28th NorthWest Algal & Seagrass Symposium Program
Casey Conference Center, Seattle Pacific University
Coupeville, Washington   May 6 – 8, 2016
	Friday     Afternoon, May 6

	
	

	 3:00
	Registration & Housing Assignments in BACHELOR OFFICERS’ QUARTERS (BOQ)
Poster set up in BOQ – plan to remove posters by 11:30 AM Sunday



	Friday   
 6:30
	Evening, May 6
Dinner  in Mess Hall A

	
	

	 7:30

8:30

	Welcome to the 28th NWASS!  in BOQ
Overview of Algal Biofuel Research at the Pacific Northwest National Laboratory  Scott J. Edmundson and Michael H. Huesemann. Pacific Northwest National Laboratory, Marine Sciences Laboratory, Sequim, WA.
Social Hour in GARRISON HALL 

	
	

	Saturday Morning, May 7

	
	

	 7:30
	Breakfast  in Mess Hall A

	
	

	 8:00
	Registration resumes in BOQ

	
	

	 8:30
	Welcome & Contributed Papers in BOQ

	
	

	 9:00
	EFFECTS OF HYPOXIA AND SULFIDE INTRUSION ON EELGRASS (ZOSTERA MARINA)
Melissa Ciesielski, Department of Environmental Sciences, Western Washington University, mmcski17@gmail.com
David H. Shull, Department of Environmental Sciences, Western Washington University
Sylvia Yang, Shannon Point Marine Center, Western Washington University


	 9:15
	SULFIDE CONCENTRATION INCREASES FROM ADDED PHYTODETRITUS IN ZOSTERA MARINA SEDIMENTS

Alexandra G. Simpson. Department of Environmental Sciences, Western Washington University, Bellingham, Washington. 


	 9:30
	FROM RED TO GREEN: SMITHORA NAIADUM AND ASSOCIATED EPIFAUNA ON ZOSTERA MARINA 

Gwendolyn Griffiths, Department of Zoology, University of British Columbia 

	9:45
	SEAGRASS EPIPHYTES AS A NUTRIENT STRESSOR INDICATOR: APPROACHES TOWARDS DEVELOPMENT OF THRESHOLD VALUES.

Walter Nelson, US EPA, Pacific Coastal Ecology Branch, Western Ecology Division, 2111 SE Marine Science Dr., Newport OR 97365, nelson.walt@epa.gov


	10:00
	Coffee/Tea Break 

	
	

	10:30
	PALEOLIMNOLOGY OF LAKE HARRIET HUNT, ALASKA: PRELIMINARY RESULTS OF A SHORT SEDIMENT CORE ANALYSIS

Christopher Donar.  Department of Biology, University of Alaska Southeast-Ketchikan, Alaska. cdonar2@uas.alaska.edu


	10:45
	PHYCOLOGICAL PEDAGOGY: INSPIRING INTEREST IN THE STUDY OF MARINE MACROALGAE TO THOSE IN ACADEMIA AND BEYOND
Elizabeth Lacey. School of Natural Sciences and Mathematics, Stockton University, Galloway, New Jersey.  elizabeth.lacey@stockton.edu


	11:00

11:15

11:30

12:00
	CAN KELP BEDS PERSIST IN THE FACE OF ALTERED COMMUNITY STRUCTURE IN HOWE SOUND, BRITISH COLUMBIA?

Laura Borden. Department of Botany, University of British Columbia, Vancouver, British Columbia lauraborden2@gmail.com
SEA URCHIN ABUNDANCE AND PREDATOR-AVOIDANCE BEHAVIOUR REGULATE KELP CONSUMPTION IN HIGH LATITUDE TEMPERATE REEFS

Jenn M. Burt1,2, Kyle W. Demes1,2, Dan K. Okamoto1, Ondine Pontier2, Anne K. Salomon1,2

1 - Department of Resource and Environmental Management, Simon Fraser University, Burnaby, British Columbia

2 - Hakai Institute, Quadra Island, British Columbia
CONVERGENT CORALLINES: JOINT MECHANICS AND CHEMISTRY IN INDEPENDENTLY EVOLVING, ARTICULATED CORALLINE ALGAE

Kyra G. Janot & Patrick T. Martone. Department of Botany, University of British Columbia, Vancouver, British Columbia, Canada.  kyra.janot@botany.ubc.ca
Lunch  in Mess Hall A

	
	

	Saturday Afternoon, May 7 

1:00          Contributed papers in BOQ

	
	

	1:00 
1:15
1:30

1:45

2:00
2:15
2:15

2:30

2:45

3:00

3:15-

4:15
	A KELP WITH INTEGRITY: MACROCYSTIS PYRIFERA PRIORITIZES TISSUE MAINTENANCE IN REPONSE TO NITROGEN FERTILIZATION

Tiffany Stephens (University of British Columbia, Canada; tiffanybot@gmail.com) & Chris Hepburn (University of Otago, New Zealand)
CORALLINE DIVERSITY ALONG A KELP FOREST DENSITY GRADIENT: HOW BARREN ARE URCHIN BARRENS? 

Patrick T. Martone* and Katharine R. Hind.  Botany Department and Biodiversity Research Centre.  University of British Columbia, Vancouver, Canada

MORPHOLOGICAL AND MECHANICAL REACTION NORMS ACROSS A GRADIENT OF PHYSICAL STRESS IN THE BROWN ALGA NEREOCYSTIS LUETKEANA

Liam Coleman. Department of Botany, University of British Columbia, Vancouver, British Columbia. liam.coleman@botany.ubc.ca
MARINE MACROPHYTES OF THE NORTHEAST PACIFIC

Thomas B. Widdowson. 4635 West Saanich Road, Victoria, B.C. awa@islandnet.com
Coffee & Tea Break

Biofuels Workshop in BOQ
THERMAL PETREATMENT OF MICROALGAE AND LIPID EXTRACTED ALGAL BYPRODUCT TOWARDS INCREASED METHANE YIELDS 
Michael D. Marsolek, Seattle University, Seattle, WA, USA  marsolek@seattleu.edu

ALKENONE-BASED BIOFUEL STRATEGIES USING COMMERCIAL ISOCHRYSIS MARINE MICROALGAE 

Gregory O’Neil, Western Washington University

UNLOCK THE POTENTIAL OF MICROALGAE FOR PRODUCING ADVANCED BIOFUELS AND BIOPRODUCTS 
Shulin Chen, Jose S. Martinez Fernandez, Na Pang, Yuxiao Xie, Washington State University, Pullman, WA
CLIMATE-SIMULATED CULTIVATION OF MICROALGAE FOR BIOFUELS IN INDOOR LED-ILLUMINATED RACEWAY PONDS
Peter H Chen & Michael H Huesemann.  Pacific Northwest National Laboratory Marine Sciences Laboratory, Sequim, Washington. peter.chen@pnnl.gov
Poster Session in AUDITORIUM B - Authors to be available for discussion until 4:15 PM

	
	Control of chlorophyll-a and lipid production in the photosynthetic diatom Cyclotella sp by co-limitation of silicon and nitrate in batch and fed-batch cultivation

Omar Chiriboga & Gregory Rorrer. School of Chemical, Biological and Environmental Engineering. Oregon State University. chiriboo@oregonstate.edu
CRUSTICORALLINA GEN. NOV: THE FIRST NON-GENICULATE GENUS IN THE SUBFAMILY CORALLINOIDEAE                                                         Cassandra Jensen, K. Hind, P.T.Martone, & P. Gabrielson. Department of Botany, University of British Columbia, Vancouver B.C. cassjensen10@gmail.com
MICRO-PHOTOLUMINESCENCE OF SINGLE LIVING DIATOM CELLS
Paul LeDuff, Guri Roesijadi, and Gregory L. Rorrer. School of Chemical, Biological, and Environmental Engineering, Oregon State University, Corvallis, Oregon. leduffp@oregonstate.edu
UNDER PRESSURE: BIOMECHANICS OF BUOYANCY IN BULL KELP (NEREOCYSTIS LUETKEANA)

Lauran Liggan & Patrick Martone. Department of Botany, University of British Columbia, Vancouver, British Columbia, Canada. liggan.l@gmail.com 
Four new species of foliose Bangiales (Rhodophyta) from the Aleutian Islands and vicinity
Sandra Lindstrom. Dept of Botany, University of British Columbia, Vancouver, Canada Sandra.Lindstrom@botany.ubc.ca Mandy Lindeberg. Auke Bay Laboratories, Alaska Fisheries Science Center, Juneau, Alaska. Daniel Guthrie. W. M. Keck Science Department, Claremont McKenna, Scripps & Pitzer Colleges, Claremont, CA
Maximization and Quantification of Fatty Acid Methyl Esters for Biofuels from Chromulina freiburgensis Dofl.
Heather Moslander, Douglas Cameron, Grant Mitman, and June Mohler. Chemistry and Biology Department, Montana Tech of the University of Montana, Butte, Montana. dr.algae@yahoo.com, HWHowe@mtech.edu
Monitoring growth and lipid content of Chromulina freiburgensis Dofl., an acidophilic chrysophyte, to explore its potential use in biodiesel production
June E. Mohler, Heather Moslander, Douglas Cameron and Grant Mitman.  Chemistry and Biology Department, Montana Tech of the University of Montana, Butte, Montana. Pterygophora@earthlink.net
COMPARISON OF SALINITY WITH NITROGEN AND CARBON CONTENT OF ULVOID ALGAE IN THE PUGET SOUND REGION
Charlotte Niauw & Timothy A. Nelson. Department of Biology, Seattle Pacific University, Seattle, Washington. kpniauw@spu.edu
RELATIONSHIPS BETWEEN CO2 CONSUMPTION AND CO-PRODUCT FORMATION DURING BUBBLE COLUMN PHOTOBIOREACTOR CULTIVATION OF THE DIATOM CYCLOTELLA UNDER LIGHT-LIMITED AND LIGHT-SATURATED GROWTH CONDITIONS

Altan Ozkan and Gregory L. Rorrer

School of Chemical, Biological, and Environmental Engineering, Oregon State University, Corvallis, OR, 97331 ozkana@onid.oregonstate.edu
DOPAMINE PRODUCTION AND STORAGE CORRELATE WITH ACIDIC COMPARTMENTS IN LIVING CELLS OF THE MARINE ALGA, ULVARIA OBSCURA
Je   Jessica Soderquist soderquistj@spu.edu & Richard L. Ridgway rridgway@spu.edu.


Department of Biology, Seattle Pacific University, Seattle, Washington.
AN EMPIRICAL TEST OF “UNIVERSAL” BIOMASS SCALING RELATIONSHIPS IN A DIVERGENT LINEAGE OF LARGE MARINE MACROALGAE.

Samuel Starko & Patrick T. Martone. Department of Botany, University of British Columbia, Vancouver, BC.  Samuel.starko@gmail.com
VALVE FORMATION IN ARAPHID DIATOMS

Mary Ann Tiffany. Dept. of Biology, San Diego State University & Shinya Sato. Royal Botanic Garden, Edinburgh. mtiffany24@yahoo.com

	
	A DOPAMINE-PABA ADDUCT ASSAY ENABLES SPECTROPHOTOMETRIC QUANTIFICATION OF DOPAMINE RELEASE BY THE MARINE ALGA, ULVARIA OBSCURA
Tayler Wyss wysst@spu.edu1, Thao Nguyen nguyent9@spu.edu2, Timothy A. Nelson tnelson@spu.edu1, & Richard L. Ridgway rridgway@spu.edu1.  Dept. of Biology1 and Dept. of Chemistry/Biochemistry2, Seattle Pacific Univ., Seattle, Washington.  

	

	
	

	
	

	                Saturday Evening, May 7
	

	
	

	 5:30

 6:30
	Pre-Banquet Social (Chief’s Club, Whidbey Island Naval Air Station – see map in program)

NWASS Banquet (Chief’s Club)

	
	NWASS Banquet Speaker: Dr. Robin Kodner, Department of Biology, Western Washington University  

PHYTOPLANKTON AND BACTERIAL COMMUNITY STRUCTURE OVER SPACE AND TIME AND IN RELATION TO OXYGEN MINIMUM ZONES IN BELLINGHAM BAY 

The World Famous NWASS auction follows the banquet speaker – bring your items to auction, your checks and PLENTY of cash!



	 
	Sunday, May 8

	
	

	
	

	07:30
	Breakfast in Mess Hall A & pick up boxed lunch

	8:30
	Prep for field trip to Point Partridge in BOQ


	
	

	
	

	9:00
	Field trip to Point Partridge 

Free Time for those who don’t go on the field trip:

Explore Fort Casey/Camp Casey

Hike

Beachcomb

Visit Coupeville

Catch up on old acquaintances – build new acquaintances!

Network with colleagues

Nap!

	
	

	12:00
	Lunch  (Mess Hall A - Sack Lunch - is part of the meal plan)

Clean up and check out.  Have a safe trip home and thank you for attending!


ORAL PRESENTATION ABSTRACTS:
CAN KELP BEDS PERSIST IN THE FACE OF ALTERED COMMUNITY STRUCTURE IN HOWE SOUND, BRITISH COLUMBIA?

Laura Borden. Department of Botany, University of British Columbia, Vancouver, British Columbia lauraborden2@gmail.com
Recent collapse of sea star populations along the Pacific Northwest has resulted in the near-total loss of a top predator in Howe Sound, British Columbia. Pycnopodia helianthoides – a previously super-abundant sea star species in Howe Sound – disappeared in late summer 2013. As a result, Strongylocentrotus droebachiensis populations exploded in 2014 with incidence of urchin barren reefs increasing. In Howe Sound, S. droebachiensis are believed to graze predominantly on Agarum fimbriatum, a highly abundant and dominant subtidal kelp in the region. In the face of increased pressure from grazers, I aimed to quantify the impact of higher urchin density on rate of kelp loss due to grazing. In ten independent grazing experiments where A. fimbriatum was transplanted to barren rocky reefs under various densities of S. droebachiensis, high grazer density resulted in a loss of greater than 40% of the kelp. With increasing density there was also an increase in grazing rate, suggesting that high densities of this grazer may compound the rate of kelp loss via positive feedback on conspecifics. Despite current records indicating a healthy abundance of A. fimbriatum in Howe Sound, this new data suggest that under an altered community structure composed of high densities of S. droebachiensis, it is likely that a decline in this important habitat-forming kelp will occur, with maximal summer growth rates of 5cm/day unable to compensate for loss due to grazing. 

SEA URCHIN ABUNDANCE AND PREDATOR-AVOIDANCE BEHAVIOUR REGULATE KELP CONSUMPTION IN HIGH LATITUDE TEMPERATE REEFS

Jenn M. Burt1,2, Kyle W. Demes1,2, Dan K. Okamoto1, Ondine Pontier2, Anne K. Salomon1,2

1 - Department of Resource and Environmental Management, Simon Fraser University, Burnaby, British Columbia

2 - Hakai Institute, Quadra Island, British Columbia
The existence of kelp forests and sea urchin barrens as alternative states has been identified globally by revealing inverse patterns of urchin abundance in relation to kelp abundance. What is less closely examined are the key processes that drive these transitions and the factors that influence key trophic rates. To address this gap, we conducted subtidal grazing assays to quantify how changes in the density, size, and behaviour of red urchins (Mesocentrotus franciscanus) influenced in situ grazing rates on kelp on rocky reefs of the central coast of British Columbia, Canada. Grazing rates were density dependent, such that kelp loss rates saturated as urchin density increased. Kelp consumption rates also varied considerably across urchin barren sites and were influenced by available drift kelp and urchin size. In a behavioural experiment, grazing rates were reduced in plots exposed to a predator-cue treatment (eviscerated urchin tests). At high urchin densities, this behavioural alarm response resulted in up to 27% less kelp being consumed relative to controls. In sum, our results reveal that a combination of numerical, behavioural and abiotic factors all contribute to influencing sea urchin grazing rates. Our data provide a unique process-oriented perspective of an ecosystem prone to rapid transitions and provide insight for predicting how changes in urchin grazing intensity may affect kelp forest recovery.

CLIMATE-SIMULATED CULTIVATION OF MICROALGAE FOR BIOFUELS IN INDOOR LED-ILLUMINATED RACEWAY PONDS

Peter H Chen & Michael H Huesemann.

Pacific Northwest National Laboratory Marine Sciences Laboratory, Sequim, Washington.

peter.chen@pnnl.gov
At Pacific Northwest National Laboratory’s Marine Sciences Laboratory in Sequim, potential algae strains for biofuel cultivation are rigorously characterized at the lab scale ([image: image2.png]1X107% ~1x10*



 L). Research of promising microalgae is continued in the field at larger scales ([image: image4.png]=1 X 10°?



 L), as the performance of strains differs significantly between scale settings. Outdoor field testing remains constrained by seasonal limitations and logistical arrangements. LED-illuminated and temperature-controlled indoor raceway ponds were designed and constructed at PNNL, adding the unique capability to perform large-scale experiments for different climatic conditions year-round at a single location. These 800-liter ponds have the ability to 1) simulate field locations as microalgae cultivation sites based on sunlight and temperature data and 2) determine the viability of microalgae strains for seasonal cultivation in specific geographical locations.  The freshwater alga Chlorella sorokiniana has been well-characterized as a candidate for summer biofuel cultivation in southern locations in the U.S.  We compared the biomass productivities of Chlorella sorokiniana UTEX 1228 and a cell-sorted sub-strain named ‘BD4’ generated by Los Alamos National Laboratory (LANL). The two strains were grown at PNNL in a series of indoor climate simulations replicating 30-year average light and temperature data for Mesa, Arizona in May and June. Experimental results show that the BD4 isolate can achieve an areal biomass productivity of ~22 g m-2 day-1, approximately double that of the wild-type UTEX 1228 strain, which yielded ~11 g m-2 day-1.  It remains unclear what mechanism allows for the greater biomass productivity, but studies are on-going at LANL and PNNL.

EFFECTS OF HYPOXIA AND SULFIDE INTRUSION ON EELGRASS (ZOSTERA MARINA)

Melissa Ciesielski, Department of Environmental Sciences, Western Washington University, mmcski17@gmail.com
David H. Shull, Department of Environmental Sciences, Western Washington University
Sylvia Yang, Shannon Point Marine Center, Western Washington University
Eelgrass, Zostera marina, provides critical habitat for many marine species in the Pacific Northwest. But, hypoxia threatens this important species. Hypoxia can lead to tissue anoxia and may facilitate the intrusion of pore-water sulfide, a known phytotoxin. Hypoxia and elevated pore-water sulfide can co-occur as a byproduct of eutrophication and, in some parts of Puget Sound, within sediments contaminated with wood waste. This study examined the interaction between sulfide and hypoxia on the growth and photosynthetic efficiency of eelgrass.  Eelgrass shoots were grown for six weeks in sediment enriched with agar to stimulate sulfide production. After three weeks half of the shoots were exposed to water column hypoxia (<2mg L-1).  Growth rate and photosynthetic efficiency were measured weekly. At the conclusion of the experiment, eelgrass tissue samples were collected for elemental analysis, to measure sulfide intrusion. The hypoxic treatment reduced the growth rate and photosynthetic efficiency of eelgrass, but only after a week of exposure. There was no direct effect of pore-water sulfide on the shoots, but under hypoxia sulfide intrusion occurred. These findings indicate that hypoxia harms eelgrass health and enhances the intrusion of sulfide into plant tissues, over a wide range of pore-water sulfide concentrations.  However, the lack of mortality during our study suggests that eelgrass shoots may be tolerant to short-term hypoxia even in the presence of high concentrations of power-water sulfide. 
MORPHOLOGICAL AND MECHANICAL REACTION NORMS ACROSS A GRADIENT OF PHYSICAL STRESS IN THE BROWN ALGA NEREOCYSTIS LUETKEANA

Liam Coleman. Department of Botany, University of British Columbia, Vancouver, British Columbia. liam.coleman@botany.ubc.ca
Phenotypic plasticity is the environmentally-mediated expression of multiple phenotypes from a single genotype. It can be a powerful adaptive mechanism for organisms living in heterogeneous environments. Macroalgae are known to exhibit many forms of phenotypic plasticity across various environmental gradients, including those of hydrodynamic stress. Seaweeds living in high current or wave exposure tend to have narrower, thicker, flatter blades than conspecifics growing in sheltered environments; this serves to reduce drag in flow and prevent dislodgement. Some species also show increased material strength when living in exposed areas. Both of these patterns have been shown to be the result of phenotypic plasticity in at least some instances. However, they have only ever been studied in a binary fashion by comparing populations growing in areas of high and low exposure. This study investigates the question of how morphology and mechanical properties vary in seaweeds across a range of mechanical stress conditions. The canopy-forming kelp Nereocystis luetkeana represents a well-studied example of brown algal morphological plasticity and so would make an excellent study system for this work. Nereocystis blades will be removed from the pneumatocyst below the intercalary meristem and hung from a dock with weights of known mass attached to the distal ends. Six weight treatment groups will be used corresponding to naturally occurring flow velocities of 0.5-1.5 m/s; there will be 15 blades per treatment group. The blades will be allowed to grow in situ for seven days and the resulting morphologies and material properties will be characterized and compared.

PALEOLIMNOLOGY OF LAKE HARRIET HUNT, ALASKA: PRELIMINARY RESULTS OF A SHORT SEDIMENT CORE ANALYSIS

Christopher Donar.  Department of Biology, University of Alaska Southeast-Ketchikan, Alaska. cdonar2@uas.alaska.edu
Diatom micro-fossils were examined from a 40 cm sediment core sample collected at a depth of 15 m, from Lake Harriet Hunt.  Sediments were characterized, sectioned at 1cm intervals and processed for microfossil analysis to test the hypothesis that acidic precipitation and increasing atmospheric nutrient inputs into Alaska lakes will produce quantifiable changes in diatom relative abundance and species composition.  Dark brown lacustrine sediments were found between 0-19 cm.  A layer of volcanic tephra was discovered at 20-27 cm that correlates to ~ 360 years BP.  Light brown lacustrine sediments were found from 28-40 cm.  Sedimentation rate was estimated to be ~ .08 cm per year.  Three stratigraphic diatom zones were defined based on relative abundance of diatom taxa and physical characteristics of sediments. A declining trend in benthic diatom diversity and relative abundance is observed in modern sediments.  Diatoms in the genus Aulacoseira spp. are a stable component of the planktonic flora throughout the sediment core, yet some taxa are less abundant and possibly extinct in modern sediments. Diatoms in the genus Tabellaria spp. are increasing in terms of relative abundance in modern assemblages.  
Overview of Algal Biofuel Research at the Pacific Northwest National Laboratory

Scott J. Edmundson and Michael H. Huesemann. Pacific Northwest National Laboratory, Marine Sciences Laboratory, Sequim, WA.
Algal biofuels offer the potential of a drop-in alternative to conventional fossil-fuels, a means to stabilize global carbon emissions, and a method for waste nutrient reclamation.  Investment of resources in the field has been vulnerable to the volatile price of petroleum crude oil.  PNNL’s recent advancements in hydrothermal liquefaction of algal biomass indicate that the generation of algal crude oil is a realistic alternative to petroleum-based fuels.  While generating algal crude oil is technically feasible, the cost of generating algal biomass remains the primary barrier of industrial-scale algal biofuel production.  General approaches to reign in the cost of biomass production are to increase annual biomass productivities or increase the value of the biomass produced.  Algal biofuel research at the Pacific Northwest National Laboratory (PNNL) Marine Sciences Laboratory is involved in multiple concurrent U.S. Department of Energy projects focused on generating renewable fuels from photosynthetic algae.  This presentation will give an overview of current projects and recent results obtained in the lab as well as describe the current algal biofuels field and areas of research needs.

FROM RED TO GREEN: SMITHORA NAIADUM AND ASSOCIATED EPIFAUNA ON ZOSTERA MARINA 

Gwendolyn Griffiths, Department of Zoology, University of British Columbia 

Ecological communities vary in space at a variety of scales. In marine communities dramatic changes in species composition can occur across a small spatial distance, and this has consequences for the large scale community landscape. Through an experimental manipulation of epiphytic seagrass communities, I examined the processes that drive abundance and distribution of Smithora naiadum, an epiphytic red algal species, in Zostera marina meadows on the central coast of British Columbia. I hypothesized that Smithora could be controlled by an environmental characteristic or by a shoot level characteristic. Using a reciprocal transplant I addressed the question of whether Smithora load was affected by location. I found that there was a significant interaction between source and final location on Smithora load. Uncolonized blades were colonized when placed in a high Smithora environment, while colonized blades did not lose their existing Smithora in a Smithora free environment. This indicates that spatial processes are likely shaping the distribution of Smithora in seagrass meadows. Using illumina sequencing of DNA isolated from surface swabs of seagrass transplants, I analyzed bacterial communities between seagrass shoots with and without Smithora. I found a significant difference between bacterial communities on shoots with and without Smithora. My results indicate that these bacterial communities could be altered by Smithora or could be subject to the same dispersal limitation as Smithora. This research hopes to shed light on what is driving epiphytic community composition in seagrass meadows in order to better understand marine metacommunity dynamics.  

CONVERGENT CORALLINES: JOINT MECHANICS AND CHEMISTRY IN INDEPENDENTLY EVOLVING, ARTICULATED CORALLINE ALGAE

Kyra G. Janot & Patrick T. Martone. Department of Botany, University of British Columbia, Vancouver, British Columbia, Canada.  kyra.janot@botany.ubc.ca
Flexible joints are a key innovation in the evolution of upright coralline algae. These structures have evolved in parallel at least three separate times, allowing the otherwise rigid, calcified thalli of upright corallines to achieve flexibility when subjected to hydrodynamic stress. As all bending occurs at the joints, stress is amplified, which necessitates that joints be made of material that is both extensible and strong. Data presented here indicate that coralline joints are indeed composed of unusually strong and extensible tissue when compared to fleshy seaweed; corallinoids are particularly strong, which is largely due to the presence of secondary cell walls that strengthen the joint tissue. Cell wall thickness is shown to be a large contributing factor to strength across all groups, with the exception of the corallinoid Cheilosporum sagittatum. Preliminary data suggests that the chemical composition of the cell wall also plays a role in the material strength of genicular tissue, thus it is likely that C. sagittatum possesses a cell wall chemistry that is distinct from that of other articulated coralline species.

PHYTOPLANKTON AND BACTERIAL COMMUNITY STRUCTURE OVER SPACE AND TIME AND IN RELATION TO OXYGEN MINIMUM ZONES IN BELLINGHAM BAY 

Robin Kodner, Western Washington University  robin.kodner@wwu.edu
Bellingham Bay, a shallow embayment within the Salish Sea, is a favorable environment for diverse microbial communities along a gradient from Nooksack River on the north end, and deeper ocean-water influenced areas on the south end. Bellingham Bay currently experiences seasonal hypoxia (defined in coastal waters as < 4 mg/L O2) in coastal regions. These hypoxic events in Bellingham Bay often move around in the water column and are sometimes found as pockets of low oxygen water at mid-depths . These pockets create rapidly changing environments for the phytoplankton communities and their associated bacterial community.  We have used environmental genomic methods, including amplicon sequencing for ribosomal genes (16S for bacteria and 18S for eukaryotes) and metagenomics to explore microbial community diversity and structure within an horizontal and vertical transect sampled weekly over two summers.  This is a high resolution sequence based studies of microbial communities.  
PHYCOLOGICAL PEDAGOGY: INSPIRING INTEREST IN THE STUDY OF MARINE MACROALGAE TO THOSE IN ACADEMIA AND BEYOND

Elizabeth Lacey. School of Natural Sciences and Mathematics, Stockton University, Galloway, New Jersey.  elizabeth.lacey@stockton.edu
Marine macroalgae may not be considered as charismatic as other inhabitants of the oceans yet they have been an important part of everyday life for thousands of years.  Abundant inspiration exists from which to explore the past, present and future of the cultural, economic and ecologic roles of marine macroalgae in general studies courses for non-majors, upper-division phycology courses, and during outreach events targeted at engaging the public in order to demystify algae.  The basis for this presentation is a general studies course called “Sensational Seaweeds” which was developed for 78 non-majors as part of a suite of electives used to fulfill a general science requirement at Stockton University. Students represented all 7 major disciplines offered at Stockton and the majority of students were freshmen or sophomores (85%) with limited high school science experience. Initial surveys established an overall negative or neutral opinion towards seaweed. Course activities were varied and included such activities as ecological debates, blog posts, a scavenger hunt and end of semester juried art festival and phyco-feast. At the end of the course, opinions had shifted towards neutral/positive. Many of the elements presented can be introduced at varied levels of intensity for use with traditional phycology courses as well as these general studies and public outreach experiences.
THERMAL PETREATMENT OF MICROALGAE AND LIPID EXTRACTED ALGAL BYPRODUCT TOWARDS INCREASED METHANE YIELDS 

Michael D. Marsolek, Seattle University, Seattle, WA, USA  marsolek@seattleu.edu
Liquid and gaseous biofuels can be produced from microalgae. Either whole-cell microalgae or lipid-extracted algal byproduct (LEAB) can be used as substrate for anaerobic digestion. A common cited cutoff of 40% lipid content is a general rule to help determine when digestion of whole-cell algae is energetically favoured over production of liquid fuels and subsequent digestion of LEAB.  In the case of whole cell digestion the process economics can be improved further by combining with nutrient removal in wastewater treatment. In the case of liquid fuel production, anaerobic digestion of the LEAB can improve process economics and overall system efficiency. However a shortcoming of digesting algal biomass is that methane yields are typically only 50-70% of those compared to sludge biosolids. In this paper thermal pretreatment is used to try and improve methane yields of whole-cell algae and LEAB. Energy balance is used to determine if increased energy generation offsets the energy requirements for pretreatment. An empirical model is developed to predict gains in biogas yield from pretreatment. And solutions are offered to overcome some of the limitations in thermally pretreating microalgae for subsequent anaerobic digestion.  

CORALLINE DIVERSITY ALONG A KELP FOREST DENSITY GRADIENT: HOW BARREN ARE URCHIN BARRENS? 

Patrick T. Martone* and Katharine R. Hind.  Botany Department and Biodiversity Research Centre University of British Columbia, Vancouver, Canada

According to the classic otter-urchin-kelp trophic cascade, when sea otters are removed from kelp forests, urchins increase in abundance, grazing down the kelps and ultimately creating “urchin barrens.” These denuded habitats represent an alternative state dominated by coralline algae, whose calcified thalli resist urchin grazing, and generally lead to declines in species diversity across all trophic levels. However, changes in coralline algal diversity across gradients of kelp density are often overlooked and have never been properly characterized. Moreover, recent studies have shown that morphological species concepts of coralline algae are deeply flawed and that we are significantly underestimating coralline diversity worldwide. Using DNA barcode identifications, we describe for the first time the species diversity of subtidal coralline algae at four sites along the central coast of British Columbia, Canada, representing a gradient of otter occupation, urchin abundance, and kelp forest density.  As expected, coralline abundance increased as kelp forests thinned. Coralline communities were surprisingly rich with 10-12 distinct species identified in kelp forests and 8-9 species identified in urchin barrens; several of these species are new to science and require taxonomic attention. However, coralline communities within urchin barrens showed reduced Shannon-Wiener diversity and evenness; a few coralline species, which were also present in kelp forests, significantly increased in abundance when kelps were removed. This mismatch between increased coralline abundance and decreased coralline diversity likely reflects grazer-mediated shifts in space or light competition, broadening our understanding of kelp forest dynamics.

SEAGRASS EPIPHYTES AS A NUTRIENT STRESSOR INDICATOR: APPROACHES TOWARDS DEVELOPMENT OF THRESHOLD VALUES.

Walter Nelson, US EPA, Pacific Coastal Ecology Branch, Western Ecology Division, 2111 SE Marine Science Dr., Newport OR 97365.  nelson.walt@epa.gov
Epiphytes on seagrasses have been studied for more than 50 years, and proposed as an indicator of anthropogenic nutrient enrichment for over 30 years.  Epiphytes have been correlated with seagrass declines, causally related to nutrient additions in both field and mesocosm experiments, and have quantifiable impacts on light available to host plants.  An extensive review of seagrass epiphyte literature was conducted to determine whether seagrass epiphyte metrics can be used as a biological indicator for nutrient impacts.  While a wide variety of epiphyte metrics have been used by authors, epiphyte biomass as biomass per unit seagrass biomass may be the most effective epiphyte indicator.  Regression analyses of epiphyte versus seagrass response metrics were used to estimate values representing potential thresholds for environmental concern.  Median epiphyte loads associated with 25 and 50% reduction in seagrass biomass, density and productivity are proposed as potential thresholds.  Location-specific modifying factors (grazing pressure, seagrass species) that cause variation in response pattern are the greatest challenge to regional scale applicability of threshold values.

ALKENONE-BASED BIOFUEL STRATEGIES USING COMMERCIAL ISOCHRYSIS MARINE MICROALGAE 

Gregory O’Neil, Western Washington University

Isochrysis is one of several species of haptophyte marine microalgae including the widely distributed coccolithophore Emiliania huxleyi and the closely related species Gephyrocapsa oceanica that in addition to triacylglycerols (TAGs), biosynthesize a unique suite of lipids known as polyunsaturated long-chain alkenones. Isochrysis is also one of only a select number of algal species farmed industrially, harvested for purposes of mariculture, and available in multi-kilogram quantities from several commercial suppliers internationally. We have developed methods for the production of multiple separate fuel streams from commercial Isochrysis biomass using both alkenones and fatty acids. Additionally, results from attempts to upgrade the waste algal biomass as a strategy to offset the biofuel production costs will also be presented.

SULFIDE CONCENTRATION INCREASES FROM ADDED PHYTODETRITUS IN ZOSTERA MARINA SEDIMENTS

Alexandra G. Simpson. Department of Environmental Sciences, Western Washington University, Bellingham, Washington. 

Sulfide toxicity, coupled with other environmental stressors, have caused seagrass declines worldwide. Yet, little is know about how seagrasses alter sediment chemistry due to the complexities of the root system and the addition of organic matter from the plant itself. To quantify the impact phytodetritus and the Zostera marina rhizosphere had on pore-water sulfide concentrations, laboratory studies were conducted over 4 weeks using 10 aquaria with or without eelgrass and 0-8 pieces of Z. marina detritus located at 4 cm and 11 cm depth. The relatively new technique of Diffusive Gradients in Thin-Films (DGTs) was used for a 2-D visualization of heterogeneity in sulfide concentrations and distributions within the sediment as a result of the added detritus and the rhizosphere. Using the DGT technique, the amount and location of detritus was found to impact pore-water sulfide concentrations within the sediment. The presence of eelgrass typically accounted for higher overall sulfide concentrations than the aquaria containing no eelgrass even after considering the variation of added detritus (p=0.004). In both eelgrass treatments, sulfide concentrations increased with higher amounts of added detritus (p=0.0009). Furthermore, higher sulfide concentrations were typically found at lower depths (p=0.03). Visually, the location of the rhizosphere indicated lower sulfide concentrations though this was not shown statistically. Regardless, this information can help us understand why in some cases seagrass are thought to lower sulfide concentrations and in others increase concentrations. It is likely that seagrasses are simultaneously increasing and decreasing sulfide concentrations simply depending on the location analyzed.
A KELP WITH INTEGRITY: MACROCYSTIS PYRIFERA PRIORITIZES TISSUE MAINTENANCE IN REPONSE TO NITROGEN FERTILIZATION

Tiffany Stephens (University of British Columbia, Canada; tiffanybot@gmail.com, Chris Hepburn, University of Otago, New Zealand. 

Our understanding of the response of vascular, terrestrial plants to nitrogen addition is advanced and provides the foundation for modern agriculture. In comparison, information on responses of marine macroalgae to increased nitrogen is far less developed. We investigated how in situ pulses of nitrate affected the growth and nitrogen physiology of Macrocystis pyrifera by adding nitrogen using KNO3 dissolution blocks during a period of low seawater nitrogen concentration. Multiple parameters (e.g. growth, pigments, soluble NO3-) were measured in distinct tissues throughout entire fronds (apical meristem, stipe, adult blade, mature blade, sporophyll, and holdfast). Unexpectedly, nitrogen fertilization did not enhance elongation rates within the frond, but instead thickness (biomass per unit area) increased in adult blades. Increased blade thickness may have enhanced tissue integrity as fertilized kelp had lower rates of blade erosion. Tissue chemistry also responded to enrichment; pigmentation, soluble NO3-, and %N were higher throughout fertilized fronds. Labelled 15N traced nitrogen uptake and translocation from nitrogen sources in the kelp canopy to sinks in the holdfast, 10 meters below. This is the first evidence of long-distance (> 1 m) transport of nitrogen in macroalgae. Patterns in physiological parameters suggest that M. pyrifera displays functional differentiation between canopy and basal tissues that may aid in nutrient tolerance strategies, similar to those seen in higher plants and unlike those seen in more simple algae (i.e. non-kelps). This study highlights how little we know about nitrogen additions and nitrogen-use strategies within kelp compared to the wealth of literature available for higher plants. 

MARINE MACROPHYTES OF THE NORTHEAST PACIFIC

Thomas B. Widdowson. 4635 West Saanich Road, Victoria, B.C. awa@islandnet.com
The database, in Microsoft Access, has evolved since its origin on punched cards. It now has about 80,000 records. About 60,000 of these refer to the UBC herbarium holdings from Alaska, BC, Washington, Oregon, California, and the Pacific side of Baja California. The rest come from the literature or other sources. Data, in 15 fields, are coded using the following considerations:

1. To preserve the original data

2. To group data in a meaningful way

3. If possible, to use codes which resemble the original text

Sitting on top of the database, the application Surfaceview enables retrieval by taxon, locality, and ecology. A taxon can be found through a fragment of the name, or by its place in the hierarchy. After a taxon is found, its geographical distribution is provided, both as a list of place names and as points on maps. A cross tab table also indicates its seasonal distribution. Localities can be found either by a fragment of a name, or by clicking on a point on a map. The taxa recorded from there are listed. Ecological data are both sparse and noisy. Analysis is restricted to common species, from a central coast between Yakutat and Point Conception, with records judged to be outliers filtered out. A user can choose from menus of geographical area, season, wave exposure, zone and substrate.   

UNLOCK THE POTENTIAL OF MICROALGAE FOR PRODUCING ADVANCED BIOFUELS AND BIOPRODUCTS 

Shulin Chen, Jose S. Martinez Fernandez, Na Pang, Yuxiao Xie, Washington State University, Pullman, WA
Microalgae have attracted considerable attention as cell factories for producing advanced biofuels and high-value bioproducts such as pigments. Our multidisciplinary research team has advanced the technology development by addressing the productivity, quality and cost of algal biofuel and bioproducts. We have made significant progress spanned the entire value chain from algal cultivation, metabolic pathway to fuel conversion. At first, we explored the carbon and light energy utilization and distribution mechanisms under different culture conditions including mixotrophic cultivation. We further maximized the carbon and energy utilization efficiency for biomass and product accumulation during algae cultivation. At second, we investigated the pathway for biosynthesis of high value products in different algal strains. The uncovered mechanisms controlling the bioproduct biosynthesis will provide us with the rational design principles for algal strains improvement. Finally, we developed Sequential hydrothermal liquefaction (SEQHTL), a versatile and tunable platform for producing a broad product portfolio by using algae biomass as a renewable feedstock. This was accomplished through transforming the conventional hydrothermal liquefaction (HTL) process into a biorefinery that has separate stages designed and operated specifically for producing target bioproducts. The research will create a paradigm shift in advancing biofuel research and development to enable cost-effective algal fuel. 

POSTER ABSTRACTS:
Control of chlorophyll-a and lipid production in the photosynthetic diatom Cyclotella sp by co-limitation of silicon and nitrate in batch and fed-batch cultivation

Omar Chiriboga & Gregory Rorrer. School of Chemical, Biological and Environmental Engineering. Oregon State University. chiriboo@oregonstate.edu
Controlling the metabolic pathways that microalgae have in a photobioreactor system to produce high value metabolites and biofuels is achieved by specific feeding strategies. Cell biomass, chlorophyll-a and lipid productivity by the marine diatom Cyclotella sp was studied in a batch and fed-batch cultivation under sequential co-limitation of two macronutrients, silicon (Si) and nitrate (N) in a bubble column photobioreactor. For the cultivation in the photobioreactors, cell suspension was assayed for cell number density, dissolved silicon and nitrate concentrations in the media. In specific points, biomass samples were analyzed for lipid and chlorophyll-a content. In batch cultivation, experiments were carried out in two stages, by co-limitation of Si and N. A total of 2mM N was added to experiments, but the sequence in which it was loaded differed during the different Stages. For Si, 0.8 mM was added on Stage I and II. In fed-batch cultivation, experiments are carried in two stages, stage I for cell synchronization, and stage II for the controlled addition of nutrients. The initial Si to N concentration ratio (Si/N) was 0.7, ratio which is maintained along the fed-batch cultivation. Results show that adding more N than Si on Stage I elicits lipid production.  In fed-batch experiments, results show that at low and high medium addition rates, lipid production is elicited and chlorophyll-a production is shut down at low medium addition rate. We have shown that metabolite production can be controlled with different feeding strategies in the marine diatom Cyclotella sp. 

CRUSTICORALLINA GEN. NOV: THE FIRST NON-GENICULATE GENUS IN THE SUBFAMILY CORALLINOIDEAE 

Cassandra Jensen, K. Hind, P.T.Martone, & P. Gabrielson. Department of Botany, University of British Columbia, Vancouver B.C. cassjensen10@gmail.com
Calcifying coralline algae play ecologically pertinent roles in marine habitats worldwide. DNA sequencing of molecular markers has revealed an underestimation of coralline diversity using morpho-anatomical characteristics alone. This gap in taxonomic knowledge will make it difficult to detect shifts in species biogeography and abundance in the future. Here we demonstrate that Pseudolithophyllum muricatum specimens identified by morphology are actually comprised of four distinct species using rbcL, psbA and COI-5P molecular markers. Further, we were able to sequence the historical lectotype of P. muricatum and confirm an exact match to one of our species. By analyzing18S rDNA (SSU) we demonstrate these four crustose species surprisingly fall within the Corallinoideae, a subfamily previously thought to include exclusively geniculate taxa. Thus, we resolve the identity of P. muricatum and propose Crusticorallina gen. nov. to accommodate these four species, which are all endemic to the Northeast Pacific. We demonstrate that the genus Crusticorallina has specific morphological characteristics that distinguish it from other coralline genera; however, morphology alone is not enough to distinguish the individual Crusticorallina species from one another. These results underline the importance of using genetics to resolve coralline taxonomy. 

Completing the Nutrient Cycle in Algae Biomass Production

Robert Kruk, Scott J. Edmundson, & Michael H. Huesemann

Pacific Northwest National Laboratory, Marine Sciences Laboratory, Sequim, WA 

The economic sustainability of algae biofuels is highly dependent on the operation and production costs of algae biomass. The medium for optimal growth in large-scale ponds is a major expense in generation of algal biomass and is expected to be intensified at industrial scale as direct competition with agricultural demands for nitrogen and phosphorus increase. Solid and liquid wastes generated from the hydrothermal liquefaction (HTL) processing of algal biomass are rich in phosphorus and nitrogen, respectively, along with all other nutrients required for growth and can be recycled back into algal biomass production. However, HTL waste contains various residuals, which can be inhibitory or toxic to algal growth. The growth of a highly productive strain, Chlorella sorokiniana DOE 1412, is reduced by 40% with just the addition of 0.5% (v/v) of the HTL liquid waste in a complete nutrient medium, and resulted in culture crashes. After an adaptation period, C. sorokiniana was capable of utilizing HTL liquid and solid wastes as the sole source of nutrients. Preliminary experiments indicated this strain was capable of achieving up to 79% of the growth rate observed in the standard, nutrient-replete medium BG-11.  Additionally, adding trace metals (including iron) improves the growth rate up to 91% compared to the BG-11 control cultures. Further research may lead to improving growth rates, reducing toxicity, and increasing algal resistance to HTL wastes in order to expand the potential for algae biomass production and cost reduction.

MICRO-PHOTOLUMINESCENCE OF SINGLE LIVING DIATOM CELLS

Paul LeDuff, Guri Roesijadi, and Gregory L. Rorrer. School of Chemical, Biological, and Environmental Engineering, Oregon State University, Corvallis, Oregon. leduffp@oregonstate.edu
Diatoms are single-celled microalgae that possess a nanostructured, porous biosilica shell called a frustule. This study characterized the micro-photoluminescence (PL) emission of single living cells of the photosynthetic marine diatom Thalassiosira pseudonana in response to UV laser irradiation at 325 nm using a confocal Raman microscope. The photoluminescence spectrum had two primary peaks, one centered at 500-510 nm that was attributed to the frustule

biosilica, and a second peak at 680 nm that was attributed to autofluorescence of

photosynthetic pigments. The portion of the micro-PL emission spectrum associated with

biosilica frustule in the single living diatom cell was similar to that from single biosilica frustules isolated from these diatom cells. The PL emission by the biosilica frustule in the living cell emerged only after cells were cultivated to silicon depletion. The discovery of the discovery of PL emission by the frustule biosilica within a single living diatom itself, not just its isolated frustule, opens up future possibilities for living biosensor applications, where the interaction of diatom cells with other molecules can be probed by micro-photoluminescence spectroscopy. 

UNDER PRESSURE: BIOMECHANICS OF BUOYANCY IN BULL KELP (NEREOCYSTIS LUETKEANA)

Lauran Liggan & Patrick Martone. Department of Botany, University of British Columbia, Vancouver, British Columbia, Canada.  liggan.l@gmail.com 

Maintaining buoyancy with pneumatocysts is essential for subtidal seaweeds with long flexible thalli, such as Nereocystis luetkeana (Nereocystis), to achieve an upright stature and compete for light. However, as Nereocystis grows, pneumatocysts are exposed to significant changes in hydrostatic pressure. Exposure to changing hydrostatic pressure could cause complications since the pneumatocyst is filled with gases that may expand or contract, potentially causing pneumatocysts to break, flood, and no longer be buoyant. This study explored how Nereocystis pneumatocysts resist biomechanical stress and keep the developing sporophyte upright in the water. 

Throughout development, pneumatocysts had an internal pressure consistently less than atmospheric pressure (between 3 to 100 kPa), indicating pneumatocysts always experience compressional loads. The structural integrity and design of the pneumatocyst to resist buckling was assessed by measuring compressional modulus (material stiffness), calculating material stress, analyzing critical geometry, and estimating critical buckling pressure. Young sporophytes found at depth with small pneumatocysts (inner radius = 0.8 - 0.9 cm; wall thickness = 0.2 cm) were demonstrated to have reached a critical size in development and are at greatest risk of buckling. Pneumatocysts do not adjust material properties or geometry to reduce wall stress, but they are naturally resistant to hydrostatic loads. Critically small pneumatocysts are estimated to buckle at 35 m depth, which was observed to be sporophytes’ lower limit in the field. Data suggest that hydrostatic pressure, not just light limitation, might explain the maximum depth to which Nereocystis is capable of growing.
Four new species of foliose Bangiales (Rhodophyta) from the Aleutian Islands and vicinity

Sandra Lindstrom. Dept of Botany, University of British Columbia, Vancouver, Canada Sandra.Lindstrom@botany.ubc.ca  Mandy Lindeberg. Auke Bay Laboratories, Alaska Fisheries Science Center, Juneau, Alaska. Daniel Guthrie. W. M. Keck Science Department, Claremont McKenna, Scripps and Pitzer Colleges, 925 N. Mills Avenue, Claremont, California. 

Foliose Bangiales are one of the world`s most valuable marine crops, with annual sales in the $2 billion range, and a number of species are harvested by indigenous peoples around the world as well.  Although none of the species occurring in Western Alaska are harvested, that potential still exists.  The only study that has focused on foliose Bangiales in this region is Wynne`s 1972 paper on "The genus Porphyra at Amchitka Island, Aleutians."  His study was done at a time when morphology was still the main method for seaweed identification.  Today, DNA sequencing is essential for identification of species such as foliose Bangiales, which have few morphological characters to distinguish them.  We have sequenced the rbcL gene in more than 100 collections of foliose Bangiales made in the Aleutian Islands and the western Alaska Peninsula during the past 25 years.  This work allows us to recognize four previously undescribed species, two in the genus Boreophyllum and two in Pyropia (the only species of Porphyra currently known to occur in the northeast Pacific are probably introductions, P. mumfordii and P. rediviva).  Boreophyllum aleuticum appears to be endemic to the Aleutian Islands whereas B. ambiguum is known to occur from the Yakutat area to the tip of the Alaska Peninsula.  The two previously undescribed species of Pyropia are more broadly distributed.  Pyropia taeniata, which was previously identified under the name Py. pseudolinearis, occurs from northern Southeast Alaska through the Aleutian Islands.  Pyropia unabbottiae, which is sister to Py. abbottiae, occurs from southern Vancouver Island to Attu Island.  Collections throughout the Aleutian Islands allow us to document the distribution of another dozen species of foliose Bangiales in this region, including Boreophyllum aestivalis, Fuscifolium tasa, Pyropia fallax, Py. fucicola, Py. gardneri, Py. kurogii, Py. nereocystis, Py. pseudolanceolata, Py. torta, Wildemania amplissima, W. norrisii, and W. variegata.

Maximization and Quantification of Fatty Acid Methyl Esters for Biofuels from Chromulina freiburgensis Dofl.

Heather Moslander, Douglas Cameron, Grant Mitman, and June Mohler. Chemistry and Biology Department, Montana Tech of the University of Montana, Butte, Montana. dr.algae@yahoo.com, HWHowe@mtech.edu
Growing acidophilic algae for the purpose of producing lipids for use as biofuels includes the process of optimizing conditions to maximize lipid production. Algae as a source of biofuel is most effective in open-pond systems when contamination by competing microbes is minimized by using acidic growing medium. This research focuses on growth and lipid production capabilities of Chromulina freiburgensis and techniques to increase production of lipids. This strain was selected because of its unique capability to grow under conditions of pH less than 3. Lipid production was tracked using Nile Red as an indicator for Fluorometric Analysis. Transesterification of the triglycerides to fatty acid methyl esters (FAMEs) was evaluated to process algae for the amount of usable biomass produced. The FAME products were analyzed by Gas Chromatography-Mass  Spectrometry (GC-MS) to determine the purity and quantity of usable FAMEs for biofuel. It was observed that the maximum amount of lipid production does not occur at the same time as the maximum growth point. The point at which maximum lipid production occurs with the highest cell count will be targeted for consistent harvesting of triacylglycerides for production and isolation of FAMEs. The efficiency of lipid production and growth is necessary for the feasibility of using acidophilic algae for renewable biofuel production.

Monitoring growth and lipid content of Chromulina freiburgensis Dofl., an acidophilic chrysophyte, to explore its potential use in biodiesel production

June E. Mohler, Heather Moslander, Douglas Cameron and Grant Mitman.  Chemistry and Biology Department, Montana Tech of the University of Montana, Butte, Montana. Pterygophora@earthlink.net
Chromulina freiburgensis thrives in the surface water of Berkeley Pit Lake (pH 2.4 – 2.6), a former open pit copper mine and Superfund site.  Having adapted to this extreme environment has given it advantages over other algae as a source of biofuels.  Not only can it be cultivated in toxic mine pit water, but the acidic conditions provide an advantage over competitors and protection from herbivores which would otherwise readily colonize open ponds or raceways practical for large scale production.  C. freiburgensis grows rapidly in pH 2.5 media and amasses large lipid reserves in response to changes in nutrient availability, such as decreasing nitrogen.  This research seeks to better understand how growth cycle and culture conditions relate to the quantity and quality of lipids produced, toward optimizing desirable lipid production.  The growth cycle of C. freiburgensis was monitored daily over a 60-day period, while lipid content of live cells was tracked using Nile Red, a lipophilic fluorescent dye.  Gas Chromatography-Mass Spectrometry (GC-MS) was used identify and quantify fatty acid methyl esters (FAMEs) after transesterification of lipids from harvested cells. 

COMPARISON OF SALINITY WITH NITROGEN AND CARBON CONTENT OF ULVOID ALGAE IN THE PUGET SOUND REGION

Charlotte Niauw & Timothy A. Nelson. Department of Biology, Seattle Pacific University, Seattle, Washington. kpniauw@spu.edu
Macroalgae in Puget Sound have historically been presumed to be growing under nitrogen-replete conditions due to abundant upwelled nitrogen, though past work in Dumas Bay suggests that a lower salinity site, far from the ultimate source of upwelling, might be nitrogen-limited.  Over the span of two months (July and August 2015), algae and water samples were collected at various beaches throughout the Puget Sound region during low tide. Nitrogen and carbon content and C:N ratios as well as salinity at each site were determined. Tissue nitrogen content was unusually high throughout the Sound in 2015.  A positive correlation between salinity and nitrogen tissue content was found for both July and August samples.  Thus the hypothesis that nitrogen limitation becomes more likely with lower salinity is supported.
RELATIONSHIPS BETWEEN CO2 CONSUMPTION AND CO-PRODUCT FORMATION DURING BUBBLE COLUMN PHOTOBIOREACTOR CULTIVATION OF THE DIATOM CYCLOTELLA UNDER LIGHT-LIMITED AND LIGHT-SATURATED GROWTH CONDITIONS

Altan Ozkan and Gregory L. Rorrer

School of Chemical, Biological, and Environmental Engineering, Oregon State University, Corvallis, OR, 97331 ozkana@onid.oregonstate.edu
The photosynthetic biorefineries of the future must rely on microorganisms that can flexibly produce a diverse array of valued co-products in addition to biofuels. Towards this end, unique biosynthetic capacities of the marine diatom Cyclotella were harnessed to make N-acetyl glucosamine biopolymer (chitin) microfibers as well as lipids for biofuels. The light intensity delivered to the diatom cell is a critical variable for controlling the net biosynthesis rate and selectivity of these products. This study characterized the influence of mean light intensity on CO2 consumption, and then correlated it to the production of biomass, lipids, and chitin during the cultivation of the diatom Cyclotella under five different mean light intensities ranging from light-limited to light-saturated conditions in a bubble-column photobioreactor. During photobioreactor cultivation, the cell suspension was analyzed for cell number density, biomass, lipid, chitin, and elemental content. Integral analysis of real time CO2 measurement combined with respiration analysis successfully predicted biomass carbon production with cultivation time. The final cell number density was controlled by silicon limitation, and was similar at all light intensities. However, the CO2 consumed for biomass and lipid production increased with increasing mean light intensity. Chitin production started after silicon depletion, and cells diverted up to about 20% of biomass carbon to the production of this metabolite during stationary phase under nitrogen-replete conditions. This study demonstrates the unique capability of Cyclotella to simultaneously produce two value-added metabolites, and also shows how real-time measurement of CO2 consumption can be used to track carbon flow into these products.         
DOPAMINE PRODUCTION AND STORAGE CORRELATE WITH ACIDIC COMPARTMENTS IN LIVING CELLS OF THE MARINE ALGA, ULVARIA OBSCURA

Jessica Soderquist, soderquistj@spu.edu & Richard L. Ridgway,  rridgway@spu.edu.


Department of Biology, Seattle Pacific University, Seattle, Washington.

Ulvaria obscura is unique among ulvoid macroalgae in releasing dopamine (DA) as an anti-herbivore defense mechanism.  The release can also occur due to environmental stress, such as when the alga becomes dessicated via tidal emersion.  Potentially toxic “green tides” can result when significant quantities of released DA is oxidized to highly reactive quinone derivatives.  In intact cells such quinone formation is rare, presumably because production and storage of DA occurs in compartments where oxidation is minimized (e.g., low pH conditions, presence of anti-oxidants).  Here we have used a novel histochemical method in which DA is reacted in situ with p-aminobenzoic acid to form an adduct with dopamine-o-quinone (DQ) that appears as a stable red chromophore in living cells.   Since DQ-PABA adduct formation is favored in acidic conditions (pH 4-5), in parallel experiments we have used a fluorescent probe (LysoSensor Green DND-189) to locate acidic compartments in Ulvaria cells.  Our results support the hypothesis that DA is produced in chloroplasts, primarily in thylakoid regions associated with pyrenoids.  It then appears to be transported to the cytosol where it is taken up and stored in ER/Golgi-derived acidic vesicles until released, either by regulated exocytosis or by loss of plasma membrane integrity (catastrophic release).  
AN EMPIRICAL TEST OF “UNIVERSAL” BIOMASS SCALING RELATIONSHIPS IN A DIVERGENT LINEAGE OF LARGE MARINE MACROALGAE.

Samuel Starko & Patrick T. Martone. Department of Botany, University of British Columbia, Vancouver, BC.  Samuel.starko@gmail.com
As plants fix carbon, they must distribute newly fixed photosynthate among various organs in order to maintain physiological processes and to ensure that they will develop into adults that are well suited to their environment. Ontogeny may interact with environmental constraints to generate specific biomass allocation patterns that produce plants of given sizes and structures. While biomass allocation patterns have received substantial attention among embryophytes, providing evidence of several “universal” scaling relationships associated with increasing body size, biomass scaling of plant-like marine macroalgae has never been comprehensively examined. The kelps (Laminariales) are the largest marine algae and allocate photosynthate among three organs (blade, stipe and holdfast) superficially analogous to those of land plants (leaves, stem and roots). In this study, we use an allometric approach to quantify developmental and evolutionary biomass scaling patterns in kelps. We assess (1) whether embryophyte-based derivations of biomass partitioning can be applied to large marine macroalgae and (2) whether the evolution of increased body size is accomplished by means of a predictable change in developmental biomass allocation. We demonstrate that biomass allocation patterns in kelps differ substantially from those of land plants and present evidence that larger kelp species have evolved increased investment in holdfast and stipe throughout development. Like embryophytes, increased stipe investment could be a response to increased light competition. However, in contrast to embryophytes, increased holdfast mass is likely associated with resistance to dislodgement. Despite substantial differences in organ biomass scaling, photosynthetic area and total dry mass scale to approximately the ¾ power.
VALVE FORMATION IN ARAPHID DIATOMS

Mary Ann Tiffany. Dept. of Biology, San Diego State University & Shinya Sato. Royal Botanic Garden, Edinburgh.  mtiffany24@yahoo.com
The formation in valves of three genera of araphid diatoms was followed. Environmental salinities varied from fresh to hypersaline.  All species begin with a sternum with bars (virgae) expanding from it on both sides. In Tabularia and Thalassionema these bars are exactly opposite each other, in Fragilaria they alternate. In most, a comb-like structure forms at the apices, this eventually becomes the apical pore field as additional pores are added. Rimoportulae form at the apices from a delicate ring of silica adjacent to the sternum or by fusion at the edge of two apical virgae (Thalassionema). As the virgae extend they form spade-like structures on each side that fuse to produce the valve edge. Development of cribra varies between species depending on the initiation of vimines (struts extending from the virgae).

EXPANDING ALGAL PRODUCTIVITIES UNDER WINTER CONDITIONS
Patrick L. Williams, Michael Huesemann, Scott Edmundson, Peter Chen, & Robert Kruk. Pacific Northwest National Laboratory, Marine Sciences Lab.  Patrick.williams@pnnl.gov
For algae-based biofuels to be sustainable and economically viable, the average annual biomass productivities of microalgae pond cultures needs to be increased. While numerous warm-weather strains have been identified that have high biomass productivities, there are very few characterized strains that can reach similar productivities in cold weather. Scenedesmus obliquus is currently the best-available cold-tolerant strain capable of sustained growth under winter conditions. The Huesemann lab recently tested a “polar Chlorella” strain which demonstrated promise as a top performer in cold conditions. After characterizing the strain, the alga was grown in PNNL’s Laboratory Environmental Algae Pond Simulator (LEAPS) simulating light and temperature conditions in Tucson, AZ during the month of February. In this simulated environment, polar Chlorella grew at a rate of 10.7 g·m-2·day-1. Furthermore, we conducted outdoor productivity in six 100L ponds in Rimrock, AZ, comparing the growth of polar Chlorella, Scenedesmus obliquus, and a binary culture inoculated with equal parts, by mass, of both cultures. After 5 days of growth, polar Chlorella, the binary culture, and Scenedesmus obliquus had average productivities of 11.4, 11.1, and 9.6 g·m-2·day-1 respectively with residuals all in excess of 0.98 and p<0.001. Polar Chlorella had statistically significant higher biomass productivity than Scenedesmus obliquus under cold conditions. Polar Chlorella promises to be an effective strain for winter biomass production.
A DOPAMINE-PABA ADDUCT ASSAY ENABLES SPECTROPHOTOMETRIC QUANTIFICATION OF DOPAMINE RELEASE BY THE MARINE ALGA, ULVARIA OBSCURA
Tayler Wyss,  wysst@spu.edu1, Thao Nguyen, nguyent9@spu.edu2, Timothy A. Nelson, tnelson@spu.edu1, & Richard L. Ridgway, rridgway@spu.edu1.  Dept. of Biology1 and Dept. of Chemistry/Biochemistry2, Seattle Pacific Univ., Seattle, Washington.  
Dopamine (DA) released by the green macroalga Ulvaria obscura undergoes a series of oxidation-reduction reactions.  In the first reaction, DA is oxidized to a highly reactive derivative, dopamine-o-quinone (DQ) that then undergoes rapid intramolecular cyclization that is the key event on the route to melanin formation.   However, in DA oxidation reactions carried out in acidic conditions (pH 4) in the presence of p-aminobenzoic acid (PABA), the cyclization step does not occur due to the formation of a DQ-PABA adduct.  This adduct appears as a stable, reddish chromophore having an absorbance peak (λmax) at ~450 nm.  We have confirmed the usefulness of using DQ-PABA adduct formation as an assay in UV-Vis spectrophotometry experiments to quantify DA concentration in the range of 0.5 – 18 mg/L.  We were able to apply the assay to DA released by 1 cm disks cut from field-collected thallus samples of Ulvaria.  The amount of DA released per disk (~7.8 mg/L) using the assay is equivalent to ~16 µg/mg wet weight (~1.6% of fresh mass) and is in the range of estimates published using other methods (e.g., HPLC).  The DQ-PABA adduct assay should thus be useful in testing conditions that affect DA release from Ulvaria.  As expected, DQ-PABA adduct formation is inhibited by strong anti-oxidants, such as ascorbic acid and sodium meta-bisulfite.
