimum pH and oxygen levels were more extreme at West Penn Cove than Monroe Landing during the summer, suggesting that the macroalgal blooms at the western site may be influencing seawater chemistry.

SHOREZONE’S REGIONAL BIOAREAS IN ALASKA

Mary C. Morris1, Mandy R. Lindeberg2, & Susan M. Saupe3, 1Archipelago Marine Research Ltd., Victoria, BC, 2Auke Bay Laboratories, Alaska Fisheries Science Centre, NOAA Fisheries, Juneau, AK, 3Cook Inlet Regional Citizens Advisory Council, Kenai, AK

ShoreZone is a habitat inventory and mapping system that is currently being applied in Alaska and thousands of kilometers of shoreline have been classified since 2001. Biophysical attributes are systematically described and mapped in alongshore shoreline ‘units’, defined spatially at scales of hundreds of meters and smaller. As different areas of coastlines have been mapped, regional patterns in the distribution of key biological and geomorphic features have been documented. These regions are identified in ShoreZone as ‘bioareas’. Each small-scale unit is classified within a bioarea. Attributes that distinguish between bioareas include: the occurrence of intertidal indicator species; the species of canopy kelps; wave exposure; and dominant coastal morphology. These same attributes are the features in ShoreZone that determine the classification of coastal habitats. Qualitative descriptions based on observations and data summaries from the detailed scale of mapping describe each bioarea. For example, the Icy Strait bioarea in Southeast Alaska is characterised by abundant nearshore dragon kelp, by the absence of other canopy kelps, and by wide intertidal zones.  The outer coast of Southeast Alaska in the Sitka bioarea is defined by diversity of coastal geomorphology, exposed and lower wave energies, lush biobands at higher exposures including extensive giant kelp and bull kelp biobands. Twelve bioareas are described so far in Alaska, and more will be added as ShoreZone classification is continued.  Bioareas provide a regional context for managers using the detailed inventory of shorelines that is provided in ShoreZone. On-line ShoreZone aerial imagery and program information is available at www.alaskafisheries.noaa.gov/maps.
BIOLOGICAL FABRICATION AND TESTING OF A DIATOM-BASED PHOTOVOLTAIC SOLAR CELL 

Clayton Jeffyres, Timothy Gutu, Haiyan Li, Jun Jiao, and Gregory L. Rorrer. Department of Chemical Engineering, Oregon State University, Corvallis, Oregon 97331, and Department of Physics, Portland State University, Portland, Oregon 97207.
Diatoms are single-celled algae that make silica shells called frustules that possess periodic structures ordered at the micro- and nanoscale.  Nanostructured TiO2 was deposited onto the frustule biosilica of the diatom Pinnularia sp.  Poly-L-lysine (PLL) conformally adsorbed onto surface of the frustule biosilica. The condensation of soluble Ti-BALDH to TiO2 by PLL-adsorbed diatom biosilica deposited 1.32 ± 0.17 g TiO2/g SiO2 onto the frustule.  The periodic pore array of the diatom frustule served as a template for the deposition of the TiO​2 nanoparticles, which completely filled the 200 nm frustule pores and also coated the frustule outer surface.  Thermal annealing at 680 oC converted the biogenic TiO2 to its semiconducting (anatase form) with an average nanocrystal size of 19 nm. This material was integrated into a dye-sensitized solar cell device and then tested for its ability to convert solar radiation to electricity.   The electrical current output increased by a factor of three when the diatom-TiO2 thin film was added to an anatase TiO2 base later.   The difference was not due to the increase in the amount of TiO2 in the device, because the amount of diatom-TiO2 was small (<1%) relative to the anatase TiO2 base layer.  Instead, the periodic structure of the intact frustule pores may have helped to improve photon capture.  This is the first reported study of directing the peptide-mediated deposition of TiO2 into a hierarchical nanostructure using a biologically fabricated template.  This study also illustrates how these materials can be integrated into photovoltaic device structures.

Growth and dmsp response to airborne DMS in the alga Ulva lactuca
Jennifer Middleton1 and Kathy Van Alstyne2, 1Department of Biology, Fisk University, Nashville, Tennessee, 2Shannon Point Marine Center, Western Washington University, Anacortes, Washington
Ulva lactuca, a green alga, produces the volatile compound dimethylsulfide (DMS), a breakdown product of dimethylsulfionopropionate (DMSP), as a chemical defense to protect itself from physiological stress or herbivore grazing.  Terrestrial plants can use volatile chemicals that are released by neighboring plants when they are grazed as a signal to produce increased levels of defenses.  I hypothesized that algae producing DMSP would respond similarly to airborne DMS; therefore, higher levels of DMSP and lower growth rates would occur in U. lactuca exposed to DMS than in control U. lactuca not exposed to DMS. To test this hypothesis, I exposed U. lactuca to DMS for 6 hours and measured algal size and DMSP concentration over 2 weeks.  The results of my experiment showed that U. lactuca exposed to DMS initially had higher concentrations of DMSP, but then had reduced DMSP concentrations 12 to 15 days following exposure. At the end of the experiment, algae exposed to DMS were significantly larger than the unexposed control algae.

IMMUNOLOCALIZATION OF DOPAMINE IN THE MARINE ALGA ULVARIA OBSCURA DIFFERS WITH USE OF MONOCLONAL AND POLYCLONAL ANTIBODIES.
Camille E. Wendlandt and Richard L. Ridgway, Department of Biology, Seattle Pacific University


The temperate green alga Ulvaria obscura secretes dopamine as an anti-herbivore defense molecule in response to tissue damage.  The mechanism for dopamine release, however, is not well understood.  Because the thallus of U. obscura is monostromatic it is an ideal candidate for whole-mount confocal microscopy, by which optical sectioning of the tissue is possible.  The purpose of our study was to localize dopamine in the cells of U. obscura by pairing this technique with immunohistofluorescence.  Tissue samples were fixed, permeabilized by partial enzymatic cell wall digestion, and then incubated in either commercial polyclonal or monoclonal antibodies generated against a dopamine conjugate.  The polyclonal antibody stained numerous vesicular structures along the inside of the cell membrane.  The monoclonal antibody, however, stained larger granular structures throughout the cytoplasm, as well as the starch plates surrounding pyrenoids.  The variation in dopamine distribution suggests that differences in specificity may exist between the two dopamine antibodies.  In both cases, staining was limited to cells near the cut edges of tissue samples.  A parallel study using a monoclonal antibody to α-tubulin showed similarly restricted staining, suggesting that this phenomenon is due to an inability of our probes to penetrate further into the tissue rather than a limited distribution of dopamine itself.  Further studies are aimed at more effectively localizing dopamine in U. obscura tissues while preserving cellular structure.
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