COSEE-West Resources

Tiny but toxic! Harmful algal blooms: science, technology and you! Online Workshop - Mar 21 - Apr 8, 2011

General Harmful Algal Bloom Resources
Week 1

Compiled by Pat Harcourt
Introductory materials for teaching about Harmful Algal Blooms
Link to Dr. Dave Caron's lab; this site introduces the projects, people, and some of the species of interest
http://college.usc.edu/labs/caron/home/
NOAA introduction to phytoplankton and harmful algae
http://www.nwfsc.noaa.gov/hab/habs_toxins/phytoplankton/
Woods Hole Oceanographic Institute Harmful Algae Page
http://www.whoi.edu/redtide/
West Coast HAB species
http://www.nwfsc.noaa.gov/hab/habs_toxins/hab_species/index.html
Health Impacts: Center for disease control and prevention
http://www.cdc.gov/hab/
Lesson plans related to Harmful Algal Blooms
Specifically HABs and phytoplankton

Investigating The Ocean- Algae Blooms – scenario using satellite images
http://www.science-house.org/nesdis/algae/teacher.html
Help, It’s an HAB! Education Resources
http://www.bigelow.org/edhab/help_hab.html
Bad Algae!
http://oceanservice.noaa.gov/education/lessons/bad_algae.html
http://oceanservice.noaa.gov/education/classroom/lessons/07_algal_algae.pdf
In Full Bloom
http://www.vims.edu/bridge/archive0402.html
Bigelow Lab: Toxic and Harmful Algal Blooms, Educational Activities
http://www.bigelow.org/edhab/
http://www.bigelow.org/hab/
Using Maps to Make Public Health Decisions, Case Study: Harmful Algal Blooms in the Gulf of Mexico
http://yyy.rsmas.miami.edu/groups/niehs/ambient/teacher/food/MODULE%20SEGMENTS/Q%20RedtideGIS2.pdf
Misconceptions about Harmful Algal Blooms
adapted from:
http://wwwcatsic.ucsc.edu/~kudela/OS101/LectureNotes_07/OS101_030207/HABs.pdf
HABs vs. Red Tides
HABs = harmful algal blooms

"HABs" is a broad term that refers to the rapid reproduction (resulting in an increase in the population) of a species of algae that can have detrimental effects on ecosystems and the economy.

Species responsible for HABs can be macroscopic algae or microscopic phytoplankton (and some people include harmful cyanobacteria blooms when they use the term "HABs") and can be freshwater or marine. The HABs species are part of their ecosystem already; it is when they are prevalent in such high concentrations that they are harmful.

Detrimental effects include:

- toxic effects on humans and other organisms (releasing biotoxins, causing anoxic conditions)

- physical impairment or death of fish and/or shellfish

- nuisance conditions, such as odors and/or discoloration, affect recreation and tourism

- overwhelming effects on ecosystems

Red Tides

Red tide refers to a bloom (rapid reproduction and increase in population) of single-celled microscopic organisms that reach such high densities that the water appears to turn the color of the organism that is blooming. The most common organisms responsible for red tides are dinoflagellates.

Red tide is a misleading term.

- Not all red tides are red; they can be green, brown, orange, red...

- Red tides have nothing to do with the tides; although, they do only occur near the coast.

So...

- Only some species of algae are responsible for HABs or red tides.

- Some red tides are HABs, but not all.

- Most red tides are not harmful.

- Some HABs are not visible.

Harmful Algal Bloom (HABs) Impacts
Economic Impact of HABs

www.cop.noaa.gov/stressors/extremeevents/hab/current/HAB_Econ.aspx

Center for Disease Control: Health Studies: Pfiesteria piscicida
http://www.cdc.gov/hab/pfiesteria/about.htm
Center for disease control and prevention
http://www.cdc.gov/hab/
Center for Sponsored Coastal Ocean Research
http://www.cop.noaa.gov/
Intergovernmental Oceanographic Commission (IOC)
http://ioc.unesco.org/iocweb/news/items98/item019.htm
Northwest Fisheries Science Center: Marine Biotoxins and Harmful Algal Blooms

http://www.nwfsc.noaa.gov/hab/
Other good sites for lesson plans, activities etc.
NOAA National Ocean Service, Lesson Plan Library
http://oceanservice.noaa.gov/education/lessons/welcome.html
Ocean Explorer: Ocean Challenge Puzzle
http://www8.nos.noaa.gov/oequizx/welcome.html
BRIDGE: an ocean of teacher-approved marine education resources
http://web.vims.edu/bridge/
Resources on HAB Toxicity and Health
National Council for Science and the Environment: Congressional Research Service (CRS) Report for Congress: Pfiesteria and Related Harmful Blooms:
http://cnie.org/NLE/CRSreports/Marine/mar-23a.cfm
CA Department of Health Services – Cyanobacteria (freshwater) Blooms

www.cdph.ca.gov/HEALTHINFO/ENVIRONHEALTH/WATER/Pages/Bluegreenalgae.aspx
Amnesic Shellfish Poisoning: Harmful Algae website, Woods Hole Oceanographic Institution

http://www.whoi.edu/redtide/page.do?pid=9257
Amnesic Shellfish Poisoning: University of Miami NIEHS Marine and Freshwater Biomedical Sciences Center
http://yyy.rsmas.miami.edu/groups/ohh/science/aspcontent.htm
ECOHAB Pacific Northwest: A multi-disciplinary project to study the physiology, toxicology, ecology and oceanography of toxic Pseudo-nitzschia species off the Pacific Northwest coast

www.ecohabpnw.org

Domoic Acid Poisoning: Northwest Fisheries Science Center, NOAA, Seattle, WA

http://www.nwfsc.noaa.gov/hab/habs_toxins/marine_biotoxins/da/index.html
Domoic Acid - A Major Concern to Washington State's Shellfish Lovers: Washington Dept. of Fish and Wildlife
http://wdfw.wa.gov/fishing/shellfish/razorclams
Domoic Acid (ASP) in Shellfish: Washington State Dept. of Health

http://www.doh.wa.gov/ehp/sf/Pubs/DomoicAcid.htm
Domoic acid and sick mammals: Channel Islands National Marine Sanctuary, Santa Barbara, CA

http://channelislands.noaa.gov/focus/dom.html
Domoic Acid Information & History: Channel Islands Marine & Wildlife Institute, Santa Barbara, CA

www.cimwi.org/stranded_domoic.html
Domoic acid and California sea lion deaths: Chris Scholin; Monterey Bay Aquarium Research Institute, Moss Landing, CA
http://www.mbari.org/news/news_releases/2000/jan06_scholin.html
Understanding Domoic Acid and Toxic Diatom Blooms: B Mary Silver (2002); University of California, Santa Cruz, CA
http://escholarship.org/uc/item/98d310d0
Pseudo-nitzschia: Information gathered by Jennifer Shin (1999); Monterey Bay Aquarium Research Institute, Moss Landing, CA
http://www.mbari.org/staff/conn/botany/diatoms/jennifer/tax.htm
Deadly Diatoms: Demo from "Oceans of Life" CD-ROM, University of California, San Diego
http://earthguide.ucsd.edu/diatom/d9b.html
California Animal Health and Food Safety Laboratory System; pdf file
http://www.vetmed.ucdavis.edu/whc/local-assets/pdfs/montie2010-ohh.pdf
contributed by Pat Harcourt

The best source I have found for student-friendly videos of various species of algae including toxic ones, is the CD "Phytopia" produced by Bigelow Lab for Ocean Sciences.
The CD is free, but shipping costs $3.95. 

The web site is: https://articleworks.cadmus.com/bigelow/index.jsp?page=2
Here is more info:

The core technology of Phytopia is a first-ever searchable database of many important phytoplankton from the world's temperate oceans: The Phyto Files. Also included in this module are three-dimensional cell models and a virtual microscope tool that allows for the viewing of organisms at various magnifications, under various epifluorescence techniques, and by scanning electron microscopy. Many species description include video clips. Users can better understand each species unique form and function including cell wall type, motility, and potential harmfulness.

Educators with questions about paying shipping costs should e-mail phytopia@bigelow.org.
This site has amazing images, but not video.
http://www.whoi.edu/redtide/page.do?pid=17575
---------------------

Dr. Dave Caron's lab has been hard at work investigating a nearby fish kill. They are studying oxygen levels in the water and domoic acid in the fish.

News stories on Redondo beach fish kill
http://latimesblogs.latimes.com/lanow/2011/03/redondo-beach-dead-fish-oxygen-levels-zero.html
http://www.dailybreeze.com/news/ci_17600823
Dave's comments about this are at Response 2.1 : 35 in the presentation section. 
---------------------

Here is a nice gallery of marine and freshwater phytoplankton with great illustrations and a bit of information about each species. It's very student-friendly. It's based on the pacific coast, but many species are found on both coasts.
http://oceandatacenter.ucsc.edu/PhytoGallery/
---------------------
Information and references suggested by Dave Caron from discussions in the presentation section: 

Harmful algal bloom web sites
Gulf coast: http://www.epa.gov/gmpo/habpage.html
General: http://www.whoi.edu/redtide/
http://www.cop.noaa.gov/stressors/extremeevents/hab/default.aspx
Info about Great lakes harmful algae:

The homepage of Greg Boyer http://www.esf.edu/biochemistry/boyer.html
HABs in Chesapeake Bay
Pat Glibert at Horn Point Laboratories http://www.umces.edu/hpl/people/pglibert
Tidewater Oyster Gardeners Association (TOGA): http://www.oystergardener.org/
Golden algae (a general group including some harmful species)
http://www.wildlifedepartment.com/alga.htm
Here is some info on golden algae on the Gulf Coast FAQs:
http://www.tpwd.state.tx.us/landwater/water/environconcerns/hab/ga/faq.phtml
This report says golden algae "is likely the most problematic in US waters"
http://www.whoi.edu/redtide/page.do?pid=29477 

HABs in the Great Lakes
http://www.glerl.noaa.gov/res/Centers/HABS/about.html
I also found this site at another COSEE  with an animation of how eutrophication (over-enrichment of an aquatic or marine system) can lead to algal blooms,  though not necessarily toxic ones. See what you think.
http://coseenow.net/blog/eutrophication-animation/
You might enjoy some of these animations from our COSEE West site. I think animations can be really helpful for teaching some concepts.
http://www.usc.edu/org/cosee-west/ocean_tube.html
I should have recommended this one earlier - it's an animation about phytoplankton especially for elementary age students.
http://www.usc.edu/org/cosee-west/oceantube/Movies/phytoplankton.mov
General Ocean Observing Systems Resources

Week 2

Compiled by Pat Harcourt

Here are some resources about ocean observing systems to get us started. Research on harmful algal blooms takes advantage of data about the environment from many sources, including environmental measurements, satellite images, and on-site observations.
National Data Buoy Center is an easy to use source for data from ocean buoys around the US and the world, including the Great Lakes.  http://www.ndbc.noaa.gov/
Southern California Coastal Ocean Observing Sysytem Classroom activities and projects for students that incorporate SCCOOS data http://www.sccoos.org/commclass.html
BRIDGE Ocean Observing Systems links: these are sites, not lessons, but there are links for Ocean Observing Systems around the coasts of the U.S.
http://www2.vims.edu/bridge/search/bridge1oos_menu.cfm?page_no=1
COSEE Networked Ocean World: a site with information, lessons, and links about ocean observing systems. Orientation is at http://coseenow.net/about/ocean-observing-systems/
A good story about the value of satellite images http://coseenow.net/blog/small-plants-big-ocean/
Our Lake NY State data for finger lakes – site is easy to navigate; go to “data” choose a lake and look at chlorophyll profiles.

http://www.ourlake.org/index.html
Great Lakes observing system – lots of data on each of the lakes  http://glos.us/
Great Lakes surface water temps derived from satellites; choose a lake and click on a location to see surface temp data. http://www.coastwatch.msu.edu/
A set of older but well-structured pages for introducing ocean color (chlorophyll) images; useful for educators. http://disc.sci.gsfc.nasa.gov/oceancolor/additional/science-focus/education
Introduction to ocean color image interpretation: this is old, and the data source is no longer transmitting, but the information is useful and well presented; it could serve as a good orientation page. http://disc.sci.gsfc.nasa.gov/oceancolor/documentation/scientific-documentation/CZCS_Starter_kit.shtml
Here are a few more links to support teaching about the technology of HABs research:

This page has information about the region where Beth Stauffer conducts some of her research. The information is presented in a clear way with good illustrations and not too much text – It would be suitable for use with students or to use as a model for student projects. http://www.cnsm.csulb.edu/departments/geology/people/bperry/scbweb/homepage.htm
California sea surface temperature & chlorophyll images from CenCOOS http://ebbandflow.mbari.org/sections/conditions/SST_Chl.shtml
This is a general blog about research from Dr. Burt Jones lab (USC), which includes HABs, particularly Pseudo-nitzschia (the Jones lab uses gliders for their research and is part of the SCCOOS network).  http://urbanoceandiary.blogspot.com/
Visually rich animation of world chlorophyll and sea surface temperature (July 2002‐Oct 2010), NASA
http://earthobservatory.nasa.gov/GlobalMaps/view.php?d1=MYD28M&d2=MY1DMM_CHLORA#
Coastal Data Information Program: access to the Santa Monica Bay Observatory (buoy) data; Beth Stauffer and Dave Caron carry out research in this area.
http://cdip.ucsd.edu/?nav=historic&stn=028 
Sea Surface Temperature for California, NOAA CoastWatch: This is an amazing tool with lots of capabilities. Images relevant to HABs are sea surface temps (SST) and chlorophyll- a (chl). Play with it to see what it can do or click the “help” link for a useful guide page.
http://coastwatch.pfeg.noaa.gov/coastwatch/CWBrowser.jsp 
A lesson plan from Mote Marine Lab in Florida about oceanography and phytoplankton ecology 
http://serc.carleton.edu/usingdata/datasheets/MoteMarineLab.html that uses data from HAB transects between 1999 and 2005. The visual plots of the transects provide a good platform for discussing how to interpret this type of data. The data are presented as cross-sections of the transect line, color coded for each parameter sampled.
http://isurus.mote.org/~pederson/transects.phtml
Some videos for fun and learning:

Harmful Algal Blooms in China, Voice of America News 
http://www.youtube.com/watch?v=YO3Gg3YfJ84
 

"CSI" spoof episode on harmful algal blooms by undergraduates at University of Central Florida
http://www.youtube.com/user/HarmfulAlgalBlooms 
Plankton blooms and dead zones, NOAA Visualizations: this is not specifically about harmful algae but shows the factors that interact to bring about algal blooms
http://www.youtube.com/watch?v=a8ae2vq45eA
Here is a lesson plan that illustrates how plankton blooms can cause hypoxia
http://www.mbari.org/earth/mar_biology/microbial/good/good.html
Red dinoflagellate bloom from the BiG RAPA (Biogeochemical Gradients Role in Arranging Planktonic Assemblages) cruise (VIDEO) This is a dramatic video from a research cruise that was studying
http://www.youtube.com/watch?v=xCdYAV3hcwM
BIG RAPA Research project web site  http://cmore.soest.hawaii.edu/cruises/big_rapa/
contributed by Eileen Marmino

This link discusses the effect of blooms....even years after they happen. Pretty interesting, especially if you live in Jersey!

http://new.coolclassroom.org/discoveries/view/nj-dead-zone
This page has good simple data sets on Great lakes harmful algal blooms. Students could graph this data by hand or it can be pasted into Excel and graphed.

General page:
http://www.glerl.noaa.gov/res/Centers/HumanHealth/habs.html
These two sites have data for concentration of microcystin, a toxin from Microcystis algae

http://www.glerl.noaa.gov/res/Centers/HABS/bear_lake.html
http://www.glerl.noaa.gov/res/Centers/HABS/muskegon_lake.html
This one has a map and also gives water temp & depth
http://www.glerl.noaa.gov/res/Centers/HABS/western_lake_erie.html 

Here is a lesson that is well documented with materials. It includes aspects about upwelling and phytoplankton production. The data set is pretty big and I think it would require some preselection of data, such as extracting just chlorophyll data, before students used it.

http://www.teachingboxes.org/upwelling/index.jsp
This page is just one part of the preceding lesson, but it is an attractive and simple way to introduce the connection between physical factors and phytoplankton production
http://www.teachingboxes.org/upwelling/lessons/lesson2_supplement/PhytoplanktonWorksheet.htm
I just came across this short and sweet modular learning site about HABs. It has a short slide show, 3 readings, and a quiz. It would probably be most useful for upper middle school, high school, and adult learners.
http://www.fathom.com/course/10701012/index.html
Patty Sheehan asked about this URL for the Scale of the Universe, related to Adriane Jones' talk http://primaxstudio.com/stuff/scale_of_universe/
It's an interactive scale of relative sizes, from the tiniest to the largest entities known. It's fun to play with!
Mary Kultgen found this great link with information about freshwater HABs:
http://blooms.uwcfl.org/mendota/
HABs & Marine Mammal & Bird Resources

Week 3
Compiled by Pat Harcourt and Gwen Noda

Here are the websites for the two facilities where the virtual tours were recorded!

Marine Mammal Care Center at Fort MacArthur
http://marinemammalcare.org/index.php
and

International Bird Rescue Research Center
http://www.ibrrc.org/
Just to get started on marine mammal and bird impacts of HABs
Article about pelicans & domoic acid

http://www.ibrrc.org/pelican_domoic.html
Marine mammals and Red Tide fact sheet

http://www.whoi.edu/redtide/page.do?pid=14215
Birds and Red Tide fact sheet

http://www.whoi.edu/redtide/page.do?pid=14217
Red Tide & wildlife fact sheet

http://www.whoi.edu/redtide/page.do?pid=9682
Neurotoxic shellfish poisoning, including description of marine mammals affected

http://www.whoi.edu/redtide/page.do?pid=15159&tid=523&cid=27689
Here is an extensive document from NOAA (National Oceanic and Atmospheric Administration) about harmful algae including descriptions of effects on marine mammals and birds 

http://oceanservice.noaa.gov/websites/retiredsites/sotc_pdf/hab.pdf    
Information from the Marine Mammal Center (not the MMCC in the virtual tour) about domoic acid toxicosis in marine mammals

http://www.marinemammalcenter.org/science/top-research-projects/domoic-acid-toxicity.html
Information about domoic acid from a stranding response group in CA http://www.cimwi.org/stranded_domoic.html
A story about HABs affecting marine mammals in CA
http://www.physorg.com/news98552152.html
This is a heartrending article from the LA Times about marine mammals and HABs. The writing is vivid and simple, so it would be useful as a reading for students, though the end of the article is terribly sad! It could be edited it to make it shorter.

I think it might be a very good source of discussion when the class is studying HABs. You could ask students which parts of the article are based on evidence or research and which are opinions or personal observations.
http://www.latimes.com/news/local/la-me-ocean31jul31,0,223033.story
Here's the whole series and online interactives (it was a special section of the Los Angeles Times by Ken Weiss in July-Aug 2006):
http://www.latimes.com/news/local/la-oceans-series,0,7783938.special
This interesting and readable article from NOAA describes a seabird dieoff related to the foam that can be produced as an artifact of algal species, which was referred to in Dave Caron's presentation in week 1. Dave said the foam is non- toxic, and this article corroborates that, but the effect of the foam on the birds was to reduce the waterproof quality of their feathers, which left them vulnerable to the cold water.
http://www.cop.noaa.gov/stressors/extremeevents/hab/features/seabirds_hab.aspx
Here is a table of HAB species and organisms affected by each species
http://www.whoi.edu/science/B/redtide/species/speciestable.html
Here are some excerpts from 1961 articles related to 'The Birds' incident from the Santa Cruz Public Library:
http://www.santacruzpl.org/history/articles/183/
Here's some information about the difference between biomagnification and bioaccumulation and some examples:
http://www.marietta.edu/~biol/102/2bioma95.html
Here's a website from the USGS about natural oil and gas seeps off the California coast.
http://walrus.wr.usgs.gov/seeps/
and a page specifically about Santa Barbara:
http://walrus.wr.usgs.gov/research/projects/oilandgasseep.html
contributed by Lollie Garay
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Good resources that connect ocean research with classrooms: 

Polar Science: www.polartrec.com

Marine Science: www.tas.noaa.gov
