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RELATIONSHIP OF WALL BIOCHEMISTRY TO ENVIRONMENTALLY INDUCED
MORPHOLOGICAL CHANGES IN THE DIATOM, PHAEODACTYLUM TRICORNUTUM
(BACILLARIOPHYCEAE).

Abass SAbdullahi’ Graham J.C. UnderwoddMichael R. Gretz
!Department of Biological Sciences, Michigan Technological University, Houghton, Michigan 49931,
’Department of Biological Sciences, University of Essex, Colchester, CO4 3SQ, United Kingdom

An importantadaptationof diatomsto the environmentis the productionof extracellularpolymeric
substancegEPS) that are mainly composedof sulfated polysaccharidesWe usedthe fast growing
pennatepolymorphic diatom Phaeodactylum tricornutum Bohlin as a model to understandhow
morphologicalchangesand wall biochemistryare affectedby environmentalconditions.P limitation
resultedin reducedgrowth rate but did not affectthe morphologyof P. tricornutum asboth P repleteand
P limited cultureswere dominatedby the fusiform morphotype While culturesin salinity levelslower
than45 ppt wereenrichedin the fusiform morphotype culturesin highersalinities(> 45 ppt) or in solid
mediaresultedin more oval morphotypesCarbohydrateoroductionincreasedabout2 fold whencultures
were P limited, but only slightly increasedwith increasingsalinity levels. The monosaccharide
compositionof the polymersvariedwith the P statusof the media,salinity levels,and whethercultures
werein liquid or solid media.Eight neutralsugarswveredetectedwith the levelsof glc, rha, man,gal, and
xyl being the most affected by changing environmentalconditions. As evidencedby changesin
monosacchariderofiles, sulfate content,and toluidine blue staining,the sulfatedglucomannanslosely
associatedvith P. tricornutum wall are alteredcoincidentwith environmentallyinducedmorphological
changes.We are currently exploring the regulation of putative mannosyl transferasesand
sulfotransferaseasrelatedto environmentaklterationsin wall biochemistrywith morphotypechanges
coordinated.

§8

APPLICATIONS OF THE LISST-100 TO THE STUDY OF PHYTOPLANKTON ECOLOGY

LauraAzevedo, Emmanuel Boss, and Lee Karp-Boss. School of Marine Sciences, University of Maine,
Orono, ME 04469, USA

The abundancendsizedistributionof phytoplanktonlargely affect biochemicalprocessesndfood web
dynamicsin the ocean.While microscopy provides an accuratemeasuremenbf cell size and
concentrationthis methodis time consumingand tedious. This paperexaminesthe use of an optical
particle sizing techniqueto obtainrapid measurementef phytoplanktonsize distribution and volume
concentration.Experimentsusing the LISST-100 (Laser In Situ Scatteringand Transmissometry)
instrument,designedby SequoiaScientific, were performedto obtain qualitative and quantitative
information aboutsix different speciesof marine phytoplanktonculturedin the laboratory.Beadsof
known size and optical propertieswere usedto calibrateand testthe sensor.The LISSTOsesultswere
comparedo traditional microscopymeasurementd-or phytoplanktoncells with a nearsphericalshape
the LISST provideda robustestimateof the sizedistribution.For more complexshapesf phytoplankton
(e.g.dueto spines,shapeandchains),the LISST provideda broadsize range.Additionally, the LISST
providesa good estimateof the total crosssectionalareaper volume of the cells, and thereforea good
estimateof cell concentrationOur resultssuggestthat the LISST is a rapid and accuratemethodto
measuregphytoplanktoncells size and concentratiorin laboratoryculturesandis likely to be usefulfor
phytoplankton ecology studies in the field.



DEVELOPMENT OF A METHODOLOGY TO MEASURE IN SITU CELL DIVISION RATE
(CDR) FOR EMILIANIA HUXLEYI .

Paola G. Batta Lona, Huan Zhang and Senjie Lin. Departmentof Marine SciencesUniversity of
Connecticut, Groton, Connecticut, 06340, USA

Understandingoloom dynamicsof Emiliania huxleyi (Ehux), a coccolithophoridphytoplankton,is of
pivotal importancefor bettercharacterizingts role in oceaniccarbonflux anddimethylsulfide(DMS)
production. Toward this goal, we are developinga proliferating cell nuclearantigen (PCNA)-based
moleculartechniqueto estimatethe cell division rate (CDR) of Ehux populations.This processequires
sequencingf the Ehux PCNA geneanddevelopmenbf probes suchasantibodiesor PCRprimers.The
generatedantibodiescanthen be usedto detectthe proportionof cells expressing?CNA (i.e. in the S
phaseof the cell cycle) by light microscopy. PCR primers,on the otherhand,canbe usedin Real-Time
guantitativeRT-PCRto quantify the amountof PCNA mRNA in the cell population.We hopethat both
approachesvill convergein the estimationof CDR in Ehux populations.So far, we have sequenced
PCNA from Ehux andare expressingts encodedproteinin E. coli for antibodyproduction.Meanwhile,
we havedesignedspecific primersfor Real-TimePCR. Someresultsof Ehux PCNA expressiorpattern
will also be presented.

§8

A PHYLOGENETIC AND GENOMIC PERSPECTIVE ON THE ORIGINS OF
PHOTOSYNTHETIC EUKARYOTES WITHIN THE TREE OF LIFE.

DebashisBhattacharya, Hwan Su Yoon, and Jeremiah D. Hackett
Department of Biological Sciences and the Roy J. Carver Center for Comparative Genomics, University
of lowa, lowa City, lowa, 52242, USA.

The algaeand plantsare distributedamongmany, often distantly relatedbranchesof the tree of life.
Determining the evolutionary relationship of these photosyntheticeukaryotesand how their
photosyntheticorganelle (plastid) has arisen are central problemsin evolution. Recentmolecular
phylogeneticandgenomicdatasuggesstronglythatall plastidsultimately tracetheir origin to anancient
(ca. 1.5 billion yearsago) primary endosymbioticeventin which a previouslynon-photosynthetiprotist
engulfedand enslaveda cyanobacteriumThis first photosynthetieeukaryotegaverise to the red, green,
and glaucophytealgae (often called the Plantae).However,other lineages,such as the chlorophyll c-
containingalgaehave a more complicatedevolutionaryhistory involving a secondaryendosymbiotic
event,in which a protist engulfedan existing eukaryoticalga. Following this eukaryoticengulfment(s),
the chlorophyll ¢ algaesuchas diatoms,kelps, and dinoflagellatesroseto greatimportancein aquatic
habitats.In this talk, datawill be presentedhat provide a foundationfor understandinghe origin and
diversificationof photosynthetieukaryotesPhylogenetianalyseswill be usedto tracethe origins of the
Plantae,the chlorophyll c-containingalgae (often called the chromalveolates)and their plastids.In
addition,a phylogenomicapproactwill be usedto assesshe impactof endosymbiosi®n nucleargenome
evolution.In this method,phylogenetidnventoriesare madefor eachconservedi.e., Oannotatable@¢ne
in agenometo understandts origin, for example throughendosymbiotiggenetransfer,andits evolution.
Thesedataidentify algaeassomeof the mostinterestingtaxaon our planetthat canprovidefundamental
and general insights into the course of eukaryotic evolution.



SEASONALITY AND ENVIRONMENTAL EFFECTS ON PORPHYRAUMBLICALIS FROM
MAINE, U.S.A.

Nic Blouin', Susan H. Brawléy and Charles Yarish

School of Marine Sciences, University of Maine, Orono, Maine 04469, U.S.A.

“Department of Ecology and Evolutionary Biology, University of Connecticut at Stamford, Stamford,
Connecticut, 06901, U.S.A.

Porphyra umbilicalis is an aseasonaintertidal red algathatis commonthroughoutthe North Atlantic
Ocean. In the westernAtlantic, the gametophyticphaseis reportedto be capableof reproducingboth
asexuallyand sexually. We are collecting materialfrom BlueberryHill on SchoodicPeninsulaMaine
each month to determinewhen P. umbilicalis reproducessexually and asexually. No sexually-
reproducingthalli werefound from May (2004)D March (2005). The effectsof watermotion,irradiance,
temperatureand photoperiodon aplanosporgroductionwere investigated Aplanosporesvere formed
andreleasedindereachsetof variableswith the rateof reproductivematurity slowerin 5° versus1® and
15° Celsiustreatments. Resultsalso showthat still wateris inhibitory to reproductivematuration. When
aplanosporesvere producedin calm treatments they were not releasedfrom the tissue disk and
germinatedin situ. We are currently investigatingthe effectsof bacterialassociationon aplanospore
productionin the laboratory. We planto examinethe effect of desiccationon growth and reproductive
maturity in P. umbilicalis at the University of MaineO<enterfor CooperativeAquacultureResearch
(CCAR) beginningthis spring. This summerwe will grow out conchospore-generatéd amplissima and
aplanospore-generatemet cultures of P. umbilicalis alongsidesalmonpensin CobscookBay to
investigatethe feasibility of using thesespeciesin integratedaquaculturein an openwater setting.
(Supportedoy an EPA STAR Fellowship,a Maine SeaGrant,and a Maine TechnologylInstitute Seed
Grant.)

§8

THE PARADOX OF THE PLANKTON AND OTHER STORIES: USING A NEW MODEL TO
ADDRESS OLD QUESTIONS.

A.J. Bramburger', P.B. HamiltoA, P.E. Hehanus3aand G.D. Haffnéer

!Great Lakes Institute for Environmental Research, University of Windsor. Windsor ON, N9B3P4,
Canada.

’Research Division, Canadian Museum of Nature. Ottawa ON, K1P6P4, Canada.

3Indonesian Institute of Sciences, Kompleks LIPI. Cibinong, West Java, Indonesia.

The mechanismsregulating taxonomic composition of biological systemsare poorly understood.
However,the degreeto which organismsawithin anassemblagare specializedo exploit specificportions

of a resourcegradient(i.e. OnichebreadthO)nay provide someinsight into the importanceof some
generalfactors.As diatom niche is determinedargely by habitat,diatom assemblagewere usedas a
simple modelsystem.A non-lineardecaymodelwas usedto evaluatethe habitatspecificity of different
levelsof organizationahierarchywithin diatomassemblagesf varioussystemsValuesgeneratedy the
modelwere thencomparedo a suite of geographicabnd environmentafactors. Although this work is

still preliminary, it has generated some interesting results relating to latitude, disturbance, and endemism.



TASTE PREFERENCE AND FATTY ACID CONTENT OF PORPHYRASPP.

Susan HBrawley', Nicolas A. Blouir, and Beth Caldér School of Marine Scienceand Department of
Food SciencésUniversity of Maine, Orono, Maine 04469 U.S.A.

We are participatingin a regional project with other Americanand Canadianphycologiststo develop
nativespecief Porphyra assuitablecropsfor polyculture. To determinewhich speciego selectwe are
developingnutritional information on native species(e.g., omega-3-fattyacid content)and elucidating
American consumers@stepreferencesWe selectedtwo native speciesfor testsbasedon their local
abundancend anecdotaimpressionsof taste.Our resultssuggestthat the Americanpalatewill accept
native speciesof Porphyra in food products TastetestsbetweenP. umbilicalis and P. amplissima and
betweenP. amplissima andP. yezoensis were conductedwith both childrenand adults. Although the
level of acceptancevasdifferentin testswith adultsthanwith children(2™ and5™ graders)therewereno
significantdifferencesbetweenspeciesn eithertest(p > 0.50)for eithertestgroup. Theseresultssuggest
thatthe Americanpalatewill acceptative Americanspecieof Porphyra in food products Lipids were
extractedfrom the materialusedin tastetestswith a modified Folch procedureand GC/MS analysisused
to determinethe fatty acid profile. Palmitic and eicosapentaenoi(EPA) acidswere the mostabundant
fatty acidsin both speciesEPA, an omega-3-fattyacid, waspresentat 0.9 mg/gdry wt in P. amplissima
and 0.4 mg/g dry wt in P. umbilicalis. Americanconsumers@cceptancend preferenceor different
Porphyra spp.is importantinformation to selectspeciesfor large-scalemariculture. (This work is
supportedby National Science Foundation K-12 grant 9979581 and Maine Sea Grant 0054
NAO30AR417.)

§8

TWO ASIAN SPECIES OF PORPHYRAFOUND ON THE NEW ENGLAND COAST.

T. L. Bray, C. D. Neefus, and A. C. Mathieson. University of New Hampshire, Department of Plant
Biology, Durham, NH 03824, USA

Porphyra yezoensis is a red seaweedhative to the Asian Pacific whereit is grown extensivelyfor food

(nori sheetshy coastalnet culture. Therehavebeentwo attemptsto farm Porphyra in the United States:
onein PugetSoundandthe otherin CobscookBay nearEastportMaine. Concernsoverthe introduction
of non-indigenousspeciesalong the New Englandcoastprompteda study fundedby SeaGrant Non-

indigenousSpeciesProgramduring the operationof the CobscookBay farm in which no permanent
populationsof P. yezoensis werefound. However,in the pasttwo years,significantintertidal populations
of P. yezoensis havebeendiscoveredn Maine, New Hampshire Massachusett€ onnecticutand New

York. Molecular comparisonsof the cultivars grown in CobscookBay and the recently discovered
populationsconfirm that the aquacultureoperationwas not the sourceof theseintroductions. Basedon

rbcL andITS1 sequenceghe populationsnorth of CapeCodin Massachusettatcha Japaneseultivar

(F6-1) andlikely represenexpansiorfrom a singleintroduction. Populationssouthof the Capematcha

secondJapaneseultivar (NA-4) andindicatea secondintroduction. Additionally, in the pastyearwe

havediscovereda secondAsian speciespP. katadae, at threelocationsnorth of CapeCod andonelocation

southof CapeCod. P. katadae hasneverbeenreportedin the Atlantic. Kornman(1986)reportedfinding

a populationof P. yezoensis on Helogland,Germany,which he identified basedon morphologyand

characteristicén culture. KornmanOglentificationhassubsequentlpeenquestionedasedon molecular
evidence.



PROTIST EST DATABASE: AUTOMATED ANNOTATION AND DATA REPRESENTATION.

G. Burger, B.F. Lang, LKoski, E. O'Brien.

Canadian Institute for Advanced Research and UniversitZ de MontrZal, Robert-Cedergren Centre for
Bioinformatics and Genomics, Biochemistry Department, 2900 Boul. Edouard-Montpetit, MontrZal QC,
H3T 1J4, Canada

PEPdbis a taxonomically broad eukaryotic databasethat organizesand integratesprotist cDNA

sequencegeneratedoy the pan-CanadiarProtist EST program (PEP). The aim of this collaborative
projectis to characterizethe expressedgenomeportions of ~30 poorly-studiedprotists, including

photosynthetictaxa such as chlorophytes,glaucophytesdinoflagelatesprototrophic mitochondriate
protistssuchasloboseacercomonads;iliates,euglenozoajakobids;andamitochondriatgrotistssuchas
Trimastix pyriformis.

PEPdborganizeghe correspondindeST sequenceand annotationslibrary information,redundancyand
reading quality, and presentsthis information in a web-acessiblgform. Annotation is conducts
automaticallyby the in-housedevelopedool AutoFact,which assignanformationon geneand product
name, molecularfunction, enzymaticpathway and gene ontology terms. Pathwayscan be queried,
displayed and compared using the Pathway Tool software system (PD. Karp et al, BRG).

Newly generateddata are initially storedin a proprietarydatabasdor curationand annotation,and

subsequently made accessible to the wider research community (PEPdbPub at

http://amoebidia.bcm.umontreal.ca/public/pepdb/agrm.php).

Futurerelease®f the databasavill alsoincludesequencaatafrom other relevanteukaryotesandrelated
information such as taxonomy.

§8

LITTLE WETLANDS IN THE BIG CITY: MICROBIAL MOLECULAR BIODIVERSITY
AMONG AND WITHIN URBAN AND NON-URBAN GIS CHARACTERIZED VERNAL POOLS
OF NORTHEASTERN OHIO.

S. R.Carrino and A. K. Swanson. Case Western Reserve University, Biology, Cleveland, Ohio

Due to humanactivities, snowmeltand runoff from urbanizedareaslikely containsdissimilar pollutants
(i.e., deicing salts, heavy metal sediment,petroleum,lawn pesticides),as comparedto better studied
agriculturalrunoff (i.e. fertilizers, crop pesticides). Taxarich vernalpools,largely rechargedy undiluted
runoff andcommonto both naturalandurbanlandscapesarethusattractiveaquaticsystemsby which to

examinethe effectsof on-goingurbanization. Although highly impacted(i.e. the infamousOBurning
RiverO) OhioOLuyahogaRiver watershedstill retainslargeandrelatively pristine park areas(Cuyahoga
National Park; ClevelandMetro-Parks) offering extremecomparative®f humanactivity. In this study,

water quality of discrete vernal pools (n=30), influenced by differing degreesof urbanization,
industrialization,and agriculture (as determinedby GIS), was compared. Environmentalgenomic
techniguesadaptedo assessn situ biodiversity of algal, cyanobacterialand fungal constituentswithin

and amongselectvernal pools, will be presentedso to illustrate on-going efforts to relate vernal pool

biodiversity to urbanization.



PHYLOGENETIC RELATIONSHIPS OF THE CERAMIACEAE (CERAMIALES,
RHODOPHYTA) BASED ON NUCLEAR SSU rDNA SEQUENCE DATA.

H.-G.Choi', G. T. Kraft, H.-S. Kin?, M. D. Guiry’ andG. W. SaunderPs

!Research Institute for Basic Sciences, Kangnung National,l&@ngnung, 210-702, Korea,
2Department of Botanyniversity of MelbourngParkville, \Mictoria 3052 Australia,

*Department of Biology, Kangnung National University, Kangnung, 210-702, Korea,
“Department of Biology, The National University of Ireland, Galway, Ireland,

5Department of Biology, University of New Brunswick, Fredericton, N.B., E3B 6E1, Canada.

The aim of the currentinvestigationwas to test the generalconventionthat the Ceramiaceaés
paraphyleticandthe establishedchypothesesegardingsubfamilialtaxonomy. Phylogenetiaelationships
among 69 ceramialian (including 51 ceramiacean,six dasyaceanseven delesseriaceanfive
rhodomelaceailgae)and 15 outgrouptaxa (including eight relatedordersof the florideophycearalgae)
basedon nuclearsmall subunit(SSU)rDNA sequencealatawere completed. Our resultswere consistent
with the notion that the Ceramiaceads paraphyleticleadingto the DasyaceaeDelesseriaceaand
RhodomelaceaeAlthough our analysespartially supportedthe subfamiliesCeramioideagqincluding
tribes Aniththamnieae, Ceramieae, Dohrniellieae, Heterothamnieaeand Pterothamnieae),
Compsothamnioideaéconsistingof the Compsothamniead)asyphileae Griffithsieae,Monosporeae,
Ptiloteae Spermothamniea&gphondylothamniea&pongocloniea@and Wrangelieae)and Crouanioideae
(containingthe Callithamnieae Crouanieaeand Rhodocallieae)they preseneéd a far more complex
scenarioin comparisonwith the establishedoroposals. Thesetaxonomicissuesand phylogenetic
relationships among the Ceramiaceae based on female anatomical features will be introduced.

§8

AN OVERVIEW OF THE AQUANET INTEGRATED MULTI-TROPHIC (SALMON-KELP-
MUSSEL) AQUACULTURE PROJECT IN THE BAY OF FUNDY, NEW BRUNSWICK,
CANADA.

T. Chopin'? M. Sawhney? S. Bastarach¥’, R. Shea?® E. Belyed? W. Armstrond, S.M.C.
Robinsort’, T.R. Landet® J.D. Martin®, K. Brewer, B.A. MacDonald, K.A. Barringtort, A. Bennett,

R. Singh, K. Hay&, D. Sephton®, W. Martin*?, J.L. Martin®, F. Pagé”, J. Piercey” R. Losier, P.
McCurdy?, N. Ridler', B. Robinsor, M. WowchuK, C. Davis', H. Chend, S. Boyne-Travis, P.
Fitzgerald, R. Ugarté, and C. Barrol

lUniversity of New Brunswick, Centre for Coastal Studies and Aquaculture, P.O. Box 5050, Saint John,
N.B., E2L 4L5, Canada

2University of New Brunswick, Centre for Environmental and Molecular Algal Research, P.O. Box 5050,
Saint John, N.B., E2L 4L5, Canada

3Department of Fisheries and Oceans, 531 Brandy Cove Road, St. Andrews, N.B., E5B 2L9, Canada
4University of New Brunswick, Faculty of Business, P.O. Box 5050, Saint John, N.B., E2L 4L5, Canada
SCanadian Food Inspection Agency, 61 Wallace Cove Road, Blacks Harbour, N.B., E5H 1G9, Canada
6Heritage Salmon Company Inc., 669 Main Street, Blacks Harbour, N.B., E5H 1K1, Canada

"Acadian Seaplants Limited, 30 Brown Avenue, Dartmouth, N.S., B3B 1X8, Canada

80cean Nutrition Canada, 1721 Lower Water Street, Halifax, N.S., B3J 1S5, Canada

Integratedmulti-trophic aquaculturénolds greatpotentialfor improving the sustainabilityof aquaculture.
Basedon anage-old,commonsensefarming practice the by-productgwastes)rom onespeciesbecome
inputs for another:fed aquacultureg(fish or shrimp) is combinedwith extractiveinorganicaquaculture
(seaweedpnd extractiveorganicaquaculturgshellfish). With the supportof AquaNet,the Network of
Centresof Excellencefor Aquaculturein Canadawe are developingsucha systemat an industrial pilot



scaleby co-cultivating salmon(Salmo salar), kelp (Laminaria saccharina) and blue mussel(Mytilus
edulis) at three aquaculture sites in the Bayondy, Canada.

After three years of research,our findings supportthe establishmentof integrated multi-trophic
aquaculturesystemsfor environmentalsustainability(bioremediation) economicdiversification (from
fish filets to bioactive compounds)and social acceptability(bettermanagemenpractices).lnnovative
kelp culturetechniqueshavebeendevelopedcandimprovedbothin the laboratoryand at the aquaculture
sites. Increasedgrowth ratesof kelps and musselsculturedin proximity to fish farms, comparedto
referencesites,reflect the increasen food availability and energy.Nutrient, biomassand oxygenlevels
arebeingmonitoredto modelthe bioremediatiorpotentialof an integratedmulti-trophic aquaculturesite.
None of the therapeutantasedin salmonaquaculturéhavebeendetectedn kelpsand musselscollected
from the integratedsitesover the threeyearsof the study. A tastetestat marketsize conductedon site
grown versusreferencemusselsshowedno discernabledifference.A survey of aquacultureattitudes
found that the generalpublic is more negativetowards current monoculturepracticesand, although
relatively unfamiliar with the conceptfeelspositivethatintegrationwould be successful\We arenow in
the procesof scaling-upexperimentabystemsandworking on an appropriatefood safetyregulatoryand
policy framework that will allow the development of commercial scale integrated operations.

§8
SYSTEMATICS OF THE RED ALGAL GENUS, MEIODISCUS.

Susan LClayden & Gary W. Saunders. CEMAR (Centre for Environmental and Molecular Algal
Research), Department of Biology, University of New Brunswick, Fredericton, N.B., E3B 6E1, Canada.

Meiodiscus is a genus of microscopic, marine red algae with an eventful taxonomic history. oBased
morphological, biochemical and life history attributes it was moved from the Acrochaetiales to the
Rhodophysemataceae, Palmariales. Molecular analysis of small subunit ribosomal DNA sequences
confirmed the ordinal placement &fiodiscus, however, the familial assignment is equivocal and

requires further analysis. Here, we address the systematics of two morphologically\giiaidéscu.s

speciesM. concrescens andM. spetsbergensis, and a species &hodochorton that has anatomical

features consistent with inclusion in this genus. Sorting out the generic and familial relationships of these
species, and the combined morphological and molecular rationale for their classification, are discussed.
Features studied include cell dimensions, anatomy of tetrasporangia, presence or absence of cell fusions,
and molecular sequencing of large subunit ribosomal DNA. Preliminary molecular results indicate
considerable variation within a single OspeciesO, uncovering previously undescribed diversity within this
relatively obscure but intriguing group of red algae.

§8

GROWTH OF EPILITHIC ALGAE RELATED TO ZEBRA MUSSEL DENSITIES IN THE
HUDSON RIVER.

PattyCollett, Alex Ruck, Tom Lynch and Ray Kepner
School of Science, Marist College, Poughkeepsie, NY 12601, USA.

When zebramusselgDreissena polymorpha) invade lakesand rivers, phytoplanktoncommunitiesare
dramaticallyaltereddue to musselfeedingactivity. This responséds well documented.Lessis known,
however,aboutinteractionsbetweenzebramusselsand benthic algae. We studiedtwo sitesin the
HudsonRiver with significantly different densitiesof musselshypothesizinghat this differencewould
be reflectedin the communitycompositionof epilithic algae. Quantitativeepilithic algal sampleswere
obtainedon clay andquartztiles at siteshaving eitherhigh (24,000m™) or low (270 m®) D. polymorpha



densities. Tiles were placedin theriver for one monthduring the summerof 2004. Tiles from the low-
mussel-density-sitéMC) containedroughly twice the amountof chlorophyll« and particulateorganic
matterasthosefrom the high-mussel-density-sittNP). Microscopicexaminationof algaecolonizingthe
artificial substrateshowedsignificantly higher densitiesof filamentouschlorophytesand cyanobacteria
atMC, wheread\P tiles weredominatedby both diatomsanda xanthophytealgasimilar in appearancé
membersof the genusCharaciopsis. In general,we observeda clear differencebetweenthe epilithic
algalassemblageat the two sites. Only further studywill permitusto determinewhetherthis difference
is the resultof zebramusselimpact or, alternatively,whetherthe epilithic algaethemselvessomehow
control mussel colonization.

§8

USING ALGAE TO EVALUATE THE CONDITION OF MAINE’S STREAMS & RIVERS.

Thomas JDanielson
Maine Department of Environmental Protection, Augusta, ME, 04333, USA.

The Maine Departmenbf EnvironmentaProtection(MDEP) startedsamplingbenthicalgaefrom streams
andriversin 1999. To date,MDEP andits partnershaveperformed238 sampleeventsfrom 176 sample
locationsacrossthe state. MDEP targetedstreamsand rivers ranging from those with minimally
disturbedwatershedso thosewith urbanwatersheds.The purposeof the samplingis to identify attributes
of benthicalgal communitiesthat are reliable indicatorsof streamcondition. MDEP intendsto usethe
informationto build a predictive modelto help determineif streamsandrivers attaintheir aquaticlife
criteria, which were assignecdby the StatelLegislature. In addition, the U.S. EnvironmentalProtection
Agencyis requiring statesto adoptnutrientcriteria for streamsandrivers. MDEP hopesto usethe algal
datato help establishecologicallymeaningfulnutrientcriteria. Over 840 taxahavebeenidentified from
the samples,ncluding 560 Bacillariophyceae171 Chlorophyta,89 Cyanophyta.and fewer taxa from
othergroups. Throughpreliminaryanalysis MDEP hasidentified severalalgal communityattributesthat
relateto humandisturbanceand nutrientenrichment. MDEP hasidentified somediatomsthat may be
useful as indicator taxa.

§8

DEVELOPMENT OF A RECIRCULATING INTEGRATED AQUACULTURE SYSTEM USING
PORPHYRAFOR BIOREMEDIATION OF MARINE FINFISH EFFLUENT.

Jennifer PDay", Christopher D. NeefdsGeorge Kraemémnd Charles Yarish

'University of New Hampshire, Department of Plant Biology, Durham, NH 03824, USA

State University of New York, Purchase College, Division of Natural Sciences, Purchase, New York,
10577, USA

3University of Connecticut, Department of Ecology and Evolutionary Biology, One University Place,
Stamford, Connecticut, 06901-2315, USA

The developmentof environmentallysound sustainablepracticeswithin the growing United States
aquaculturendustryis essential The releaseof high levelsof nutrientsfrom aquacultureeffluentinto the
marineenvironmentanleadto toxic algal bloomsandthe growth of opportunisticseaweedsThe goal of
integratedaquacultures to usean economicallyvaluableplant suchas Porphyra to filter the effluent,
effectively harnessinghe nutrientsto increaseplant productivity. We have developedtwo modular
integratedrecirculatingsystemsin which fish and nori are grown in separate3600 L tankswithin a
greenhouseEachsystemcanoperateon static, flow-throughor recirculatingmode.Thesesystemshave
beenusedto measurehe nitrogenuptake,growth and pigmentproductionof severalnative Porphyra



specieqP. umbilicalis, P. amplissima and P. linearis). Nitrogen uptake,growth and pigmentproduction
rateswere comparableo previousstudies.We havealso measuredhe feed conversionrates,nitrogen
productionandgrowth of black seabass(Centropristis striata) and Atlantic cod (Gadus morhua). From
thesemeasurementa/e generatech modelto predictthe nutrientlevelsthat shouldbe maintainedfor a
rangeof seaweed:fistbiomassratios. The modelwas subsequentlyestedby adjustingthe biomassratio
and monitoring nitrogenlevels. Trial runsin recirculatingmodesuccessfulljdemonstratedhat Porphyra
was effective in maintaining low nitrogen levels in the system.

§8
FRESHWATER “GREEN TIDES”: NUISANCE CLADOPHORAIN URBAN STREAMS.

Paul M.Engevold and Craig D. Sandgren. Biological Sciences, University of Wisconsin B Milwaukee,
Milwaukee, WI, 53201, USA

The filamentousgreenalga Cladophora hasbecomea nuisancen local urbanstreamsaswell asin Lake
Michigan over the pastdecade. In streams,t exhibits a seasonathangein morphologythat appears
correlatedwith water velocity and temperature. Cladophora over-wintersas a basalcrust, exhibits a
highly branchednorphologyin springandtransitionsinto extremelylong, sparselybranchedilamentsin
early summer. Filamentsmay becomeencrustedvith calciumcarbonataindercertainconditions. These
concretdined stormchannelsandrestoredstreamdined with freshlimestonecobbleprovidean excellent
substratefor Cladophora colonization. Suchhabitats,characterizedy elevatednutrient suppliesand
extremelight intensity,becomecompletelydominatedby Cladophora in early summerwith nearly100%
spatial cover and biomassin excessof 160 mg per cn? dry weight (800 mg per cn? wet weigh).
Cladophora biomasssubsequentlyleclinesin mid-summerbut thereis a renewalof growth in early fall.
Cladophora is an ecologicalgeneralistin thesestreams. It createsa food web bottleneckby producinga
very large biomasswhich effectively capturesall availableresourceqsubstratenutrients,light) but is
largelyinedible. The tremendousbundancef this algareduceghe aesthetiappealof streamgo urban
residents. Photosynthesisind respirationby thesesubstantialgrowths of Cladophora in the streams
generatediurnal fluctuationsin pH between7.5-9.5 and dissolvedoxygen fluctuations betweenO-
25mg/L (0-300% saturation)causingseverephysiologicalstressfor fish, invertebratesand other algae.
Current researchinvolves linking Cladophora morphology with photosyntheticcharacteristics,
physiologicalcondition, growth rates,naturalreproductionand biomechanicabktudiesof watervelocities
required to dislodge the filaments from the substrate.

§8

DEVELOPMENT OF AN ALGAL DIETARY SUPPLEMENT FOR DAIRY COWS ENRICHED
IN THE OMEGA-3 FATTY ACIDS DHA & EPA.

CatherinéEnright andAudrie-Jo Vink
Depart. of Plant & Animal Sciences, Nova Scotia Agricultural College, Truro, Nova Scotia Canada
(cenright@nsac.ns.@ndavink@nsac.ns.g¢a

The objectiveof the researchs to locate,acquire cultureandanalyzealgal speciesthathavehigh levels
of the omega-3fatty acidsDHA & EPA. Severalculturetrials with a wide rangeof algaeare preformed
under various environmentalconditions( temperaturesalinity, irradiance,light quality, photoperiod,
culture phase etc.) to maximizetheseimportantnutritional components.The omega-3fatty acids,DHA
& EPA, havebeenfoundto havean extremelybeneficialeffectin over 20 commonhumandiseases.This
researchis animportantcomponenin alarger, five yearresearctprojectin which we aredevelopingan



enrichedomega-3fatty acid DHA & EPA dietarysupplement,usingalgae,for dairy cowsandtracking
the incorporation of DHA & EPA into milk for human consumption.

§8

THE DEVELOPMENT OF ENVIRONMENTAL GENOMIC TECHNIQUES TO DETECT IN
SITU MICROBIAL BROWN ALGAL LIFE-STAGES.

C. H.Fox and A. K. Swanson. Department of Biology, Case Western Reserve University, Cleveland,
Ohio, 44106, USA.

Nearshorecommunitiesof polar andtemperatezonesare largely dominatedby sporophyticlife-stagesof
brown algae (Phaeophyceae)ikely due to their cryptic nature, brown algal microbial life-stage
(meiospore,gametophytejuvenile sporophyte)communitiesare poorly characterizeddespitetheir
probableimportanceto overall speciesdistributionsandpopulatiorpersistence/recovenyithin variable
environmentsTo overcomethis deficiency,we are developingenvironmentalgenomicapproacheso
identify microbial brown algaein situ, aswell as assessntertidal community compositionand species
distribution patterns. Successfulpplicationof moleculartechniquedargely dependson initial DNA
extractionprocedureghat consistentlyyield high quality DNA from naturalsubstratesBy comparing
DNA vyields, purity and capability of PCR amplification (eukaryotic 18S; algal ribosomal ITS1;
phaeophytarmitochondrial CO1) four different DNA extractionproceduresand samplingtechniques
were assessedl estswere performedon naturally occurringsubstratesampleqgranite-basalcomposite)
collectedfrom the intertidal zonesof westernVancouverlsland, CanadaPreliminaryanalysesof in situ
microbial brown algal life-stagesdetectedon sampledintertidal substrateswhich utilized our optimized
DNA extraction procedure and DGGE (Denaturing Gradient Gel Electrophoresis), will also be presented.

§8

GLUTAMINE SYNTHETASE PHYLOGENY IN RHODOPHYTES.

SohiniGhoshroy and Deborah L. Robertson. Department of Biology, Clark University, 950 Main Street,
Worcester, MA 01610, USA.

Glutaminesynthetas€GS) is an essentiaenzymecatalyzingthe ATP-dependentormationof glutamine
from glutamate.n photosynthetieukaryotesexaminedto date,a minimum of two nuclearencodedGS
isoenzymesare present,compartmentalizedn the cytosol and the chloroplast.Although GS hashbeen
broadly characterizedrom vascularplants, datafrom other photosyntheticeukaryotesare sparse.ln
rhodophytedittle is known aboutGS isoenzymeexpressioror the regulationof nitrogenmetabolism.n
this study, we examinedthe phylogeneticrelationshipsof GSIl geneswithin the rhodophytes GSl|
sequencesvereretrievedfrom EST databasesnd genomeprojects.The sequencdrom Compsopogon
coeruleus was generatecby PCR amplification of genomicDNA and sequencedMaximum parsimony
analysisconsistentlyyielded treesin which rhodophyteswvere paraphyletic Membersof the Bangiales
(Porphyra) andCompsopogonale@ompsopogon) formedonecladewhile the Gelidiales(Gelidium) and
Cyanidiales(Cyanidioschizon and Galdieria) formed a separateclade.Both of the rhodophyteclades
exhibited a sister associationwith the greenplants. The topology of the tree drawn from the GSlI
phylogenyis not congruentwith otherphylogeneticanalysesOne explanationfor the incongruencas the
presenceof multiple GSII genesin rhodophytesThe analysisof the completeORFO®f GSII from
Gelidium, Galdieria andCyanidioschizon suggesthatthesearelocalizedin cytoplasm.The partial GSII
sequenc®btainedfrom Porphyra and Compsopogon do notincludethe N-terminalregionsrequiredfor
the determinatiorof cellular compartmentalizationt is thusunknownwhetherthe two cladesrepresented
hereare derivedfrom orthologoussequencesOur immediategoal is to increasetaxon samplingwithin
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the rhodophytesandto identify genesencodingdifferentisoformswithin thosetaxa. This will contribute
to our understandingf the evolution of GSII and the regulationof nitrogenassimilatingenzymesin
rhodophytes.

§8

CALCIUM CHANNEL BLOCKERS INHIBIT THE ACETATE CHEMORESPONSE OF THE
COLONIAL GREEN ALGA ASTREPHOMENE GUBERNACULIFERA.

Benjamin JGreene, Kristen Natale and Harold J. Hoops. Department of Biology, SUNY Geneseo,
Geneseo, NY 14454,

Cells communicatewith eachotherandthe environmentthroughcell signaling. One commonsignaling
pathwayinvolves heterotrimericG-proteinsand a subsequentnodification of calcium channels. The
colonialgreenalga,Astrephomene gubernaculifera, Showsa chemotactiocesponseéowardsacetateandit

has beenhypothesizeahat this is a result of specific receptor-mediatedignaling eventsusing this

pathway. Here we usedsubstancesghatinhibit the calcium channelsandthusthe flow of calciumions
into the cytosol. Colonieswere grown for approximately48 hoursin HesA media. They were then
washedthreetimesin a Hes mediacontainingno acetateor nitrate, and containing0.0225mM free
calcium. The colonieswerethensuspendedn the washmediacontainingthe calcium channelblockers
diltaziem,rutheniumred, or verapamil. The effectivenes®f the antagonistsith respecto blocking the
accumulatiorresponsavasdeterminedoy observinga reductionin size andstrengthof the accumulation
cloud uponadditionof a 10 uL aliquotof 1mM acetate. RutheniumRedinhibited the responset 10uM,

completelyblockedthe responset 100uM, andreducecthe durationof theresponset 1uM. Verapamil
inhibited the responseat 250uM, completelyblockedthe responseat 500uM, and significantly reduced
the durationof the responseat 25uM. Diltiazem inhibited the responseat 400 uM, completelyblocked
theresponseat 600 uM, andsignificantlyreduceathe durationof theresponset 200 uM. Thus,all three
blockersinhibit the chemoresponse.Blocking the chemoresponsédoesnot halt motility. We are
presentlyanalyzingthe kinetics of swimmingin the presenceand absencef inhibitors to comparethe
swimming speedsand ratesof turning. Rutheniumred and verapamilsensitivityis generallysimilar to

that requiredto inhibit C&* sensitivityin the unicellularalga Chlamydomonas reinhardtii (Ermilova, et
al, 1998, Biologia Bratislava 53: 577).

§8

A COMPARATIVE GENETIC ANALYSIS OF THE GREEN DINOFLAGELLATES
GYMNODINIUM CHLOROPHORUM AND LEPIDODINIUM VIRIDE .

Daniel Grzebyk', Chantal Billard, Malte ElbrSchtér Richard N. Pienadand Paul G. Falkowski

Ynstitute of Marine and Coastal Sciences, Rutgers University, New Brunswick, New Jersey, 08901, USA.
?Laboratoire de Biologie et Biotechnologies Marines, UniversitZai, Caen, France

3Wadden Sea Station, Sylt, List 25992 Germany

"University of the Witwatersrand, Wits 2050, Johannesburg, South Africa

°Department of Geological Sciences, Rutgers University, Piscataway, New Jersey, 08854, USA.

The dominanttype of dinoflagellateshas plastidscontainingchlorophyll ¢, and peridinin as main
accessoryphotosyntheticpigments. These plastids were acquiredfrom a red alga by secondary
endosymbiosisin a small number of dinoflagellatespecies,this original type of plastid has been
substitutedby otherplastids,asindicatedby their specificultrastructureand photosynthetipigmentation.
Among thesespecies someof them have green,chlorophyll 5-containing,plastids.We carried out a
moleculargeneticscomparisonon the two greendinoflagellatespeciesculturedto date, Lepidodinium
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viride and Gymnodinium chlorophorum, in orderto determinetheir phylogeneticrelationshipandinfer
the greenalgal origin of their chloroplasts.The 18SrDNA sequencei the two speciesre identical,
suggestingthat they diverged very recently. Significant variations are observed,however, in the
ribosomalintergenicspacerqITS1 andITS2) andthe D1-D3 regionof the 28SrDNA. The two species
appearto containa single 18SrDNA ribotype suggestinghatthe organismscontaintrue plastidsbut not
an endosymbioticnucleomorphThis is in contrastto that suggestedrom ultrastructuralanalysesn the
original descriptionsof the two speciesin G. chlorophorum, using pulsed-fieldgel electrophoresigand
Southernblot analyseswe revealeda long plastidgenomeof ~100kb in size.An ongoingphylogenetic
analysisis beingcarriedout to infer the greenalgal origin of plastidsin the two speciespy sequencing
the plastid encodedgenespsbA, psbC, psaB andrbcL. In G. chlorophorum, phylogeneticanalysesof
plastidrbcL andpsbA genesindicatethat the plastidwasnot derivedfrom a prasinophyteMore likely,
this plastid was obtained by secondaryendosymbiosisof a modern chlorophyte,either from the
Chlorophycea®r the Trebouxiophycea€l he comparisorof the psb4 andpsbC genessequencebetween
the two speciesalreadyrevealeda hugegeneticdifference(> 10 %). We are investigatingwhetherthis
indicatesa different origin of chloroplastsor an extremelyrapid rate of evolution happeningn these
organelle genomes.

§8

HISTONES AND HISTONE-LIKE PROTEINS IN DINOFLAGELLATES.

Jeremiah DHackett andDebashish Bhattacharya. Department of Biological Sciences and Center for
Comparative Genomics, University of lowa, lowa City, 52242.

Dinoflagellatesexhibit a unique nuclearcell biology. Their permanentnuclearmembranesurrounds
immensegenomegoftendistributedamonghundredsf chromosomesthatrangein sizefrom 1-71times
of that of humans. Thesemassivegenomesare comprisedof DNA that appearsto completelylack
nucleosomeshe DNA packagingcomplexescomprisedof histoneproteinsfoundin all othereukaryotes.
Dinoflagellatesarethoughtto havelost histones insteadtheir chromosomesgre associatedvith histone-
like proteins similar to homologsin bacteria. Analysis of an extensive EST data set from the
dinoflagellate Alexandrium tamarense identified a set of the expectedhistone-like proteinsbut also
resultedin the discoveryof transcriptsencodingchromalveolate-likéhistoneH2A.X andH2A.Z. These
histoneproteinscontainuniqueN-terminal extensionsandtertiary structurepredictionsfor the remainder
of the sequenceshowhigh similarity to the crystalstructureof histoneH2A. We speculatedhesehistones
may have been retained for specialized roles, such as double-stranded DNA break repair.

§8

ISOLATION OF PCNA IN THE RED-TIDE DINOFLAGELLATE AKASHIWO SANGUINEA
AND DEVELOPMENT OF A REAL-TIME PCR ASSAY TO QUANTIFY THIS SPECIES IN
LONG ISLAND SOUND.

YuboHou, Huan Zhang, Lilibeth Mirandand Senjie Lin.
Department of Marine Sciences, University of Connecticut, Groton, Connecticut, 06340, USA

Akashiwo sanguinea is a red-tidedinoflagellatespeciedinked to fish kills. A moleculartechniqueto
allow identificationand quantificationof its abundanceand estimationof its in situ growth ratewould be
very usefulfor monitoring the dynamicsof this speciesand predictingformation of its blooms.Toward
the goal to developsucha technique,a genecodingfor proliferating cell nuclearantigen(PCNA) was
clonedfrom 4. sanguinea recentlyisolatedfrom Long Island Sound.The high sequenceariability of this
geneshowshigh potentialto allow designof species-specifiprimers.Furthermorewe found a high copy
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numberof this gene(abouta hundredcopiesper cell), promisinghigh sensitivity of a geneprobe.A setof
primerswere designedandtested yielding a pair of highly specificand sensitiveones.With this primer
set, A. sanguinea abundancean Long Island Sound(LIS) was investigated.Seasonakampleswere
collectedfrom sevenstationsthroughoutthe soundand weekly samplesakenfrom off the Avery Point
campusof U Conn. The resultsand the potentialutility of PCNA for monitoring 4. sanguinea will be
presented.

§8

PHYLOGENETIC RELATIONSHIPS AND IMPLICATIONS FOR THE CRYPTIC TAXA OF
PORPHYRA(BANGIALES, RHODOPHYT) FROM KOREA BASED ON MORPHOLOGICAL
AND MOLECULAR DATA.

M. S. Hwang', S.-M. Kin?, 1.-K. Hwangd, J. M BaeK, D.-S.Ha', H.-S.Kim? and H.-G Chof'.
!Seaweed Research Center, South Sea Fisheries Research Institute, NFRDI, Korea,
’Department of Biology, Kangnung National University, Kangnung, 210K6e&a,
®Department of Biology, Chungnam National University, Daejeon, 305-764 Korea,
*Institute for Natural Scienceangnung National University, Kangnur@f0-702, Korea.

Nuclear SSU rDNA and plastid rbcL gene sequencess well as morphologicalcomparisonswere
investigatedor Porphyra speciedrom Korea. 36 SSUrDNA and65 rbcL are newly determinedn this
study. Molecular datafrom over 80 taxa of the Bangialesworldwide including previouslypublished
sequencesshowedthat monophylyfor the generaBangia and Porphyra is not supportedasin previous
molecularstudies. In addition, our datarevealedthe unexpectedxistenceof sevencryptic taxaat least
from EastSeaof Korea,especiallyin the coastof nearKangnung Most of themhavebeenmisidentified
asP. yezoensis Of P. pseudolinearis, which showsa greatvariationin morphology Two of themare
similar to P. yezoensis in sharingconspicuoudrichogynes andotherthreeof themare dioecioussuchas
P. pseudolinearis. Anotheris similar to P. katadae with half-partedmonoecioughallus,andthe seventh
taxon has a funnel-shapethallus such as P. umbilicalis. Our moleculardata shows that Korean
componentf Porphyra arehighly diversein geneticby existenceof five scatteringonesamongeight
lineagesof Bangia and Porphyra. The taxonomicissuesand phylogeneticrelationshipsof Korean
Porphyra species among the Bangiales will be discussed.

§8

CHRYSOPHYTE RESTING STAGES: A POWERFUL TOOL FOR RECONSTRUCTING
CLIMATE FROM ALPINE LAKE SEDIMENTS.

ChristianKamenik'? and Roland Schmitit
Institute of Limnology, Austrian Academy of Sciences, Mondse@s8310 Mondsee, Austri%BigeIow
Laboratory for Ocean Sciences, 180 McKown Point, West Boothbay Harbor, Maine, 04575-0475, USA.

Chrysophytealgae(classe<Chrysophyceaand Synurophyceae)roduceresistantsiliceousrestingstages
(stomatocystsjhat are known to be powerful indicatorsof pastenvironmentakonditions.The objective
of this study wasto assesgheir strengthfor climate reconstructionStomatocystsvere collectedusing
sedimenttraps exposedin 45 mountainlakes (1502 B 2309 m a.s.l., Austrian Alps). Bi-hourly water-
temperaturemeasurementwere usedfor determinationof ice-on, ice-off, spring and autumnmixing.
Canonicalcorrespondencanalysegevealedthat the stomatocysassemblagewererelatedto the dateof
spring mixing. Date of spring mixing is controlled by winter/springair temperatureWe developeda
weightedaveragingb partial leastsquaregWA-PLS) stomatocyst/date-of-spring-mixinggressiorand
calibrationmodel (R2boot= 0.85), and reconstructedlatesof spring mixing for Lake Jezerov Ledvici
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(1824 m a.s.l.,SlovenianAlps) from 1842to 1996 AD. The sample-specifictandarderror of prediction
correspondedio 0.6iC D 1.0;C. Despitevery poor fits with the training set,reconstructediatesof spring
mixing were significantly correlatedwith the meanMarch B April air temperaturgR = -0.35), which is
knownto drive ice-outdates.They werein excellentagreementvith the last glacial advancesluring the
Little Ice Age.

§8

SEXUAL REPRODUCTION IN DITYLUM BRIGHTWELLII .

Julie A.Koester', Lee Karp-Boss and Susan H. Brawl&
lDepartment of Biology, University of Maine, Orono, Maine, 04469, USA.
2School of Marine Sciences, University of Maine, Orono, Maine, 04469, USA.

Diatomsare obligately sexualorganismsput sexualreproductionis rarely seenin nature. It is important
to the understandingf diatomecology,populationdynamics,andevolutionto know the mating systems
of diatomsand the frequencyof sexual reproductionin nature. This study combineslaboratory
experimentsand field studiesto determinethe mating systemand timing of sexualreproductionin

Ditylum brightwellii, a marinecentricdiatom. Field samplesandsinglecell isolateswerecollectedfrom

WadsworthCove, Castine,Maine. Gametogenesig/as correlatedwith cell size. The smallestclones
tendedto producespermatagoniahe intermediate-sizedlonesproducedoogonia;the largestclonesdid

not undergogametogenesisHowever,D. brightwellii is homothallic,and capableof self-fertilization.
The timing of gametogenesisvithin and betweenclones determinedwhether out-crossingor self-

fertilization predominated. Temporalvariation in gametogenesisnay provide a mechanismfor D.

brightwellii to avoid selfing. Samplesrom naturalpopulationsof D. brightwellii indicatedthat sexual
reproductionoccurredduring the autumnof 2004. Spermatagoniavere observedat low frequencieq0.4

P 1.0%)from late Augustto mid-October,andwe observeda generaltrendof increasingcell sizeduring

this period. The sizesof the largestcells andspermatagonifrom thefield samplesverewithin the same
sizerangeastheinitial cellsandspermatagoniaroducedn laboratoryexperiments.(Supportecby NSF

OCE-99043 to S.H. Brawley. Special thanks to Prof. David Mann for advice and discussion.)

§8

AN EXAMINATION OF THE EVOLUTION AND DIVERSIFICATION OF LIGHT-
HARVESTING COMPLEXES IN EUGLENA GRACILIS.

AdamKaoziol andDion G. Durnford.
Department of Biology, University of New Brunswick, Fredericton, NB, E3B 6E1, Canada

Light harvestingcomplexegLHCs) arefoundin all photosynthetiorganismsandareresponsibldor the
captureof light energy,andits transferto the photosynthetigeactioncentresThe LHCs areencodecby a
nuclear,multi-genefamily, but are locatedwithin the thylakoid membraneof chloroplastswherethey
bind carotenoidsand chlorophylls.Like otherprotists, Euglena acquireda plastid secondarilythroughan
endosymbioticeventwith a photosyntheticeukaryote.Theseorganismsare particularly interestingto
study becauseduring the evolution of the secondaryplastid, LHCs and other photosynthetiqgyenesand
regulatorycomponentsnusthavebeentransferredo the hostOsucleargenome They thereforeprovidea
unique opportunityto study the diversity and evolution of the LHC multi-genefamily during a plastid
acquisition event.

Thereare two main objectivesto this project: 1) to examinethe diversificationand evolution of LHC
proteinsin the protist Fuglena gracilis, and2) Examinethe fine structureof the unsuallylargeE. gracilis
MRNA moleculesthat are translatedinto polyproteins,which are then post-translationallycleavedinto
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multiple, distinct LHC proteins.As a part of the ProtistEST Program(PEP),over 10 000 ESTshavebeen
generatedand analysedin an effort understandthe processof secondaryplastid evolution, and in
particular, evolution of the Lhc gene family.

Phylogenetianalysesavebeenperformedon the LHC homologuesn orderto studythe diversity of the
LHC genefamily. PreliminarydatasuggestshatthoughEuglenalLHC proteinscanbedividedin to LHCI
and LHCII, asin plantsand algae,they lack the orthologsof mostof the greenalgal/plantantennae
complexes,with the exceptionof CP29.LHCI-related genes,in particular,seemto have undergone
extensiveduplication and divergence.This would imply that there are significant differencesin the
function andregulationof light harvestingn thesechlorophyll a/b-containingprotistscomparedo green
algae with similar pigmentation. ..

Most of the LHCs were clusteredaspolyprotein-encodingnRNAs of up to 3500nt, with the exceptionof
CP29,which wasfound asa monaocistronionRNA. Within the polyproteins the individual Lhc subunits
areseparatedo eachotherby conservedlecapeptiddinkers. The complexity of the Euglena Lhc family
and its functional implications will be discussed.

§8

RESOLVING SPECIES LIMITS FOR THE BROWN ALGAL GENUS FUCUSIN THE
NORTHEAST PACIFIC.

HanaKucera and Gary W. Saunders.
Centre for Environmental & Molecular Algal Research, Department of Biology, University of New
Brunswick, Fredericton, New Brunswick, E3B 6E1, Canada.

In the NortheastPacific therearetwo morphologicallydistinct specieof the genusFucus: F. spiralis and
F. gardneri. Thesespeciesgrow in a continuousband over the mid to high intertidal zone of rocky
shorelines. Fucus spiralis is foundin the high intertidal whereasF. gardneri inhabitsthe mid intertidal.
BetweenunequivocalF. spiralis andF. gardneri is a zoneinhabitedby individualsthat variously display
morphologicalcharacteristicof both species.This intermediatezone may be the result of phenotypic
plasticity of one or both specieshybridizationbetweenthe two speciesor somecombinationof these
events.Alternatively, the individuals may simply be morphologicalexpression®of a single speciesat
varying heights in the intertidal.

We will testthesehypothesesvith moleculartools. First, we will usegeneticbarcoding(ca.600bpregion
of the cytochromeoxidasel gene)to establishgeneticlimits of all of the Ospecies®this genus. We will
then constructphylogeniesof the entire genusbasedon nuclear (internal transcribedspacer;ITS)
sequenceand comparetheseto the mitochondrialresults. If the resultsdisagreehybridizationmay be
occurringbetweensomespecies. We will thenusethesesamemarkersystemgo evaluateFucus species
in the NortheastPacific on a finer scale,applyingthemto multiple individualsacrossvertical gradientsof
the intertidal from four geographicallydiverseregions.In addition, PCR primersspecificto F. spiralis
andF. gardneri will be designedor the nuclearmarkersto enablehybridsto be unequivocallyidentified.
The molecularwork will be combinedwith morphologicalobservationgo resolvespecieslimits for
Fucus in the Northeast Pacific.

15



GENOMIC DIVERSITY AND CHROMOSOME STRUCTURE OF CRYPTOMONAD
NUCLEOMORPHS.

Christopher ELane, Melissa MacKinnon, Hameed Khan, Anna Fongldlan M. Archibald
Department of Biochemistry and Molecular Biology, Dalhousie University, Halifax, NS, B3H 1X5,
Canada

The cryptomonadsre a highly unusualgroup of eukaryoticmicrobesthat haveacquiredphotosynthesis
througha processcalled secondaryendosymbiosisT his occurswhena phagotrophiceukaryoteengulfsa
photosyntheticeukaryoteand retainsits plastid (chloroplast).Cryptomonadsare unusualin that they
retainthe nucleusof their eukaryoticendosymbiontn a highly reducedform, calleda nucleomorphlin all
cryptomonadsnvestigatedthus far, the nucleomorphgenomeis spreadacrossthree chromosome®f
varying size. Our objective is to use a comparativegenomicsapproachto study the evolution of
nucleomorphgenomesin a wide range of cryptomonadspecies.Here we presentpreliminary data,
showingthe diversity of cryptomonadnucleomorphchromosomeand genomesizes,and examiningin
detail the sub-terminalregion of nucleomorphchromosomesn two closelyrelatedspeciesOur results
indicate that (1) nucleomorphgenomescan range from ~450 Kilobases (Kb) to ~750 Kb in
cryptomonads(2) Inter-speciesnucleomorphchromosomesize is highly variable, (3) the presenceof
ribosomal DNA (rDNA) operonsadjacentto the telomereis a common feature of cryptomonad
nucleomorphchromosomeg4) the rDNA operonis flankedby a lengthyregionof non-codingDNA, and
(5) this non-codingregionis highly conservecamongstifferentchromosomesvithin the sameorganism,
but highly variable between different species.

§8

A NEW KELP (LAMINARIALES, PHAEOPHYCEAE) PHYLOGENY ELUCIDATED WITH
MOLECULAR DATA.

L%Christopher ELane, ‘Charlene Mayes] ouis Druehl andGary W. Saunders.

Centre for Environmental and Molecular Algal Research, Department of Biology, University of New
Brunswick, Fredericton, N.B., Canada, E3B 6ﬁ]epartment of Biochemistry and Molecular Biology,
Dalhousie University, Halifax, N.S., Canada B3K 1XBamfield Marine Station, Bamfield, B. C.,
Canada, VOR 1B0

Members of the order Laminariales, commonly called kelp, are some of the most extensively studied and
widely recognized macroalgae in the world. However, despite their conspicuous nature and the focused
attention of the scientific community, taxonomic relationships among genera of the Laminariales remain
unresolved. Recent publications have used sequence data to change significantly the taxonomic
constitution of the OprimitiveO families traditionally recognized in the Laminariales. The three OadvancedO
families, conversely, have remained virtually unchanged since 1925 despite sequence data over a decade
ago indicating that the advanced families are polyphyletic. Two phylogenetic hypotheses have emerged
through the literature, differing mainly in the number of clades (families) recognized and the relationships
among them, but both lacked sufficient support to justify sweeping taxonomic modifications. In order to
reconcile these hypotheses, we have sequenced genes from the nuclear, chloroplast and mitochondrial
genomes and used distance, likelihood and Bayesian analyses to create a robust phylogeny for the
advanced families of the Laminariales. Our results indicate that sequence analyses artifacts have
compromised phylogenetic resolution in previous studies. A contemporary classification for the
OadvancedO kelp will be proposed based on our findings.
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HOW MANY GENES ARE REQUIRED TO INFER DEEP PHYLOGENIES — THE CALL FOR
PHYLOGENOMICS.

B.VFranzLang, Naiara Rodr’guez-EngIeta, Yu Livu, and Ge[traud Burger.
DZpartement de biochimie, UniversitZ de MontrZal, MontrZal, Quebec, H3C 3J7, Canada.

Key eventsin eukaryoticevolution suchasthe introductionof photosynthesisia endosymbiosisvith a
Cyanobacteriumgr the divergenceof major lineagessuchasthe Opisthokonts Stramenopilesr Ciliates,
occurredmorethana billion yearsago. Despitethe plethoraof publishedmolecularphylogeniessolid

phylogeneticevidenceis usuallylacking becausanostanalysesare basedon only a single,or few genes.
To addresghis issue,we will discussthe predictivepower of phylogenomicanalyseswith large setsof

mitochondrialprotein-codinggenes,and nuclearEST data.We find that statistically significant support
for deepdivergencesusually requires(i) many more genesthan are available from mitochondrial
genomes;(ii) broad taxon sampling from speciesthat evolve at moderaterates; (iii) the use of

sophisticatedhylogenetidnferencemethodssuchasseparatanaximumlikelihood or Bayesiamanalysis;
(iv) careful elimination of oversaturateditesin the sequencealignments,and (v) occasionally,the
eliminationof specieghatevolveat highly acceleratedateandthatretaininsufficient phylogeneticsignal
to be detected with currently available methodology.

§8

A QUANTITATIVE COMPARISON OF CYTOPLASMIC ORGANIZATION FROM THE
APICAL TIP AND MATURE STIPE REGION OF THE COENOCYTE, CAULERPA MEXICANA

Ellen Lavoie and Wayne R. Fagerberg, Department of Plant Biology, University of New Hampshire,
Durham, NH 03824

Organelleandcell wall trabeculaesolumepercentgVv) within the giantcoenocyticgreenalga, Caulerpa

mexicana (Sander)d. Agardh,were quantifiedusing stereologymethods. Sampleswere takenfrom six

regionsof the stoloniferousstipe; six within the apicaltip from 0-10 mm and oneregionapproximately
70-150mm from thetip (matureregion)from 11 separatelants. Light microscopywasusedto makeVv

measurementsf cytoplasmic,vacuolar,trabecular,and plastid volume. Using Tukey-KramerMultiple

Comparisortestsfor Vv, we found a significantdecreas®f cytoplasmicVv from thetip through10 mm,

anincreasedn trabeculagvv from tip to 5 mm (followed by a decreasén 6-10 and matureregions),and
anincreasen vacuoleVv from thetip to 10 mm. In addition,thetip vacuoleVv wassignificantly lower

thanthe samplesof the matureregions. Basedon significantdifferencesof the parametersneasuredve

canrecognizethreeseparateegionsof cytoplasmicdifferentiationof the stipein C. mexicana. Thethree
regionswe haveidentified are: a) the tip to approximately3 mm; b) from 4-10 mm; andc) the mature
region.  Further studieswith the transmissionelectron microscopewill addressmore details of

cytological structure in each of the zones described in this study.

§8

MOLECULAR SYSTEMATICS OF THE FLORIDEOPHYCEAE (RHODOPHYTA) USING
NUCLEAR LARGE AND SMALL SUBUNIT rDNA REVISITED WITH BAYES

Line Le Gall and Gary W. Saunders

CEMAR, Dept of Biology, University of New Brunswick, Fredericton, NB, E3B 6E1, CANADA
legall@unb.ca
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RibosomalDNA datahavebeenusedextensivelyto infer red algal phylogeniesor morethana decade.
Thus far, the most comprehensivestudy to infer ordinal relationshipsamong Florideophyceaevas
publishedby Harperand Saundersin 2001. In that study, the data, which includesLSU and SSU
sequencedor 45 taxa representingmost of the currently recognizedflorideophyteorders,had been
analyzed with maximum likelihood using the Kimura 2 parameter model of DNA evolution.

We reanalyzedtheir SSU-LSU combineddata set exploring the effects of severalmodelsof DNA

evolution, as well as partitioning on tree likelihoods and posterior probabilities within a Bayesian
framework.Over the conditionstested,the use of more complexmodelsof DNA evolutionwithin the
Bayesianframeworkimprovedtree scoresand correctedpreviousanomaliesOur resultssuggesthatthe
use of complex modelsof evolution within the Bayesianframework perform better for analysesof

ribosomalDNA. To testfurther interordinalrelationshipswithin the Florideophyceaewe extendecdthe

SSU-LSUalignmentof Harperand Saundergo 75 taxa,and additionally developedhe nuclearprotein-
coding geneEF2 for thesesametaxa. Thesethreeregionswere analyzedseparatelyandin combination
usingdistance parsimony,and BayesianapproachesNew insightson florideophycearphylogenywill be

discussed.

§8

ASSESSING THE PATTERN OF GEOGRAPHIC VARIATION IN THE GREEN SYMBIONT
OF THE TEMPERATE SEA ANEMONE ANTHOPLEURA XANTHOGRAMMICA.

Molly R. Letsch and Louise A. Lewis, Department of Ecology and Evolutionary Biology, University of
Connecticut, Storrs, CT 06269 U.S.A.

In the North Pacific intertidal the seaanemonestnthopleura xanthogrammica andA. elegantissima can
eachform symbioseswith two distinct photosynthetiqrotists,a greenalga (Chlorophyta),anda better-
known dinophytebelongingto the genusSymbiodinium. Previousstudiesof this dual symbiontsystem
have focusedon ecologicalquestionsdealing with the influence of light and temperatureon carbon
allocationand symbiontdistribution. Populationsof Anthopleura usually harbordinophytesin southern
latitudes and green symbiontsat more northern latitudes (>43N). Previousgenetic studieson the
dinophytesymbiontof 4. elegantissima found that southern-mospopulationscan have a mixture of
Symbiodinium specieswhereasa single specieof Symbiodinium is foundin the northern-mostangeof
the dinophytesymbiontform (LaJeunessand Trench2000). Recently,the phylogeneticposition of the
marine greenalgainhabiting 4. elegantissima wasdeterminedby comparingsequencedatafrom the
nuclear18SrDNA andthe plastid encodedrbcL genes.Thoughcalled Ozoochlorellaethis symbiontis
not a true Chlorella (sensu Husset al. 1999) but is more closelyrelatedto Trebouxia and Coccomyxa
(Lewis and Muller-Parker2004). In orderto comparethe greensymbiontsin the two relatedanemone
species,and assessthe geographicpattern of genetic variation in the green symbionts of 4.
xanthogrammica, we haveanalyzedsamplesof anemonegontaininggreensymbiontsfrom their known
rangealongthe North Pacific coast,including Alaska, Oregonand Washington.To avoid complications
of amplifying anemoneDNA, we initially targetedthe plastid-encodedbcL gene.While rbcL is a
relatively slowly evolving gene,it containsvariationamongcloselyrelatedspecieswithin Bracteacoccus
(LL, unpub)and Pediastrum (McManus,unpub). RbcL genesequencefrom the greensymbiontsin A.
xanthogrammica areidenticalin sequenceo thoseof the relatedanemoned. elegantissima. In addition,
they show no variation acrossthe geographidocationsanalyzed. Sincethe Symbiodinium geographic
variantswereidentified using18SandITS2 rDNA data,we planto collectdatafrom morevariablegenes
to further comparethe patternof geographiovariationof zoochlorellago thatseenin Symbiodinium of A.
elegantissima.
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PORPHYRAFROM SEA TO FRESHWATER; OSMOREGULATION IN MARINE ALGAE.

. Levine' and D. P. Chendy 'University of Southern Maine, Lewiston, USA 0424Qortheastern
University, Boston, USA 02115.

The developmenbf a practicalintegratedseaweectulture systemcould bioremediatdfinfish hatchery
effluentswhile producinga secondcommercialcrop. Modifying marinealgae,e.g. Porphyra spp. to
bioremediateeffluentsfrom a freshwatelfish hatcherymay seemanomaloushowevera commercial cold
freshwateralternativedoesnot exist. The developmenbf a zerosalinity tolerantcultivar is the focus of
both cultural and molecular investigations.

The developmenbf a freshwaterPorphyra cultivar, the singulargoal of yearone of a two-yearUSDA
sponsoredesearcteffort, hasbeenachieved. Thalli are presentlygrowing at a greaterrate, althoughnot
significantly, in ion-supplementedreshwater(0.06 ppt) as comparedto the control of full strength
seawater (32 ppt).

Calcium ions have beendemonstratedo exert key regulatoryeffects on algaewhen exposedto low
salinities. Previousreportssuggesthat: 1) calciumis a key elementin determiningalgal survival at low
salinities and 2) that geneticisolatesof various seaweedsnay possesslterationsin distinct genes
including Calcium ReceptorgCaR) that provide themwith the ability to adaptto the shifting salinities.
CaRshave beenshownto be the OmastercontrollerOof divalent calcium homeostasisn humans,
flowering plants and green algae. Preliminary efforts have suggested similar mole&ulggiina.

As a resultof the progressmadeduring the initial twelve monthsof the USDA grant,we increasedhe
scopeof theresearctplanto includeboth the gametophytiqasoriginally describedn the grantproposal)
andthe sporophyticor conchoceliform of Porphyra’s life historyin the low salinity experimentation.
Anticipatedyeartwo benefitsinclude: expandingthe cultivation scale,developingthe ability to culture
algaein divalent cation supplementedreshwaterwith finfish effluents,and investigatethe molecular
basis for algal osmoregulation.

§8

AN INVASIVE PADINA ON A BLEACHED CORAL SITE IN THE ANDAMAN SEA

Larry B. Liddle* and Niphon Phongsuwan
! Southampton College of Long Island University, Southampton, NY 11968
2 Phuket Marine Biological CentdPhuket, 63000 Thailand

Phongsuwamocumented massiveovergrowthof Padina on a bleachedcoral site in the SurinIslandsin
the AndamanSeain 1997. The bleachingat this site was observedas early as 1991. This Padina
population has maintaineditself in varying but profuseamountsuntil the presenttime. Therefore,
althoughit is a native genus,Padina hasbehavednvasively at this site. In an attemptto understandhe
invasive succesof Padina we have comparedthe reproductivepatternsof the Surin populationwith
thoseof non-reef-associategopulationsfrom aroundPhuketlsland,alsoin the AndamanSea.Thereare
no otherreportsin the literatureof Padina asaninvasivealga. Patternof sexualandasexuaktagedrom
the Surin bleachedcoral site differ from thoseof populationsfrom Phuketlsland. Also, besideshe fan
shapedfoliose morphology, Padina maintainsa basal phase,more creepingin habit, from which
numerousgrowing points emergeacting as a vegetativepropagule. The invasive succesof Padina
populationscanin part be attributedto this vegetativereproduction.This phaseis lesssubjectto wave
action and, beingin the intersticesof the coral rock, is also lessavailableto grazers. Any removal
experimentgdesignedto assesshe impact of Padina on bleachedcoral recuperatiorhaveto take this
phaseinto consideratiorbecauseas a remnantof the massivepopulationit canregrowreadily without
sexual reproduction or asexual spore germination.
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UNEXPECTED STRUCTURE AND EXPRESSION PATTERN OF PCNA IN THE
DINOFLAGELLATE PFIESTERIA PISCICIDA.

SenijieLin, Huan Zhang, and Yubo Hou.
Department of Department of Marine Sciences, University of Connecticut, Groton, CT 06340, USA.

Proliferatingcell nuclearantigen(PCNA) andits encodinggenehavebeenidentified in a wide rangeof
organismsincluding several groups of microalgae.Although dinoflagellatesare ecologically and
economicallyimportant,their PCNA geneshavenot beenstudied.In this study,we analyzedpcna andits
encodedproteinfrom the putatively toxic dinoflagellatePfiesteria piscicida (Ppi_pcna). Using RT-PCR
andRLM-RACE methodsthe codingregion (777 bp) andthe 50and30-non-translateshdsof Ppi pcna
cDNAs were isolated, with their 5Gend and coding regions essentiallyidentical but 30-endregions
drasticallydifferent. The codingregionwas composedf 258 aminoacid residuegqaa), similar to that of
vertebratePCNA (260-262aa) and typical plant PCNA (264 aa), and shorterthan that of its alveolate
relativesPlasmodium (274 aa,X68739and Toxoplasma (316 aa,AF242301) PCRusinggenomicDNA
as the templateyielded multiple products,whose sequencesevealedtandemrepeatcopiesof pcna
separatedby unknownsequencedJsing Real-TimePCR,we detectedd1+7 copiesof this genein eachP.
piscicida cell. ReversetranscriptionReal-Time PCR indicateda fairly constantpcna mRNA level
betweenexponentialand stationarygrowth phasesWesternblot analysisusing a polyclonal antiserum
raisedagainsthe P. piscicida PCNA revealeda slightly more PCNA per cell (aboutl1.5 times)in the
exponentialphasethan the stationarygrowth phase.The resultssuggesthat 1) P. piscicida and likely
otherdinoflagellategpossess typical pcna; 2) unlike in othereukaryotesexaminedso far, pcna occursin
multiple copiesin P. piscicida, mostlikely asaresultof rampantduplication;3) regulationof the function
of P. piscicida PCNA may resideat differential expressionof different copiesand posttranslational
modificationor intracellularlocalization;4) utility of PCNA for P. piscicida growth rate studiesneedsto
be assessed further.

§8

ELECTROPORATION OF PORPHYRA YEZOENSISMONOSPORES.

Yen-ChunLiu, Andrew J. Cary and Donald P. Cheney. Biology Department, Northeastern University,
Boston MA 02215

Thered alga Porphyra yezoensis is widely cultivatedandis one of the mostextensivelystudiedof the
macroalgae.Our lab is interestedn understandinghe biology of Porphyra,aswell asdevelopingit asa
potential resourcefor biotechnologicalapplications. In order to use many of the currentmolecular
geneticand genomicapproachedt is importantto havea high efficiency genetictransformationsystem
for Porphyra. Ourlab hashad previoussuccessisingthe soil pathogemgrobacterium tumefaciens 10
introducenew genesinto Porphyra but havefound that transformantsare producedat a low frequency.
Recentlya methodwasdevelopedhat allows the massproductionof monosporen culture (Hiroyuki M.
et al., Journalof Applied Phycology15:345,2003). We are working to developa high efficiency
transformationsystemthoughthe electroporatiorof inducedPorphyra monospores.Sinceit is unclear
how robustreportergenesfrom greenplant or animal constructsare expressedn Porphyra we evaluate
monosporeelectroporatiorusing fluorescentdye accumulationas an assay. We have achieveda high
frequencyof dye loading by optimizationof the electroporatiorand growth conditions. We havealso
grown the electroporatednonosporedackto full blades. In parallelto the electroporatiorexperiments
we are developingnew geneexpressiorcassettedasedon Porphyra sequencenformationin orderto
introduce new genes into the monospores.
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INVESTIGATIONS OF THE TOLERANCE ABILITY OF PORPHYRA TO SURVIVE
EXTREME ENVIRONMENTAL STRESSES.

Yen-ChunLiu, Tim Hogan, Andy Cary, Angela Silvestro Leslie Graham, and Donald Cheney. Biology
Department, Northeastern University, Boston, MA 02115.

The intertidalred macroalgaPorphyra lives in anenvironmentn which it is exposedo extremedn light
andtemperaturen atidal, daily, andseasonabasis.During the winter, for example gametophytélades
experienceextremedesiccation(with over 90% waterloss)andfreezing,while duringthe summer blades
experienceextremedesiccatiorandtemperaturesver 25 °C. Becausét hascogenerghatlive at different
intertidal heights,aswell asa sporophytgConchocelisphasethatis believedto live only subtidally, we
think Porphyra presentsa goodmodelsystemto investigatehow suchseaweeddaveadaptedo extreme
environmentaktressest the biochemicaland molecularlevels. This is an areathat not muchis known
aboutin seaweedg¢Davidsonand Pearson;1996, J. Phycology32:197)but a greatdealis understoodn
land plants.This posterwill describesomeof our preliminary effortsin this area.For example we have
somedatacomparingthe polyunsaturatedatty acid (PUFA) compositionof bladesand Conchoceliswith
their relative ability to withstandfreezing.Interestingly,we havefound a significantdifferencein the
PUFA compositionin bladesvs. Conchocelis,as well as an overall trend toward an increasein
unsaturatedatty acids at low temperatureWe are also looking at whethersugarsand antioxidants
(electronscrubbersmight be playing key rolesin desiccatiorntolerancelike they do in land plants.And
finally, we have someinformation on the lower salinity limits for Porphyra, in both bladesand
Conchocelis. It is our hope that this poster may stimulate collaborative research interest in this area.

§8

AN INVENTORY OF SCALED CHRYSOPHYTES ALONG COASTAL MAINE, USA, AND
THEIR RELATIONSHIPS TO ENVIRONMENTAL VARIABLES.

Anne M.Lott and Peter A. Siver. Department of Botany, Connecticut College, New London,
Connecticut, 06320, USA.

The distributionsof silica-scaledChrysophycea@and Synurophyceaén 31 freshwatemwaterbodiesrom

threeregionslocatedalongthe coastof Maine, USA, are describedand relatedto chemicalvariables.
Phytoplankton periphyton,and surfacesedimentsrom eachof the 31 siteswere collectedin Juneof

2002andlater analyzedextensivelywith both scanningelectronmicroscopy(SEM) andlight microscopy
(LM) for scaledchrysophytes.In addition, water sampleswere usedto measurea variety of chemical
characteristicsincluding specific conductivity, pH, alkalinity, total phosphorustotal nitrogen,chloride,

sulfateand basecation concentrations.The threestudiedareaswere the ChinaLakesRegionalongthe

southerncoast,Acadia National Park of the middle coast,and the MoosehornNational Wildlife Refuge
along the northern coast. The waterbodiesare of glacial origin and are characterizedas dilute,

oligotrophic,andlow in alkalinity. Waterbodiesn all threelocalitieswerefoundto be rich andabundant
in scaledchrysophytes. To date,we haveidentified over 60 taxa of silica-scaledChrysophyceaand

Synurophyceaegepresentingix genera. The numberof taxafound per lake rangedfrom 10 to 33 and

observationsnclude new recordsof manyrarely reportedspeciessuchas Mallomonas guttata f. simplex

and M. perfossa. Dominating the flora were Synura echinulata, S. petersenii, Chrysosphaerella

longispina, Mallomonas caudata andSynura sphagnicola. In addition, nine speciesof the genus
Spiniferomonas were recorded. Waterbodieswith the highestdiversity and abundance®f scaled
chrysophytesan be characterizedhs moderatelyacidic, dilute and slightly humic, supportingfindings

from previous studies.
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TOWARD RESOLUTION OF GREEN PLANT PHYLOGENY.

Dina F.Mandoli', Jeffrey L. Boor& Michael J. DonoghdeRichard Olmstedd Karen RenzaglfaAlan

R. Smitlf, Paul Wolf, Brent D. Mishlef and Charles J. OOKA&lly

!Department of Biology, University of Washington, Seattle, WA 98195

2University Herbarium and Department of Integrative Biology, University of California, Berkeley, CA
94720

®Department of Ecology and Evolutionary Biology, Yale University, New Haven, CT 06520
“Department of Plant Biology, Southern Illinois University, Carbondale, IL 62901

°Department of Biology, Utah State University, Logan, UT 84322

®Bigelow Laboratory for Ocean Sciences, West Boothbay Harbor, ME 04575

The tree of life is inherentlyfractal. Look closely at onelineageof a phylogenyandit dissolvesinto
many separatdineages,andsoon. A greatbody of phylogeneticresearcthasprovidednumeroustools
applicableat particular, usually fairly constrainedscales. Thesetools have left many phylogenetic
guestionsunanswered. We think thesequestionswill remain unanswereduntil it is possibleto do
analysesacrossmultiple scales. Our objectivein this researchis to resolvethe primary patternof
evolutionarydiversificationamonggreenplants. We believethat a solid backbonebasedon multiple
classef datafrom genomicsto morphologywill enablethe integrationof previousandongoingstudies
of manymoretaxainto a comprehensiveicture of greenplant phylogeny. We haveselectedb0 taxafor
analysis,with specialreferenceto OdifficultOproblemsin greenplant phylogenysuchasthe origin and
early diversificationof bryophytesthe monophylyof the algal classUIvophyceaeandthe relationships
amongprasinophytes.For thesetaxawe are sequencingnitochondrialand chloroplastgenomesandare
constructingBacterialArtificial Chromosomdibrariesfor their nucleargenomes.We arehavingsuccess
with flow-cytometry mediatedorganellesortingandrolling-circle DNA amplificationto obtainorganelle
genomegelatively quickly anda considerableeductionin the amountof plant materialrequired. Also,
for thesesametaxa, we are assemblinga comprehensiveset of morphologicaland ultrastructuraldata.
We intendto usethesedatato infer a Ocore@hylogeny,and developcomputationatools and strategies
that permit scalingacrossphylogeneticstudies. Supportedby five grantsfrom the NSF Assemblingthe
Tree of Life program. Project website: http://ucjeps.berkeley.edu/TreeofLife/.

§8

THE LARGEST GROUP OF ALGAE BEGINS TO MAKE SENSE: THE CONTRIBUTION OF
GENOME STUDIES TO UNDERSTANDING DIATOM BIODIVERSITY.

David G.Mann. Royal Botanic Garden Edinburgh, Edinburgh EH3 5LR, Scotland, UK

Evendiatomistshave usually underestimatedhe scaleof the contributionmadeglobally by diatomsto
atmospherebocedluxes andnutrientcycling, the numberof diatomspeciesandthe possibilitiesdiatoms
offer for monitoring presentand pastenvironmentsThis is a truly significantgroup of organisms.The
recentsequencingand annotationof the Thalassiosira pseudonana genomeby Armbrust et al. has
providednew insightsinto diatommetabolisme.g.the unexpectediemonstratiorof a ureacycle, besides
featuredikely to be characteristiof only a subsetof diatoms,e.g.multiple chitinasesandaspectof wall
biochemistry.Another whole genomesequencefor Phaeodactylum, is underway, in the contextof
previouswork demonstratingransformatiorof this organism.Diatom shellsareintricateandcanbe used
to derive many characterdor taxonomyand phylogeneticreconstruction]eading by 1990to a more
developed(though not necessarilymore accurate)classificationthan for possibly any other group of
microbial eukaryotesSincec. 1990, the classificationgderivedfrom morphologicaldatahavebeentested
using moleculardata. Resultsindicate that at the specieslevel, diatomsare grossly underclassified,
supportingearlierconclusiondrom mating dataand morphometricsCryptic speciesarelikely abundant.
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At higherlevels,moleculardatahaveprovidedgoodinsightsinto family relationshipswheremorphology
is equivocalbecausef extensivehomoplasy However,at ordinal/clasdevels, althoughsomeaspectof

phylogenyarewell establishede.g.monophylyof raphiddiatoms,monophylyof pennatesandcorrelate
well with othersourcesof information (cytological, reproductive morphogeneticmorphological),many
nodeshavetantalizingly low supportin eachdata-setMultiple geneapproachesnay help (but what if

diatomevolutionhasbeendominatedby a few ancientexplosiveradiations?)One extracaveat:lack of

basicinformationaboutmanytaxameansthat, evenif the phylogenyis establishedwe wonObe ableto
make much sense of it.

§8

USING MOLECULAR TOOLS TO RESOLVE DIVERSITY AND PHYLOGENETIC
AFFINITIES OF SPECIES INCLUDED IN THE RED ALGAL GENUS RHODYMENIA FROM
AUSTRALIA.

Brian McDonald and Gary Saunders. Department of Biology, University of New Brunswick, Fredericton,
New Brunswick, E3B 6E1, Canada.

The red algal family Rhodymeniaceabashad an inconsistentaxonomichistory becauseof fluctuating
emphase®n varying anatomicalcharactersTraditionally basedon vegetativecharacteristicsncluding
algaewith eithersolid thalli or hollow thalli lacking periclinal filaments,the modernperspectivdfocuses
on reproductiveanatomyand containsrhodymenialearalgae with four-celled carpogonialbranches,
cruciateandintercalarytetrasporangiaand an absencedf a tela arachnoidea. In this regard,mostspecies
of the type genus,Rhodymenia, havefeaturesconsistentwith the familial description.However,a few
Australian speciesexhibit reproductivestructuresin conflict with this construct.The objective of this
researchs to resolvethe phylogeneticaffinities of all of the presentlydescribedspecieof Rhodymenia in
Australiathroughmolecularphylogeneticanalyseof the large subunitribosomalDNA. Our molecular
data indicate that the speciesof Rhodymenia with anomalousreproductivecharacteristicdelongto
segregatgenera.Specifically, Rhodymenia stenoglossa, R. obtusa, andsomecollectionsof R. sonderi
groupwith otherspecieof Rhodymenia, whereasR. verucossa, R. cunneata, andsomecollectionsof R.
sonderi groupmore closelywith the genus@alichrysis’. A third distinct groupingfrom the R. sonderi
collectionsgroupswith Fryeella. The taxonomicand phylogeneticconsequencesf this researchwill be
discussed.

§8

FUZZY SPECIES BOUNDARIES IN HYDRODICTYACEAE (CHLOROPHYCEAE): CAN
MOLECULES AND GROWTH STUDIES GIVE US 20/20 VISION?

Hilary A. McManus and Louise A. Lewis. Department of Ecology and Evolutionary Biology, University
of Connecticut, 75 N. Eagleville Rd. Box U-43, Storrs, CT 06269, USA.

Robust phylogenetictrees offer insight to morphologicalvariation within species,the validity of
taxonomic designations and evolution of morphologicaltraits such as body forms. In addition, a
phylogenetidree providesa frameworkfor the interpretationof morphologicalvariationseenin response
to differing environmentalcues (phenotypicplasticity). Constructinga robust phylogenetictree is
dependenbn severalimportantfactors,including adequatdgaxon sampling,obtainingdataof sufficient
variation,andincluding datafrom independensourcesuchasmultiple genesandmorphology.Our work
on the systematicsof the greenalgal family HydrodictyaceagSphaeroplealesChlorophyceae)and
guestionsregardingspeciesboundariesand morphologicalevolution, hasinvolved a searchfor gene
sequencalatafrom multiple cellular compartmentshat could provide well resolvedandwell supported
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nodes.This study has also demonstratedhat increasingtaxon samplingcontinuesto impact the tree
topologyandour interpretation®f speciegelationshipsOur resultsthusfar reveala patternof evolution
from two-dimensionalPediastrum colony forms to three-dimensionaHydrodictyon andSorastrum
colony forms, and numeroudifficulties in interpretingspecieboundarieswvithin the genusPediastrum.
In conjunctionwith constructinga molecular phylogenetictree, preliminary growth experimentson
strainsof Pediastrum haverevealedmorphologicaldifferencesjn at leastone strain,whencoloniesare
grown in varying concentrationsof growth medium. Thesechangesin morphology may resultin
differing taxonomic designations,raising questionsas to what morphological characteristicsare
taxonomicallyinformative. Discussedarea comparisorof the phylogeneticsignaland resolutionfound
in sequencealatacollectedfrom threecellular compartmentsthe nucleus(26rRNA), chloroplast(rbcL)
andmitochondrion(coxl), aswell aswhatrecentphylogeneticanalysesandplasticity studiesrevealabout
species boundaries and morphological evolution in the gesligstrum.

§8

AUTOGAMY IN THALASSIOSIRA NORDENSKIOELDII AND SELECTED OTHER MEMBERS
OF THIS GENUS.

Kelsey E Mills and Irena Kaczmarska. Department of Biology, Mount Allison University, 63B York
Street, Sackville, New Brunswick, E4L 1G7, Canada

Thelife history of diatomsis diplontic with propagatiorbeing primarily asexualWwherein many species
populationmeancell size declinesuntil individual cells becomesexually inducible. During sexual
reproductionand resulting auxosporulationexpansionof the diploid zygote restoreslarge cell size,
wherebyensuringthe survival of the populationandspecies. The understandingf sexualreproductionn

centricdiatomslags behindthe pennates.This projecthastwo goals:to determinesexualbehaviourand
gametogenesim selectedcentric diatoms(via EpifluorescentMicroscopy(EM), andto determinetheir

reproductivecell fine structuresusing ScanningElectron Microscopy (SEM). Three Thalassiosira

specieqT. nordenskioeldii, T. punctigera, andT. pseudonana) weresuccessfullyinduced. Early stagesf

auxosporulatiowere observedn all threespeciesjn threeclonesof T. nordenskioeldii, triplicatesof the
sameclonein T. pseudonana andin onecloneof T. punctigera. In T. pseudonana andT. punctigera

auxosporulationdid not run its full courseand initial cells were not observedin theseclones.
Spermatogenesiwas absentin all our clones as neither spermatogonangiaor spermnuclei were
observedduring the induction. Induction successvaried between 16.75% and 40.62% in T.

nordenskioeldii, was 12.33% if. punctigera and was 21.53% on averag€lirpseudonana.

EM observationof the nuclearbehaviourduring auxosporulatiorof 7. nordenskioeldii confirmedthatit

reproducedautogamously. Autogamy in this speciesbeganwith an unequalmitotic division and
subsequenpervalvarexpansionof the auxosporemothercell. The smallercell often continuednormal
vegetativegrowth. In the auxosporanothercell, Meiosis| was acytokineticandresultedin oneviable
haploid, and one pycnotic nucleus. Meiosis |l resultedin the productionof two viable haploid nuclei
which fused to producethe diploid zygotic nucleus. Auxosporeexpansion,accompaniedoy the
productionof scaleswasobservedn cells both prior to nuclearfusion andfollowing the autogamy. The
initial cell valveswere producedafter at leasttwo acytokinetic,pycnotic mitotic divisions, following

which the cell wascapableof undergoingits first normalvegetativedivision. SEM examinationshowed
variability between species in the quantity of scale contribution to the auxospore wall.
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DISTRIBUTION, GROWTH AND MICROZOOPLANKTON GRAZING OF FIVE
PHYTOPLANKTON SPECIES IN LONG ISLAND SOUND INVESTIGATED BY REAL-TIME
QUANTITATIVE PCR.

Lilibeth Miranda, Huan Zhang, George McManus, and Senjie Lin
Department of Marine Sciences, University of Connecticut, 1080 Shennecossette Rd Groton, CT 06340

Dilution methodis a techniqueusedin studying phytoplanktongrowth ratesand mortality ratesdue to
microzooplanktongrazing. Numerousstudieshave been conductedutilizing this standardtechnique,
usingtotal chlorophyllasmeasurementf meancommunitygrowth andgrazingrates.However,thereare
insufficient studieson the growth andgrazingof specific phytoplanktonspeciesalthoughinformationon
populationdynamicsand regulatingmechanismss often crucial for understandinghe function of the
ecosystem.

In this study we investigateddistribution, growth and grazingratesof Akashiwo sanguinea, Scripsiella
sp.,Cyclotella cryptica, Tetraselmis striata andRhodomonas sp.in Long IslandSound(LIS) representing
four different classesof phytoplankton.Species-specifiprimerswere developedbasedon the small
subunitribosomalDNA (18S rDNA) (Cyclotella cryptica, Tetraselmis striata and Rhodomonas sp.),
mitochondrialcytochromeb gene(cob) (Scripsiella sp.),andPCNA gene(4dkashiwo sanguinea). Samples
were collectedfrom sevenstationsin LIS from August2002throughSeptempe2003,andabundancef
the five speciesvasquantifiedusing Real-TimequantitativePCR. To further examinehow the dynamics
of thesespecieswas regulated,sampleswere collectedfrom dilution experimentsconductedduring a
Long Island SoundIntegratedCoastalObservingSystem(LISICOS) cruiseon March 2005. DNA was
extractedand Real-TimequantitativePCR conductedo allow estimationof growth and grazingratesof
thesespeciesRelativeimportanceof growth andgrazingin regulatingthe populationdynamicsof these
species will be discussed.

§8

GIRDLE BAND STRUCTURE IN THE FRAGILARIOID GENERA STAUROSIRA AND
STAUROSIRELLA(BACILLARIOPHYCEAE).

Eduardo AMorales and Sarah E. Hamsher. Patrick Center for Environmental Research, Academy of
Natural Sciences, Philadelphia, Pennsylvania, 19103, USA.

Oneof the shortcomingsn the taxonomyof Staurosira Ehrenbergand Staurosirella Willliams et Round
is the lack of sufficient charactergo differentiatethem at the morphologicallevel. The tremendous
variability andintergradation®f somediagnosticfeaturesamongseveralspeciesmaketheir separation
difficult. One potentialstructurethat may yield a numberof distinguishingdiagnosticfeaturesis the
cingulumor girdle, which in fragilarioid diatomsis composef a valvocopulathat attachedirectly to
the valveinterior and severaladditionalsiliceousbeltseachknown ascopula. In spite of the existenceof
a considerableamountof literature on fragilarioid diatoms,few investigatorsmake referenceto the
structureof the girdle. Many protologuesof new speciegyive the impressionthatthey simply follow the
descriptionof the cingulumof the correspondingienuswith no extraeffort devotedto the studyof girdle
bandsin thoseparticularspecies. The structureof the girdle hasoften beenassumedo be a relatively
simple structurewith no variability within or acrossspecies. Therefore,entire generaare believedto
includespecieswvith openandclosedcingulum,with andwithout fimbriae, etc. More recentlyit hasbeen
shownthat specieswithin Staurosirella vary in the open/closedatureof their cingula. Evidently, more
studiesare neededto assesgatternsof variability in girdle band structureof the different fragilarioid
genera. Somepreliminary details of the structureof the girdle in one specieswithin Staurosira and
anotherin the genusStaurosirella are presented.Detailed observationof the cingulum of Staurosira
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construens Ehrenbergreveala cingulum composedof closedand open girdle elements,which may
represent the first report of this kind for fragilarioid diatoms.

§8

THE INFLUENCE OF COASTAL TOPOGRAPHY AND CIRCULATION PATTERNS ON
POPULATION GENETIC STRUCTURE OF FUCUS VESICULOSUSL. IN THE GULF OF
MAINE.

Jessica FMuhlin and Susan H. Brawley. School of Marine Sciences, University of Maine, Orono,
Maine 04469, USA.

Water motion influencesgametereleasein the brown alga Fucus vesiculosus, with releaseconfinedto

calm, sunnyconditions. Levels of water motion on oppositesidesof a coastalpoint canvary greatly
during the reproductiveseason. Consequentlyenvironmentalasynchronyacrossa point may cause
temporalreproductiveisolation. This isolation may resultin geneticdifferentiationthat is basedon

topography. Geneticdifferentiation may also result from spatialisolation (isolation by distance)of

individualsthat canreproducewith eachother. We aretestingwhetherpopulationsof F. vesiculosus on

oppositesidesof a coastalpoint are geneticallydistinct. Six microsatelliteloci were usedto define
geneticstructureat a large spatialscaleby comparingfucoids at Schoodicand PemaquidPoints (80 km

apart)and on a smaller scaleby comparingsiteson either side of eachpoint (separatedy 100s of

meters). Preliminary resultsindicate populationsof Fucus vesiculosus from SchoodicPoint are not

differentiatedfrom populationsat PemaquidPoint. At the scaleof oppositesidesof a coastalpoint,

populationstructureis not relatedto topography. Otherfactors,suchas local currents,may influence
geneticstructureof F. vesiculosus along a coastalpromontory. Fine-scalecirculation studiesusing

orangesasdrifters demonstrateéhe potentialfor storm-detached:eproductivefrondsof F. vesiculosus to

raft arounda coastalpoint aswell asto disperseover large distancesalongthe Maine coast.(Supported
by NSF OCE-99043)

§8

A CELLULOSE SYNTHASE-LIKE (SUBFAMILY D) (CSLD) GENE FROM COLEOCHAETE
SCUTATA.

Alissa A.Neill and Alison W. Roberts. Department of Biological Sciences, University of Rhode Island,
Kingston, Rl 02881, USA.

Celluloseis an important componentof many plant and algal cell walls and exists as crystalline
microfibrils composedodf (3-1,4-glucanchains. Cellulosesynthasegenes(CesA4s) encodethe catalytic
subunitsof the cellulosesynthaseenzymein bacteria,algae,andland plants. Cellulose Synthase-Like

geneq CSLs) arecurrentlyonly foundin land plants.lt is hypothesizedhatthe CSLD proteins,which are
similar in aminoacid sequencao CesAs,areinvolvedin normalgrowth of root hairsandpollentubesin

land plants. However,their specificfunctionis unknown.In Arabidopsis,one of the six known CSLDs,
AtCSLD3, is involvedin root hair growth. Whenthis genewasmutated the resultsindicateda distortion
andrupturing of tip-growing cells. In tobacco,CSLD proteinsare expressedn pollentubes,which have
a cellulosic cell wall. Thesetobaccopollen tubesdo not expressCesAs, indicating that CSLDs may
function to producecellulosein the absenceof CesAs. In eithercaseit is evidentthat the tip-growing
cells in both plants have localized expressionof the CSLDs. The first algal CSLD genehasbeen
identifiedin the greenalga Coleochaete scutata usingdegeneratprimersand PCRtechniques.Southern
Blot analysisshowsa 5 kb bandfrom the digestionwith HIND Ill. Furtherinvestigationusinginverse
PCRandin situ RTPCRwill bedoneto furthercharacterizéhe CSLD genein C. scutata. Localizationof
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the genewill testthe hypothesisthat the hair tip cells on this algaexpressCSLDs. This projectwas
supportedby the National ResearcHnitiative of the USDA CooperativeStateResearchEducationand
Extension Service, grant number # (2003-35304-13233) and the University of Rhode Island Foundation.

§8

PIT PLUGS AND PLASMODESMATA IN THE ULVOPHYCEAE (CHLOROPHYTA):
OCCURRENCE AND PHYLOGENY

Charles JO’Kelly* Brian Wysot?, Wendy K. BellowS and Jeffrey L. Browh
!Bigelow Laboratory for Ocean Sciences, West Boothbay Harbor, ME 04575
’Program in Marine Sciences, The Richard Stockton College of New Jersey, Pomona NJ 08240

Few of the greenalgaethat have beenplacedin the Ulvophyceaehave perforatedsepta;crosswalls
betweencells are eitherintact or (asin the Dasycladalesand Caulerpales)acking. Plasmodesmata,
commonamongmembersof Chlorophyceaend the Gharophyte/streptophytetiyae,have beenfound
amongulvophytesonly in the Trentepohlialesandin one marine microfilamentousspeciesfrom Chile,
assignedo the genusSporocladopsis. Pluggedseptaresemblinghe pit connectionf florideophytered
algae, appearin two species,Smithsoniella earleae and Ctenocladus circinnatus, the phylogenetic
positionsof which havenot beenestablished.We havefound plasmodesmatem Sporocladopsis isolates
from Australia and California, and pluggedseptain two speciesfrom the Atlantic Ocean,4croblaste
reinschii Wille and Huberiella perforans (Huber) comb. nov. ined. (Endoderma perforans Huber,
Epicladia perforans (Huber)Nielsen;Huberiella gen.nov. ined.). Perforateseptahaveevolvedmultiple
timesin the Ulvophyceae. Sporocladopsis is a memberof the Ulvellaceae not the Trentepohlialesin
molecularsequencehylogenies. Smithsoniella is likewise a (basal)memberof the Ulvellaceae while
Acroblaste, Ctenocladus, and Huberiella form a separateclade (Ctenocladaceaeyister to the
Bolbocoleon, Phaeophila, and Kornmanniaceae clades at the base of the Ulvales.

§8

RECOVERY PATTERNS IN THE ROCKY INTERTIDAL ZONE OF FRENCHMAN BAY,
MAINE, FOLLOWING ICE SCOUR: IMMORTAL FUCUS?

David E.Olson'and Susan H. Brawléy
School of Marine Sciences, University of Maine, Orono, Maine 04469, USA.

Ice scouralongthe coastof Maine occursregularly, but the severityof this disturbanceandits effecton

intertidal communitiesvaries both seasonallyand annually. Severeice scourcan causethe complete
removalof intertidal organisms. In the winter of 2004, severeice scouroccurredin the upperand mid-

intertidal zonesalong the northernshoreof FrenchmarBay at SchoodicPoint (Acadia National Park),
Maine. We are studyingcommunityrecoveryand comparingit to previousstudiesof ice scourin the
northwesterrAtlantic. A particularfocusis to determinethe rate of recoveryandwhetherfucoid canopy
is reestablishethy new colonizationor regeneratiodrom original holdfasts. Two sites,separatedby 100s
of meters,were monitoredto definerecoverypatternsover a small spatialandtemporalscale. Both sites
containeda full canopyof Fucus vesiculosus (100% surfacecover)in the mid-intertidalzoneprior to the
ice scour. Quadratg0.25m?) wererandomlypositionedin the zonesat eachof the two sites.Pointcounts
(100 pointsfjuadrat)monitoredchangesn speciediversity andabundance.The intertidal zonein April,

2004, containedsubstantiabare spaceand newly recruitedbarnaclesmatureF. vesiculosus wasfound
only in crevices but manybasalholdfastsremainedon the moreexposedunprotectedareas. Quantitative
samplingbeganin July (2004);the first analysisin the mid-intertidalzone(n = 6 quadratsshowed8 + 6

% (meanx SE) F. vesiculosus surfacecover,21 + 11 % Semibalanus balanoides and 25 + 7% bare
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substratum. Many F. vesiculosus holdfastswere regeneratingn July as clustersof upright thalli; the
longestthallusperclumpwas4.67 + 0.36cm (meanz SE). Subsequenanalysegevealedittle changen
speciedliversity andabundancer of the lengthof regeneratind”. vesiculosus thalli. Sizestructureof S.
balanoides, though, changedmarkedly as young barnaclesgrew in size and no longer could be
differentiatedfrom mature,previouslylarger,barnacles.Recoveryof the fucoid canopyis occurring,but
it cannotbe determinedwhethernew colonizationor regeneratiorfrom holdfastsplaysa greaterrole in
the rate of this recovery. (Supported by OCE-99047 to SHB.)

§8

SOME BIOLOGICAL AND CHEMICAL CONSEQUENCES OF AMD, SEWAGE
TREATMENT, AND THERMAL POLLUTION BELOW THE CONFLUENCE OF THE WEST
AND NORTH BRANCHES OF THE SUSQUEHANNA RIVER AT BYERS ISLAND,
NORTHUMBERLAND CO, PA.

Chia H.Pai and Jack R. Holt. Biology Department, Susquehanna University, Selinsgrove, PA 17870

Throughoutthe fall of 2004, we examinedhe effectsof acid-minedrainage sewageeffluent,anda coal-
fired power plant on the ecology of the Susquehann®&iver in NorthumberlandCounty, Pennsylvania.
Theriver is virtually divided into westandeastchanneldy the presencef Byersislandin the middle of
theriver just southof the confluenceof the northandwestbranches.A coal-firedpowerplantis located
on the westchannelwhile ShamokinCreek,an AMD impactedstream flows into the eastchannel. We
collected water samplesfor standardphysical (temperature,pH, ORP, and TDS), and chemical
(phosphatenitrate, ammonium,and hardnessparameters. In addition, we deployeddiatometersand
preparedogs to serveas substratesrom which to collect diatomsat threeweekintervals. Our results
documentthe chemicaland biological influence and persistenceof the AMD plume from Shamokin
Creekinto the SusquehannRiver for 5 kilometersfrom the southernendof Sunbury,PA. Furthermore,
we documentchemicaland biological impactsof the thermalplume from the power plant on the west
shore. Our datasuggesthat the watersof the west and the north branchesof the Susquehann®&iver
show little lateral mixing below the confluenceevenwhenimpededby an inflatable dam at Sunbury.
Also, the chemicaland physicalplume from ShamokinCreekandthe thermalplumefrom the coal-fired
power plant togetherwith the watersof the north and west branchesmake four chemically distinct
streams within the river at Byers Island.

§8

HOSTS AND ASSOCIATES: A PHYLOGENETIC STUDY OF EPIZOOTIC SAPROLEGNIA
SPECIES (OOMYCOTA, CHROMISTA)

Benjamin B.Parrott, J. Craig Bailey, and David. E. Padgett. Center for Marine Science, UNC-
Wilmington, 5600 Marvin K. Moss Lane, Wilmington NC, 28409 USA

Twenty-eightsingle-sporeisolatesbelongingto the order SaprolegnialegOomycota,Chromista)were
establishedrom living or deadinvertebrateor vertebratehostscollectedin the southeastert).S. Partial
28SrRNA and completerRNA internaltranscribedspacer(i.e., ITS1, 5.8S,and ITS2) sequencesvere
determinedfor theseisolates,combined,and addedto a datasetincluding 72 other saprolegnialean
isolates. Phylogeneticanalysef thesedatawere usedto study host-associateslationshipsandtestthe
hypothesisthat all watermold speciesare opportunisticepizootics. Putative epizootic watermolds
belongingto five saprolegnialeamyenera(Achlya, Isoachlya, Leptolegnia, Pythium, and Saprolegnia)
were identified on the basisof morphologyand/or DNA sequenceomparisons. Resultsimply that
epizooticisolatesare generallymore closely relatedto one anotherthan they are to cladescontaining
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isolatesthat have yet to be recoveredfrom animal hosts. This patternis particularly evidentamong
isolatesassignedo the genusSaprolegnia and,to alesserextent,in Achlya. Althoughthe ability to infect
animal hostshasalmostcertainly arisenand beenlost independentlyin many watermoldtaxa,available
datado not supportthe hypothesisthat extantspeciesare all potentialanimal associatesTheseresults
alsohighlight problemswith the conceptof speciesand problemsof identificationthat plaguewatermold
systematics.

§8

MANAGING TRADITIONAL INFORMATION TO COMPLEMENT MOLECULAR
DESCRIPTIONS OF THE ALGAL WORLD.

David JPatterson. Marine Biological Association, Woods Hole, Massachusetts

The progressiveransformatiorof biodiversityaspectof phycologyto a moleculardiscipline contributes
to the OtaxonomignpedimentONew technologieenhancespeciesdiscoveryandthe resolutionof inter-
relationshipsbut othertaxonomicactivitiesb suchascustodialresponsibilityfor biodiversityinformation
- areeroded. This erosionhasthe potentialto isolatenew observationgrom their generalbiological or
ecologicalcontext. If that happensthe full valueof new insightswill not berealized,andwork may be
duplicated. This createsa challengeto mobilize traditional information so that it is e-accessibleand
integratedwith molecularinsights.A layeredapproacho this problemhasa numberof advantages.This
approachseeksto separatehe factual or objective componentof our knowledgeand placethemasa
basallayerin an electronicknowledgeworld. This separatiorallows objective elementsto be usedin
many different contextsand for eachcombinationto be enrichedwith interpretativeexpertise. The
createsew higher-orderaggregatesf knowledgethat suit anindividual anda context. The separatiorof
objective knowledgefrom more contextualizedknowledgeis efficient becauseit allows objective
knowledgeto be acquiredcollectively and be placedin a communalresource. This removesduplication.
Open accesspromoteshigh fidelity of factual information. The basalelementsinclude knowledge
domainssuch as names,ancillary nomenclaturalinformation, descriptions(as historical statements),
images,bibliography. Namesare seenasthe only availablesystemof universalmetadat&or biology
capableof annotatingall biocentricinformation. Whennamesare packagedn a communal editableand
flexible classification(CU*STAR), they offer a vision of a cross-projectindexing systemcapableof
unifying biological knowledgeon the internet. Basalor factualelementscanbe combinedinto Odynamic
fact sheets(and theseincorporatedwith higher ordersof organization(examplesbeing micro*scope,
Plankton*net, and Microbial Life (educational resources).

§8

A MORPHOLOGICAL EXAMINATION OF THE FRESHWATER DIATOM GENUS
FRUSTULIA (BACILLARIOPHYCEAE) FROM COASTAL PONDS OF NORTH CAROLINA,
USA.

Jeffrey M.Pelczar and Peter A. Siver. Department of Botany, Connecticut College, New London,
Connecticut, 06320, USA.

The genusFrustulia was found to be an abundantand important componentof the attachedalgal
communityin threesuitesof waterbodiesalongthe coastof North Carolina:the PocosinWildlife Refuge,
the CroatanNational Forestandthe BladenLakesregion. Frustulia, alongwith the genusEunotia, were
found to accountfor over 50% of the numberof valvesfrom most of the study sites. This was not
surprisinggiven that the waterbodieswere very acidic (mostwith a pH < 4), mostly humic-stainecand
relatively dilute. The objectivesof this projectwereto 1) characterizehe speciespresentwith light and
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scanningelectronmicroscopy;2) examinethe importanceof different morphologicalcharactersand; 3)
compareour findings with resultsfrom a similar surveyfrom the OcalaNational Forestin north-central
Florida. Basedon our preliminary findings, at leastnine specieswere found in the study, including
Frustulia krammeri, F. saxonica, F. crassinervia, F. pseudomagaliesmontana, F. bahlsii, F .
septentrionalis, F. pangaeopsis andtwo possiblyundescribedaxa. In additionto valve shapeandsize,
striaedensityand areolaedensity,the structureof the helictoglossaesaphefissuresand areolaewere all
found to be usefuland importantcharacteran distinguishingbetweenspecies. As reportedin our
previouswork, we observedhreedistincttypesof helictoglossaereferredto aslinear, rolled-tongueand
hoop-shapedyhich correlatewell with othersetsof morphologicalcharacters.The diversity of formsin
the North Carolina sites surpassed that described for the Ocala region.

§8

THE EFFECT OF IRON CHEMISTRY ON PHYTOPLANKTON COMMUNITY STRUCTURE
AND CARBON CYCLING IN THE OCEANS.

Lisa D.Pickell and Mark L. Wells. School of Marine Sciences, University of Maine, Darling Marine
Center, 193 Clarks Cove Rd, Walpole ME, 04573, USA

Large-scaleiron fertilization experimentshave shown that in someregions of the worldOsoceans
phytoplanktongrowthis limited by iron. Iron additionto thesewatersgenerates rapid responsef large,

fast growing diatoms,however,in somecasesthesediatom bloomsdo not fully form and insteadthe

community shifts to smaller phytoplankton.What might causesuch a changein the phytoplankton
community shortly after iron fertilization? It may be linked to changesn the iron chemistry. lron is

addedin a free, dissolvedform thatis availableto diatoms,howeverthe iron quickly becomesoundto

naturallyoccurringorganicligands. It appearghe diatomscannotreadily obtainiron from thesechemical
speciesandthusre-experiencéron limitation in the midst of a surplusof iron. The sourceand chemistry
of thesenaturalligandsis largely unknown,however they appeaito play animportantrole in determining
ecosystem structure and ultimately, carbon cycling in the ocean.

The primary objectivesof my thesisresearchare to ascertainthe effects of ligand-boundiron on

phytoplanktonproductivity, speciescompositionand carbonexport from surfaceto deepwaters. The

ability of various phytoplanktonculturesto scavengdree iron over a wide rangeof concentrationss

beinginvestigatedhroughiron manipulationexperiments. Somephytoplanktonare ableto grow under
exceedinglylow iron conditions(10°*3M), while otherscannot. Manipulation experimentshave also
beenconductedn the field with naturalphytoplanktonpopulationsusinga continuouscultureincubator.
In theseexperimentssyntheticligandsbelievedto mimic naturalones,weretestedto determinewhich

phytoplanktonwere ableto useligand-boundiron. Resultsfrom theseexperimentswill be putinto the
broader context of carbon export from surface waters and global climate change.

§8

EFFICIENT SINGLE-CELL ISOLATION OF PICOEUKARYOTES USING FLOW
CYTOMETRIC CELL SORTING.

N. J.Poulton, R. A. Andersen, J. Sexton, and M. E. Sieracki
Bigelow Laboratory for Ocean Sciences, 180 McKown Point Road West Boothbay Harbor, Maine

Picoeukaryotigphytoplankton(1 B3 um) are ubiquitousin marinewaters, but are poorly known. Due to

limitations of traditional isolation techniquesit hasbeenchallengingto study marine picoeukaryote
diversity and dynamics.Thesepicoeukaryotesare commonly observedusing flow cytometryand are
easily distinguishedfrom cyanobacteridSynechococcus and Prochlorococcus) andlarger eukaryotes.
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With automatedflow cytometric cell sorting, viable picoeukaryotecells can be efficiently sortedto
establishclonal cultures. Thesecultureswill complementmoleculardatato determinethe genetic
diversity of a specificregion. We useda DakoCytomationMoFlo cell sorterto samplethe diversity of
picoeukaryotegrom the Gulf of Maine. The picoeukaryotdraction was sortedinto media-containing
multi-well plates. Using different mediatypesand plate formats(96-24 well plates)manyclonalisolates
from the picoeukaryotdraction were obtainedfrom single cell and 10 cell sorts. Estimatesof the sort
successate usingsingle cell sortsof culturedpicoeukaryotesvere determinedo be betweenl and5%.
Dueto the high concentration®f picoeukaryotesn marinesurfacewaters,andthe speedwith which the
cell sorter can perform single-cell sorts, itOspossibleto efficiently obtain clonal isolatesfrom field
samples. Two samplesfrom the Gulf of Maine were obtainedfor isolation and diversity studies,one
from JordanOBasinin the centralGulf andonefrom a coastalsite. With both sampleshe picoeukaryote
fraction was sorted,incubated monitored,and clonal culturesisolated(one cell sorts). Many different
picoeukaryotesvere obtainedbasedon differencesin morphologyand growth characteristics. Flow
cytometric sorting providesan efficient methodto samplethe microbial diversity and obtain novel
cultures.

§8

CYTOPLASMIC CALCIUM OXALATE CRYSTALS IN CALLIPSYGMA WILSONI
(BRYOPSIDALES, CHLOROPHYTA) AND IN SELECTED CLADOPHORALEAN MARINE
GREEN ALGAE.

Curt M. Pueschel' and John A. We&t
'Department of Biology, State University of New York at Binghamton, Binghamton, NY
2School of Botany, University of Melbourne, Parkville, Victoria, Australia

Light microscopicstudy of the giant-celled,marine greenalga Callipsygma wilsonis (Bryopsidales)
revealednumerousbirefringentcrystallineinclusionsin the terminal segmentof the assimilatoryaxes.
The inclusionswerethin, wedge-shapeglateswith a triangularshapein faceview, a baseup to 60 um

long, anda heightthat was one-seventtihe length of the base. Chemicalsolubility testsshowedthat the

crystalswerecomposef calciumoxalate. Calciumoxalatecrystalspreviouslywerereportedto occurin

the large centralvacuolesof severalbryopsidalearspeciesbut the crystalsin C. wilsonis werepresentin

the parietal cytoplasmand moved in streamingcytoplasm. Living cells of marine membersof the
Cladophoraleswere examinedto determinethe sites of localization of calcium oxalate crystals.
Cytoplasmicstreamingwas not found in membersof this group, but small calcium oxalatecrystalsin

Chaetomorpha coliformis, Apjohnia laetevirens andValoniopsis pachynema were closely associatedvith

the thin layer of parietal cytoplasm. Thesefindings addto a growing body of evidencethat calcium
oxalatecrystalsin diversealgaemay originatein cytoplasmicvesiclesand appearin the centralvacuole
only secondarily.

§8

GENETIC VARIATION IN GAMBIERDISCUS TOXICUS

Mindy Richlen, Paul Barber, and Phillip Lobel. Department of Biology, Boston University, 5
Cummington Street, Boston, MA 02215, USA.

Gambierdiscus toxicus Adachiet Fukuyo1979is an armoredtoxic marinedinoflagellatethatis epiphytic
on macroalgaesandanddetritus.Certainstrainsof G. toxicus producetoxins associatedvith a form of
food poisoningcalled ciguaterahowever,not all strainsof G. toxicus aretoxin-producing. Variationin
toxin productionis hypothesizedo be geneticallydeterminedwhich may explainwhy ecologicalpatterns
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of G. toxicus abundanceare not always indicative of fish toxicity. However, a comprehensive
phylogeneticcharacterizatiorof globally distributedstrainsis still lacking, asis the identification of
molecularmarkersuseful for discriminatingbetweentoxic and non-toxic strains. The purposeof this
researchis to investigatephylogeneticpatternsusing globally distributedisolatesof G. toxicus to
determineif geneticstrainsare groupedaccordingto geographiclocation and if toxin productionis
concordantwith phylogeny. A preliminary phylogeneticcharacterizatiorof severalG. toxicus strains
usingLSU rRNA will be presented. A simple methodfor the single cell extractionof DNA from both
live and preservedlinoflagellatecells will alsobe discussed.This studywill complementan evaluation
of naturally-occurringphenotypicplasticity of G. toxicus by comparingmorphologicalvariation using
cellsisolatedfrom field samplescollectedfrom JohnstonAtoll, Pacific Ocean,comparedwith intra and
interclonal variations in laboratory cultures.

§8

MARINE PICOCYANOBACTERIA: GENOMIC INSIGHTS INTO ECOTYPIC DIVERSITY.
GabrielleRocap. School of Oceanography, University of Washington, Seattle, WA 98195

The unicellularmarinecyanobacteriunProchlorococcus comprisesa dominantportion of photosynthetic
biomassn the openoceans.The genusProchlorococcus consistsof two physiologicallydistinct ecotypes
that are suited for optimal growth in either surfaceor deepwatersof the oceaniceuphoticzone and
consequentlyhave different vertical distributionsin the ocean. Analysesof the completegenome
sequencesf threestrainsof Prochlorococcus, oneof the high light adaptedecotype(MED4) andtwo of
the low light adaptedecotype(SS120and MIT9313) haveprovidedinsight into the selectivepressures
thesecells facein the openocean. The threestrainsdiffer in their L6SrRNA sequencédy lessthan 3%,
yet aredramaticallydifferenton a whole genomdevel. The MED4 strainhasa genomesizeof 1,657,995
bp with a %GC contentof 30.8%, while the SS120genomeis 1,751,080bp with a %GC contentof
36.4%. In contrastthe MIT9313 genomecontains2,410,873bp andhasa %GC contentof 50.7%. The
comparativearchitecturesevealdynamicgenomeswvhich havebeenshapedoy genomicrearrangements,
deletionsandinsertions. Althoughthethreestrainssharea coresetof genesa significantnumberare not
shared,which have either beendifferentially retainedfrom the commonancestoror acquiredthrough
duplicationor lateraltransfer. Someof thesegenesplay obviousrolesin determiningthe relativefitness
of the ecotypesin responseo light, nitrogen,phosphorusandiron availability, and hencein regulating
their distribution and abundancen the oceans. Recentshotgunsequenceassembliegecoveredfrom
Prochlorococcus in the Sargass®&easuggesthatthereis a high degreeof microdiversityat the genomic
level within a single ecotype More extensiveanalysef this metagenomiaatamay revealloci actively
under selection in the marine environment.

§8

MOLECULAR CLONING OF GENES DIFFERENTIALLY EXPRESSED IN THE SILICIFIED
CULTURE OF SYNURA PETERSENII

KhadidjaRomari and Robert A. AnderserBigelow Laboratory for Ocean Sciences, West Boothbay
Harbor, Maine, 04575, USA.

The Synurophyceaes a classof golden-brown,freshwateralgae characterizedy highly organized
siliceousscalessurroundingthe cells. Synura peterseniiis one of the mostwidespreadspeciesand we
choseit to be our model organism.In a culture mediumlacking silica, Synura petersenii cells stops
producingscales eventhoughcells continueto grow. The scale-formingprocesss inducedagainwhen
silica is again addedto the medium. At present,the genesregulatingthe silicification processare
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unknown. The main objective of this study is to identify and sequencegenesthat are specifically
involved in scaleformation. To identify only the silicifying genes,we are using the suppression
subtractivehybridization (SSH) method. This techniguedelineatesthe differential gene expression
betweensilica scale-producingulture (S+) and nonscale-producingulture (S-). Forwardand reverse
subtractionsvere performedto identify candidategenesdifferentially expressedetweenS+ andS-. A
total of 68 differential expresseglasmid cloneswere sequencedand eachwas analyzedby BLAST
programs.Thesecloneswill be subjectedo differential screeningoy a dot blot cDNA array.The in vivo
functions of the genes remain further investigation.

§8

INVESTIGATING THE MECHANISM OF CHEMOACCUMULATION IN ASTREPHOMENE
GUBERNACULIFERA.

Rachael BRowswell, Amy L. Gastle and Harold J. Hoops. Department of Biology, S\&¢¥ieseo, 1
College Circle, Geneseo, NY, 14454,

A. gubernaculifera is a colonial greenalga of the classVolvocales. Although thereare no cytosolic
connectionsbetweenthe cells of the colony, it swimsasa unit, and canaccumulaten responsdo light
and/orchemicals. Thus, this systemis one of the simplestpossibleexamplesof organismalbehavior.
Our lab hasshownthat A. gubernaculifera chemoaccumulate® acetateor propionate. The goal of our
studyis to gaininsightinto the mechanismby which the coloniesaccumulate. Severalpossiblemodels
requirethe algato changespeedor rate of turning in responsdo increasedacetate. We useda video
microscopeattachedto a VCR to recordthe movementsof alga coloniesfrom 15 to 30 secondsafter
placingcells from anacetatdree solutioninto a homogenousolutionof 10 mM acetatgexperimentalpr
acetate-freessolution (control). The coordinateof all coloniesin the field wererecordedandanalyzedo
determinethe averagetranslationaland rotational velocities of eachcolony for that time period. We
conductedour trials of algaeexposedo acetateandfour controltrials. The averagdinearvelocity of the
acetate-exposedolonies(average=48.4 um/s, standarddeviation=47.2 um/s, n=170) and thosenot
exposedo acetate(average=43.9 um/s, standarddeviation=43.9 um/s, n=147) were not significantly
differentusingthe StudentOs-test. The rotationalvelocity of the coloniesexposedo acetatgaverage=
114.58 degrees/sstandarddeviation=30.22degrees/sn=170) and those without acetate(average=
112.76 degrees/sstandarddeviation=28.187degrees/sn=147) were also not significantly different
accordingto a StudentO8§-test. It is possiblethat the behavioralchangesvere over by the time we were
ableto initiate tracking. We are presentlyquantifying swimmingbehaviorof coloniesasthey enterinto
or exit from areas with added acetate.

§8

MITOCHONDRIAL GENOME DIVERSITY IN EUGLENOZOA

JoannieRoy andGertraud Burger. UniversitZ de MontrZal, Centre RaBedergren for Bioinformatics
and Genomics, Department of Biochemistry, 2900 Boulevard-Edouard Montpetit, Montreal QC, H3T 1J4
Canada.

Euglenozoacomposedof Kinetoplastida,Euglenidaand Diplonemida,are a highly diversegroup of
flagellated protists, many of which have been studiedin great detail morphologically. While the
monophyly of Euglenozoais now well supported,the phylogeneticrelationshipamong the three
Euglenozoangroupsis still controversial. Kinetoplastidahave beenparticularly well investigated
regardingtheir mitochondrialgenome(kinetoplast),the structureof which consistsof a concatenated
network of maxi- and mini-circles, and the genesit encodesundergopost-transcriptionaimodification

33



(RNA-editing). Therearesporadicevidenceghat Diplonemidaand Euglenida both poorly investigatecht
the molecular level, might share similar characteristics For instance, ultrastructureanalysis of
Petalomonas cantuscygni, aEuglenidaconsideredo be one of the earliestbranchingtaxonin this group
suggestkinetoplast-likestructures. Moreover,we showedrecentlythatthe mitochondrialgenomeof the
DiplonemidaDiplonema papillatum, is composedf multiple small circularchromosomes Our aim is to
survey in a taxonomically broad fashion mitochondrial genome architectureand expressionin
diplonemidsand euglenids.By doing so, we hope to obtain a better appreciationnot only of the
mitochondrialgenomediversity but also of the phylogeneticrelationshipswithin thesegroups. We will

presentpreliminary dataof (i) the complexity of mitochondrialDNA of Rhynchopus spl.,and(ii) on
newly developedpurification and culturing strategiesof the EuglenidaPetalomonas cantuscygni and
Peranema trichophorum.

§8

AN IMPROVED METHOD FOR DETERMINING PHYCOBILIN PIGMENT CONTENT FROM
CRUDE AQUEOUS EXTRACTS OF PORPHYRA(BANGIALES, RHODOPHYTA).

PriyaSampath-Wiley and Christopher D. Neefu®epartment of Plant Biology, University of New
Hampshire, Durham, NH 03824.

Thereis a needin aquaculturegcologicalandphysiologicalstudiesfor a fast, easyandreliable methodof
guantifying phycobilin pigment contentin red seaweeds. Severalprotocolshave beenpublishedfor
determiningphycoerythrin(R-PE) and phycocyanin(R-PC) contentfrom crude agueousextracts.One
frequentlycited methodutilizes peaksandtroughsof absorbancepectra.Troughsabsorbancealuesare
usedto establisha linear or logarithmicbaselineattributableto backgroundscatterof particulatecellular
debrisnot removedby centrifugation. Pigmentcontentsare calculatedby subtractingcorresponding
baselinevaluesfrom R-PE and R-PC absorbance@eaks.The baselinecorrectionis intendedto makethe
methodindependenof centrifugationtime and/orspeedHowever,whencrudeextractsof Porphyra were
analyzedusingthis method,R-PE and R-PC estimateswere significantly affectedby centrifugationtime,
suggestinghatthe methodmay not be reliablefor the genus We havere-examinedhis andotherexisting
methods and have developed an improved protocol for determining phycobilin contesgigfa.

We foundthatwith sufficient centrifugation backgroundscatterin Porphyra extractscanbe removedihe
remainingspectrumreflectsthe overlappingabsorbancgeaksof water soluble pigmentsin the extract.
Using fourth derivativeanalysisof extractsfrom Porphyra sampleswe identified peakscorrespondingo
Chl ¢, R-PE,R-PC,andallophycocyaninAPC). Dilute solutionsof purified R-PE,R-PCandChl a were
scannedseparatelyto determinespectraloverlap.From thesescansand publishedextinction coefficients,
equationsweredevelopedo calculateR-PE and R-PC concentratiorin mixturesof thesesolutionsfrom
absorbancemeasurementsThe equationswere then usedto estimateR-PE and R-PC contentin
centrifugedPorphyra extracts.Purified R-PE,R-PCandChl a solutionswere mixed with concentrations
correspondingo the sampleestimates Absorbanceand fourth derivative spectraof the sampleextract
and purified pigmentmixture were comparedandfoundto closelycoincide.The newly derivedequations
were found to be more reliable fBorphyra than equations in previously published methods.
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THE PLASTID GENOME OF THE HAPTOPHYTE EMILIANIA HUXLEYIl: AN
EVOLUTIONARY STUDY.

M. V. Sanchez-Puerta, T. R. Bachvarof & C.F Delwiche. University of Maryland - College Park,
College Park MD 20742-5815, USA

Haptophytesare unicellular, photosyntheticflagellate eukaryoteswhich play a key role in the global
carboncycle. Haptophytestogetherwith cryptophytes,heterokontsand dinoflagellatesare the only

lineagesthat containsecondaryplastidswith chlorophyll c asa main photosynthetigpigment. Thesefour

lineageshave at times been groupedtogetheron the basis of their pigmentation.However, the
phylogenetiaelationshipswithin thesealgaearesstill unknown.The haptophytesrethe last major group
of algaewhose plastid genomehas remainedlargely uncharacterizedHere, we report the complete
sequencef the chloroplastgenomeof the haptophyteEmiliania huxleyi (Lohmann)Hay et Mohler 1967
(CCMP#373).This speciesbelongsto the coccolithophoridsthe main groupin the Haptophyta,andis

likely to be the mostglobally abundanthaptophyte The genomeis circular and consistsof 105,309bp

with two invertedrepeatsof 4,841 bp each.In termsof both genomesize and genecontentE. huxleyi

cpDNA is substantiallysmallerthan any otherfrom the red plastid lineage.The geneticinformationis

denselypacked,with 86.8% of the genomespecifying 110 identified protein-codinggenes,9 open
readingframes, 28 different tRNAs, and 3 rRNAs. The sequenceof the E. huxleyi plastid genome
representan importantsourceof informationthat may help to elucidatethe origin of the plastidsin the
chlorophyll ¢ containingalgae,andthe numberof endosymbiotieventsthattook placein their evolution.
Comparisonsvith the plastidgenomef diversephotosyntheti@ukaryotesregardinggenecontent,gene
clusters,genefunction were made.Thesedatasuggesthat the plastidsof the chlorophyll ¢ containing
algaearerathercloselyrelatedto eachother. This is consistenwith a singleorigin of theseplastidsfrom

the red algae. In addition, we performedphylogeneticanalysesbasedon concatenatedlatasetsto

understand the plastid relationships among the chloroplegihtaining algae.

§8

LIGHT AND NUTRIENT INFLUENCE ON PHYTOPLANKTON GROWTH IN HUMIC
LAKES.

Craig D.Sandgren and Lisa S. Belli, Department of Biological Science, University of Wisconsin-
Milwaukee, Milwaukee, Wisconsin, 53201,USA.

The interactionof light and nutrientsin regulatingsummerphytoplanktongrowth was testedin seven
pristine,smallanddarkly-stainedorestlakes. Theselakesareunusuallyin havingexperiencedlmostno
sport fishing in the past 70 years.The phytoplanktonflora was extremelyrich (369 taxa) and was
dominatedby chrysophyteflagellates(87 taxa)andcoccoidgreenalgae(148taxa). In situ incubationsof

two-way factorial design-light (manipulatedoy incubationdepth) X nutrients(naturalvs enrichmentwith

N, P) Bsurprisinglyindicatedthat nutrientadditionsalonesignificantly increasedhlgal growth ratesin all

twenty four experiments. Significant growth rate changesin responseto light manipulationsonly
occurredin the two mostdarkly-stainedakes,or in combinationwith nutrientenrichment. This pattern
appearedelatedto the backgroundavailable phosphorusoncentrationsn the lakes. Stoichiometric
analysesf planktonparticulatemattersuggestedhat phosphorusvasthe likely limiting nutrientat the
time of eachexperimentin eachlake. Expressiorof experimentabhytoplanktongrowth rates(140 data
points)asfunctionsof estimatedcellular phosphorougjuotaandof integratecdtotal light input during the
incubation(PAR from solar radiometer,correctedfor water column extinction) resultedin saturating
functional relationshipswith positive X intercepts,as expectedfrom Internal StoresModel kinetics.
Combinationof theserelationshipsgeneratedh three-dimensionaiodelthat closely describedight and
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phosphorusrequirementsfor positive growth and for maintaining maximum growth rates of
phytoplankton in these seven brown-colored lakes.

§8

ISLAND BIOGEOGRAPHY AT A MICROSCALE: SPECIES-AREA RELATIONSHIPS OF
DIATOM COMMUNITIES IN PENNS CREEK, SNYDER CO, PA.

Jill C. Sands®, Christopher M. Resc¢hJack R. Hoft and Jeffrey A. Graham
1. Biology Department, Susquehanna University. 2. Mathematics Department, Susquehanna University.

Our investigationis a continuationof a two yearstudyto testa speciesarearelationshipbetweendiatom
periphytonand substratesurfaceareain PennsCreek, SnyderCounty, Pennsylvania. Pastdataon that
areaof PennsCreekshoweda strongrelationshipbetweersurfaceareaof the stones(log areain cn¥) and
the log of the numberof diatomspeciepresentR? = 0.92). This year,we deployed50 ceramictiles in

five differentsize categorieg16 cnv, 49 cnv, 100 cn¥, 225 cn?, and 225 cnt) in PennsCreekthrough
the monthsof Juneand July at two different time intervals: six weeksand three weeks,respectively.
Ceramictiles were chosento eliminatevariation dueto substratecompositionand surfacetopography.
During the six-weekinterval, we removedhalf of the tiles from the creekat threeweeks. The diatoms
harvestedrom thesetiles werescrapedandthe frustuleswere acid-cleanednd preparedor examination
underthe light andscanningelectronmicroscopes.The species-aregegressiorines (R? = 0.8990.97 )

all hadsimilar slopes. In addition, the speciesnumbersrangedfrom 7-17 on the 16cnf tiles up to 27-32
on the 225cnf tiles. All tiles included Cocconeis placentula, Diatoma vulgaris, andNavicula lanceolata

astheir dominanttaxa. Our resultstogethermwith previousresearctconfirm thattiles, like rocks,canbe

treatedas islands,and that speciesdiversity increaseon larger Oislands@s suggestedy the theory of

Island Biogeography.

§8

PROTOCOLS FOR CRYOPRESERVING MARINE PHYTOPLANKTON.

Julianne PSexton' and Robert A. Andersén
'Provasoli-Guillard National Center for Culture of Marine Phytoplankton, Bigelow Laboratory for Ocean
Sciences, West Boothbay Harbor, ME 04575 USA

Cryopreservatioris the freezingand storageof living cells at very low temperatureglessthan -135; C),
andit offers severaladvantages.Cryopreservedtrainsreduceor removeserialtransferringof actively
growing strains,savingsubstantiawork (e.g.,culture medium preparationwashingand sterilization of
glassware perpetualsubculturingof strains). Cryopreservatioralso reducesor eliminatespotential
contaminationpossiblemislabelingof strainsandothererrorsthat derivefrom repeatechumanhandling.
The "evolution" of strainsduring serial transferis eliminatedwhen strainsare maintainedat very low
temperatures Many strainsof marinephytoplanktonare easily cryopreservedisingroutinemethod,e.g.,
using culturesin log growth phaseand a cooling rate of -1j C per minutein the presenceof dimethyl
sulfoxide (DMSO). DMSO (5-12%)is especiallyeffective for chromalveolatesvhereas5% methanol
works for many greenalgae.In general,specieswith small cells cryopreservemore successfullythan
specieswith largecells.Long term storageof cells mustbe below-135j C, preferablylower than-160; C,
in orderto maintainan unchangingviability of the frozencells. Typically, the cells are thawedvery
quickly in a water bath (35-40j C), the cryoprotectanis removed,and cells are innoculatedinto fresh
culturemedium. The CCMP hassuccessfullycryopreserveaver 1000strainsof algaeandthesewill be
summarized along with specific freezing protocols.
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THE SILICA SECCHI DISK: AN INTERACTIVE PHYCOLOGICAL AND LIMNOLOGICAL
TOOL.

Hannah AShayler, Anne M. Lott and Peter A. Siver. Department of Botany, Connecticut College, New
London, Connecticut, 06320, USA.

The FreshwaterEcology Laboratoryat ConnecticutCollege has developedan extensiveinteractive
website, http://silicasecchidisk.conncoll.eduhat providesresearchtools for diatomsand scaled
chrysophytesan extensivelimnological databaseand educationahids for the study of freshwateralgae.
The latestadditionto the Silica SecchiDisk siteis anidentificationkey to freshwateralgal generacreated
with Lucid Professionabkoftware.The Key to FreshwaterAlgae allows usersto quickly and efficiently

narrow down a list of taxato only thosethat matchthe characteristicthey have chosen.This non-
hierarchical,user-friendlykey is linked to web pagescontaininga wealthof resourcesincluding images,
movies,a glossary,andinformationaboutthe morphology,ecology,andreproductionof eachorganism.
Our key andits supplementainaterialsprovide aninnovativealternativeto traditionaldichotomouskeys
thatis particularly appropriatefor introducingstudentso commonalgal genera.Visitors to the site may
alsosearcha full databas@f organismalandlake ecologicaldatafrom our researchn lakesandpondsin

northernNew England(Maine, Vermont, New Hampshire),the Adirondacks(New York), CapeCod
(Massachusetts)Connecticut,North Carolina, and Florida. Thoseinterestedin diatomsand scaled
chrysophytescommonto North America may accessan image library of light and scanningelectron
micrographsand searchthe databasdor ecologicalinformation, biogeographiaecords,and taxonomic
data.A complementarsectionhighlightsimagesand referencegor new chrysophyteand diatom taxa
resultingfrom our researchefforts. Interactivetaxonomickeys are also availablefor somechrysophyte
taxa. The Silica SecchiDisk site allows visitors to accessa variety of phycologicaland limnological
information generatedy the FreshwatefEcology Laboratoryaswell asunique,interactiveeducational
tools.

§8

HOW OLD ARE SCALED CHRYSOPHYTES? FOSSILS FROM THE GIRAFFE PIPE
DEPOSIT, NORTHWEST TERRITORIES, CANADA.

Peter ASiver® and Alexander P. WolfelDepartment of Botany, Connecticut College, New London,
Connecticut, 06320, US,&Department of Earth and Atmospheric Sciences, University of Alberta,
Edmonton, Alberta, T6G 2E3, Canada.

Fossilsbelievedto be chrysophytestomatocystdirst appearin the geologicrecordduring the Cretaceous,
close to the time period when flowering plants evolve and begin to radiate. At this sametime
silicoflagellatesand marinediatomsappearin the fossil recordandthereis a peakin the abundancef
coccolithophorids. Despitethe appearancef stomatocystsloseto 120 million yearsago, to our
knowledgethereare no recordsof siliceousscalesrepresentingitherchrysophyte®r synurophytegrom
the Cretaceousnor from the subsequen€enozoicEra. We found abundantemainsof scalesandbristles
in two stratafrom the Giraffe Pipe depositin NorthwestTerritories,Canadahatare ca. 48 million years
old. The Giraffe Pipeis a kimberlite depositthat containeda small,deep,closed-basitake thatovertime
filled andbecamea terrestrialsite. The sedimentarystratawere found between50 and 163 metersin a
drill core. The scalesare well preservedand representtaxa from the generaMallomonas, Synura,
Chrysospharella andSpiniferomonas andincludeat leastten differentspecies. Someof thetaxahavenot
beenreportedin modern-daystudiesand presumablyrepresennew and probablyextinct species. Others
are astonishinglysimilar to extantspeciesanddiffer only slightly from their moderncounterparts.Both
simple aswell as complexscaledesignsare represented.Basedon our findings, the uniquesiliceous
ornamentatiorof the scaledchrysophytesincluding scales spines,andbristles,wasfully evolvedby the
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middle Eocene. Theseobservationsmply thatthe scaledchrysophytesxperiencegrolongedintervals
of relativeevolutionarystasisduring Neogeneand Quaternarytimes,andthusprovidea new evolutionary
milepost for this algal group.

§8

A PRELIMINARY INVESTIGATION OF THE BATRACHOSPERMUM
PSEUDOGELATINOSUMN B. CAMPYLOCLONUM COMPLEX (BATRACHOSPERMALES,
RHODOPHYTA) FROM AUSTRALIA AND NEW ZEALAND.

Sarah AStewart', Morgan L. Vis and Timothy J. Entwisfe
lDepartment of Environmental and Plant Biology, Ohio University, Athens, OH 45701, USA
2Royal Botanic Gardens and Domain Trust, Mrs Macquaries Road, Sydney, NSW 2000, Australia

Batrachospermum pseudogelatinosum andB. campyloclonum from Australia and New Zealandare

broadly circumscribedspeciespeing morphologicallydiverse,and are difficult to distinguishfrom each
other.Specimen®f thesespeciesverecollectedfrom locationsin the provincesof New SouthWalesand

Victoria, Australia,andin New Zealandincluding Stewartlsland.DNA sequencelatafrom a 1282base-
pair portion of the rbcL geneandthe cox2-3 spacerregion (~350 bp) were usedto examinethe

phylogenetiaelationshipsamongthesespecimensandothercloselyrelatedtaxa. Preliminaryresultsfrom

therbcL genesequencaatashowtwo cladesof specimensdentified asB. pseudogelatinosum, with the

well-definedspeciesB. kraftii, assisterto one of theseclades.Maximum parsimonyanalysisof the cox2-

3 spacerregion datashow a similar topology to the rbcL tree;threeB. pseudogelatinosum specimens
formeda well-supporteccladein both analysesTwo specimengrom the North and Southlslandsof New

Zealand were initially identified as B. campyloclonum formed another well-supported clade.

Biogeographic trends from thex2-3 spacer analysis will be discussed.

§8

EFFECTS OF SIMULATED GLOBAL CHANGE ON ALGAE AND ASSOCIATED FOOD-
WEBS.

A. K. Swanson®, C. H. Fox, S. Hrindd and J. Keipér
'Case Western Reserve Universf@leveland Museum of Natural History

On-goingenvironmentathangegnay be disruptingplant biochemicalpathwaysand, throughsubsequent
changedo nutritional quality (phenylpropanoids)associatedood-webs/nutrientycling. Whetheralgal
speciespr reliant consumer/detritivoreommunities are similarly respondingo long-term, multi-factor
changeremainsunclear.Studies(daysto months)exploring algal (Chlorophyta,Phaeophytajesponses
(growth, biochemistry)to meso-and microcosmscaleenvironmentaimanipulationg CO,; UVR), aswell
as disruption to reliant freshwater(microcaddisfly) and marine (Tegula funebralis) herbivoresand
detrivoreswill be presentedResultsindicate variable growth and nutritional quality responseamong
testedalgal speciespotentialimpairmentof intertidal detritivoresand subsequenhutrient cycling, but
minimal disruption (feeding; development) to tested algivores.
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THE GENETIC AFFINITIES OF FUCUS COTTONII WYNNE ET MAGNE FROM ROSMUC,
IRELAND.

Aaron L.Wallace®, Anita S. Kleirf and A.C. Mathiesoh

12Department of Biochemistry and Molecular Biology, University of New Hampshire, Durham, NH,
03824

®Department of Plant Biology and Jackson Estuarine Laboratory, University of New Hampshire, Durham,
NH, 03824

The taxonomicstatusof the limicolous fucoid taxon Fucus cottonii Wynne et Magnehasbeenthe subject
of muchcontroversyTo provideinsightinto the origins of this unusualtaxon,sampleof four Fucus taxa
from a salt marshat Rosmuc,Irelandwere collectedand genotypedat four microsatellite-containindpci.
The taxa included F. cottonii, F. vesiculosus, F. spiralis, and a morphotypeof F. vesiculosus. The
observedcheterozygosityof F. cottonii at Rosmucwas muchlower thanthat observedor muscoides-like
populationswithin the northwestAtlantic. In addition, factorial correspondencanalysisshowedthat F.
cottonii displayedthe greatesgeneticsimilarity to F. vesiculosus andwasnot strongly affiliated with F.
spiralis. By contraststudieswithin the Gulf of Maine suggesthat muscoides-likdorms are often derived
from hybridizationbetweenF. vesiculosus andF. spiralis; F. cottonii from Rosmudis likely derivedfrom
F. vesiculosus and not of hybrid origin. Even so, geneticdifferencesbetweenF. cottonii andF.
vesiculosus appearo be presentandthe designatiorof the formertaxonasan ecadof the latter may be
inappropriate. A morphotypeof F. vesiculosus previously examinedby Dr. Robert Wilkes was not
geneticallydifferentiatedfrom individuals of F. vesiculosus displayingtypical morphologiesat the four
loci examined.

§8

BIODIVERSITY OF BENTHIC ALGAL COMMUNITIES IN STREAMS AND THEIR
PREDICTED ECOSYSTEM SERVICES.

John D.Wehr, Monica Torres, andlissa A. Perrone. Louis Calder Center D Biological Station,
Fordham University, Armonk, NY 10504.

An emergingideain ecosystentheory is that communitieswith greaterspeciesdiversity or species
richnesssustaina higher level of ecosystenservices. The addition of more speciesis predictedto
increasethe numberand breadthof ecologicalnichesto a community,which in turn providesgreater
functionalroles. Becausealgaeplay importantanddiverserolesin the functioningof aquaticecosystems,
we proposethat algal biodiversity should be examinedfrom this samepoint of view. For example,
OCommunityAO containingspeciesof heterocystougsyanobacteriasuchas Rivularia or Calothrix, may
buffer inorganic nitrogen dynamicsin a stream,while OCommunityBO lacking specieswith these
physiologicaltraits may exhibit lessstableN cycling patterns. A network of many algal speciesshould
thereforeoffer greaternutritional diversity for consumersandthus greaterfood web stability. We have
begunintensivesurveyof the biodiversity of benthicandtransportedalgaein streamsacrossNew York
State. A key objectiveis to assesshe link betweenalgal speciesrichnessand a suite of propertieswe
defineasecosystenservicesprovidedby algal assemblagesThis paperpresentshe experimentatesign
and conceptuabasisfor our survey. We will addresshiodiversity from five perspectives(l, 2) genus
and speciesrichness,(3, 4) genusand speciesdiversity, and (5) chlorophyll + carotenoidpigment
diversity. Fromthe sampledassemblagewe will measuresix attributesthat we suggesbffer ecosystem
servicesjn the form of biomassmeasureds(1) carbon,(2) chlorophyll«, and(3) ash-freebiomassplus
the nutritional / physiologicalpropertiesof (4) C:N:P stoichiometry,(5) phosphomonoesteras@zyme
activity, and(6) concentrationsf fatty acids. Our preliminarydataindicatesthat speciegichnessaswell
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asspecieddentity affectthe ecologicalstoichiometry(C:N:P ratios) andfatty acid compositionof benthic
algal communities, and that these properties should have important ecosystems consequences.

§8

LOCALIZATION OF ENDOSYMBIOTIC BACTERIA IN CAULERPA CUPRESSOIDESWITH
EMPHASIS ON ALPHA-PROTEOBACTERIA AND RHODOBACTER.

Katie L. Williams', Wayne R. Fagerbefgloanne Coulbufrand Louis S. Tisa
'Department of Biology, University of New Hampshire, Durham, NH 03824.
’Department of Plant Biology, University of New Hampshire, Durham, NH, 03824.
*Department of Microbiology, University of New Hampshire, Durham, NH, 03824.

The presenceof endosymbiotichacteriain Caulerpa cupressoides hasbeendescribedn the scientific

literature. Previouswork in our lab hasidentified Alpha-proteobacteriand Rhodobacteas part of this

community. However, the relative abundanceand localization of theseendosymbiontdhasyet to be

described. This study utilized fluorescentstainingtechniqueso detectbacteriawithin fixed crossand
whole mount sectionsof the apical tips, stipes,blades,and rhizoids from C. cupressoides. A general
estimationof the bacterialpopulationwas madeusing DAPI (4(6-diamidino-2phenylindoledtainwhich

labelsDNA. Two morespecificprobes,onefor Eubacteriaandthe otherspecificfor Rhodobacterwere
hybridized to the bacterialsymbiontswithin C. cupressoides usingfluorescentin situ hybridization
(FISH). An epifluorescenmicroscopecapableof taking serial digital pictureswith Z stackingand 3D

reconstructiorwasusedto visualizethe endosymbiotidbacteria. Early resultssuggesthatthe Eubacteria
and Rhodobacterepresenta relatively small part of the bacterial population. Basedon electron
micrographst appearghatthe majority of the bacteriaresidein the vacuole. Many bacteriaappearto be

grouped near the cell wall trabeculae that extend throughout the cytoplasm.

§8

AN HISTORICAL ACCOUNT OF THE DEPICTION OF MARINE ALGAE: A PREVIEW.

M. J.Wynne. Departmenof EcologyandEvolutionaryBiology andHerbarium,University of Michigan,
Ann Arbor, Ml 48109 USA

This project, culminating in a book manuscriptentitled OPortraitsof marine algae: an historical
perspective, @asundertakerto pay homageto the early workerswho studiedmarinealgaeand depicted
them with greatattentionto detail. The scopeof this study coversfrom the 1760sto around 1900,
selectingauthorswho include seaweedsn their treatmentsThe projectincludes58 authors,64 works
(books or journal articles), and 86 plates and highlights authorswho included seaweedsn their
treatments. During this period covered,manyvoyagesof explorationwere bringing back collectionsof

plants(including algae)andanimalsto the museumsanduniversitiesof Europe,wherethey were studied
anddescribedBy default,it is mostly a OEuro-centricéxercise Most of the authors(e.g., W. Hudson,J.

V. Lamouroux,R. K. Greville, J. G. Agardh,W. H. Harvey,andG. Zanardini)arereasonablyvell known
to the phycologicalcommunity, but others(e.g., Velley, Bertolini, Delle Chiaje, and Corda) are less
familiar. An effort was madeto give a balancedrepresentatiomf the threeclassesof macro-algaethe
Chlorophyceaethe Phaeophyceaandthe Rhodophycea€rl he layout of the presentatiorwasto compile
examplesof the depictionof marinealgae,to say somethingaboutthe author,or authors,andto put their
life andcontributionsin the contextof their time. Thefollowing six early workerswill be usedto preview
this project: S. G. Gmelin, F. X. Wulfen, C. A. Agardh,C. F. P. von Martius, C. Montagne,and J. D.

Hooker.
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§8

PHYLOGENETIC RELATIONSHIPS AMONG GLUTAMATE SYNTHASE ENZYMES.

EvaZadykowicz and Deborah L. Robertson. Department of Biology, Clark University, Worcester, MA
01610, USA.

Nitrogenis incorporatedinto amino acidsthroughthe sequentialreactionof two enzymes:glutamine
synthetasdGS) and glutamatesynthase(GOGAT). Although GS and GOGAT play a centralrole in
regulationof nitrogenassimilationin photosyntheticeukaryotesour knowledgeof the evolution and
regulationof theseenzymesin non-greemalgaeis limited. GOGAT isoenzymesatalyzethe transferof
the amido nitrogen of glutamine to 2-oxoglutarateusing pyridine nucleotides(NADH-/NADPH-
dependentpr ferredoxin(Fd-dependentasreductantsFd-GOGAT s found strictly in cyanobacteriand
photosyntheticeukaryotesThe geneis locatedin the chloroplastof rhodophytesandin the nucleusof
vascularplants,but in both casests productis activein the chloroplast NADH-GOGAT is foundin the
nucleusof vascularplants,fungi, and diatoms,while NADPH-GOGAT is found in non-photosynthetic
bacteriaandarchaealn orderto investigatethe molecularevolutionof GOGAT isoenzymeswe retrieved
Fd- and NAD(P)H-GOGAT amino acid sequence$rom GenBankand the Thalassiosira pseudonana
genomeproject. The N-terminusof the 7. pseudonana Fd-GOGAT sequencés serine-andthreonine-rich,
indicativeof a transitpeptidetargetingthe geneproductto the chloroplast.in equally-weightednaximum
parsimonyanalysis,Fd-GOGAT sequence®f vascularplants, chlorophytesrhodophytesand diatoms
were found to stemfrom the cyanobacteriatlade,with rhodophytesforming a sistergroupto vascular
plants,while Prochlorococcus marinus andT. pseudonana werelocatedmore basallyand appearedis
sistertaxa. NADH-GOGAT enzymesfrom fungi, vascularplants,and 7. pseudonana formedanother
noteworthygroupwith fungi andvascularplantsconstitutingsisterclades,andwith the enzymedrom T.
pseudonana andthe oomycetePhytophora (eachotherOsistertaxa) appearingto have divergedearly.
Our resultsare consistentwith the hypothesisthat the Fd-GOGAT genein the diatom was transferred
from the chloroplastgenomeof the endosymbionto the nucleargenomeof the hostcell not long afterthe
engulfmentof the photosyntheticeukaryoteby a non-photosynthetieukaryote In contrast,the NADH-
GOGAT geneof diatomsmay have beenpresentin the host cell genomealthoughsequencedrom
rhodophytesarelacking. Furtheranalysisof GOGAT evolutionshouldprovideinsightinto the history of
endosymbiotic gene transfer events.

§8

A SURVEY OF THE DIATOM COMMUNITY IN A SMALL WOODLAND STREAM FROM
SOUTHEASTERN OHIO.

Jason TZalack®, Robert G. Verh Dale A. Casamattand Morgan L. Vis

!Department of Environmental and Plant Biology, Ohio University, Athens, OH 45701
2Department of Biological Science, Ohio Northern University, Ada, Ohio 45810
®Department of Biology, University of North Florida, Jacksonville, FL 32224

The majority of streamsegmentsn southeaster®hio havebeenimpactedby acid mine drainageandit is
difficult to assessthe natural periphyton assemblages. This study provides baselinedata for an
unimpactedstreamwith anintactripariancorridor. The diatomcommunitywas sampledfrom erosional
(riffles) and depositional(pools) habitatson a monthly basis. In addition, selectwater chemistryand
streamphysicalattributeswere measured.Therewasa total of 95 infragenerictaxaidentified throughout
the study. The sampledrom the depositionahabitat,which tendto integratethe communityover a long
period and reflect upstreamconditions,yielded a total of 85 speciesand the erosional,which reflect
currentstreamconditions,showed56 speciesHowever,a largenumber,46 taxa,werein commonto the
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two habitattypes. A third of the taxawererare,having<5 valvesrecordedthroughoutthe study. There
were four taxathat appearedo be dominantin termsof numberof valvesin a sampleand presenteach
sampling date. Those taxa are as follows: Achnanthidium minutissimum, Synedra ulna, Cymbella

delicatula and Encyonema minutum. Therewasno significantdifferencein speciediversity betweenthe
erosionalanddepositionahabitats.In addition,PCOordinationdid not showany seasonapatterns. This
streamappeargo be very stablein mostwaterchemistryvariablesand diatom communitycompaosition.
Speciediversity and occurrenceof individual taxain this study and other researchof unimpactedand
impacted streams will be discussed.

§8

MITOCHONDRIAL CYTOCHROME B mRNA EDITING IN DINOFLAGELLATES:
ASSOCIATION WITH EVOLUTION AND/OR RED-TIDE FORMATION?

Huan Zhang andSenjieLin. Departmentof Marine SciencesUniversity of Connecticut,Groton,CT
06340

MmRNA editing in dinoflagellatemitochondrialgeneshas beendiscoveredrecently. To gain further
understandingn ecologicaland evolutionaryassociation®f this intriguing phenomenonwe analyzed
cytochromeb (cob) mMRNA editing for six speciegepresentinglistinct ecotypesandtaxonomicclasseof

dinophyceaeWe mappedthe characteristicof cob editing to phylogeneticand ecologicalidentities.
Editedsitesin all the six speciesaggregaten four clustersand occur predominantlyat first and second
positionsof codons(93%), overwhelminglyinvolving A—G, U—C or C—U substitutionswith smaller
numberof G—=C, G—A. However,someother characteristicof editing vary betweendifferent taxa.
Editing density(percentageof nt that are affectedby editing) increaseq2.15-4.08%)from early to

derivedlineagesHigher editing densitiesalsomapto red-tideforming lineages Furthermorecomparison
of locationof editedcodonsandthe type of nt changesn differentlineagesyieldedidentity matricesthat
mirror the taxonomicaffinity of the speciesCladasticanalyseshasedon the resultantdistancematrices
produceda cladogramthat resembleghe cob sequence-baseqthylogenetictree. The resultsbolsterour

earlierhypothesighat cob editingis widespreadn dinoflagellatesand suggesthat density,location,and
type of editing-derivednt changeanay bearyet-to-defineevolutionaryand/orecologicalsignificance.
Whetherthe associationof high editing densitieswith red-tide speciesis a coincidencecausedby

association with the derived phylogenetic state of the species warrants rigorous examination.
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