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Alexandrium catenella cyst distribution and 
germination in Puget Sound, WA USA

Investigators:
C. Greengrove, J. Masura, S. Moore, B. Bill, L. Hay, K. Eldred, 

N. Banas, E. Salathé Jr., N. Mantua, J. Johnstone, 
D. Anderson, V. Trainer, J. Stein



HMS Discovery

Captain George Vancouver

1793

Price, D., K. Kizer, K. Hansgen, (1991)
"California's paralytic shellfish poisoning 
prevention program, 1927-89" 
Journal of Shellfish Research 10 (1):119-145

Coast Salish People

http://www.vancouvermaritimemuseum.com

Alexandrium outbreaks, shellfish toxicity, & human illnesses 
have plagued Puget Sound for decades 

More Recently:
• 1942 – 3 deaths
• 2012 – 9 reported PSP illnesses
• Most years – shellfish bed closures



http://www.whoi.edu/redtide/

A. CoxS. Hoffer

Harmful Algal Bloom (HAB)

G. Hannach

Paralytic Shellfish Toxin (PST) ProducerDinoflagellate



PS-AHAB
Puget Sound – Alexandrium Harmful Algal Blooms

Capt. Ahab

Puget Sound 
cyst hunters!



Modeling favorable habitat areas for 
Alexandrium catenella in Puget Sound and 

evaluating the effects of climate change

3-yr Project (2010-2013) 
Funded by NOAA’s Ecology and 
Oceanography of Harmful Algal 
Bloom Program (ECOHAB)

The team
Web site:
www.tiny.cc/psahab



What we knew
• Blooms have increased since the 

1950s

• Blooms usually occur from July 
through November

• Interannual variability is high

• Blooms are sensitive to weather 
and climate – like warm & calm 

• Water temperatures > 13°C 
appear to enhance growth 
Nishitani & Chew (1984)

Shellfish harvesting closures due to PST by decade in 
Puget Sound based on Washington State Department 
of Health (WDOH) monitoring data. Trainer et al. (2003)

(primarily from shellfish)



What we didn’t know…

How does temperature and salinity affect growth and toxicity?

Factors controlling the germination of cysts?
Interannual variability in cyst abundances?
Relationship between cyst abundance and bloom magnitude?

Need to answer these 
questions in order to provide 
early warning of toxic events!

Relationship between cyst 
abundances and shellfish toxicity

Where is Alex and what does it like?



Objectives of PS-AHAB
• How much “seed” is available to initiate blooms and where 

is it located?
– Determine interannual variations in A. catenella cyst distribution in 

Puget Sound

• When/where could this seed germinate and grow?
– Quantify rates of cyst germination and vegetative growth for a range 

of temperature, salinity, and light conditions
– Determine the presence/absence of an endogenous clock that 

regulates cyst germination
– Model favorable habitat areas for cyst germination and vegetative 

growth

• How could these factors be altered by future climate 
change?
– Evaluate climate change impacts on favorable habitat areas
– Establish a time series with sufficient depth to provide seasonal 

forecasts of toxic blooms



The three components of PS-AHAB 
and who is doing what 

ModelingFieldLaboratory

Ocean

Climate

Steph/John

Cheryl/Julie/Steph
/Students Eric/Nate/Neil

Brian/Steph/Vera/
Don/Students



1. Factors controlling benthic and planktonic life 
stages

• Where are cysts located?
• When can they germinate and grow?



Annual Field Surveys to Map the Abundance of A. catenella cysts

Nice
Weather!

Winter
2011, 2012, 1013



Brrrr!





Sediment Sample Processing

CYSTS (Yamaguchi, Itakura and Ishida, 1995)
• Sonicated
• Sieved
• Preserved (formalin)
• Solubilized cell walls (methanol)
• Stained (primulin)
• Counted (in Sedgewick-Rafter slide 
using epifluorescence microscopy)

TOC
Loss on ignition

GRAIN SIZE
Beckman-Coulter LS 200 
Particle Size Analyzer 



Where are cysts located?

*2005 data from Horner et al. (2011): Harmful Algae

*

12,125 1,535

4,199 1,070

708 695

500



Factors controlling cyst germination

Light

Dark

Prefers light and warmer conditions



Puget Sound Alexandrium growth
• Puget Sound Alexandrium are euryhaline (20-35 psu) with a 

broad optimal temperature range (14-24°C)
• Maximal growth rates ~0.3-0.5 μ d-1

Temperature Gradient Bar (Watras et al. 1982)
• Chilling/heating elements
• 12L:12D
• 6 salinities × 19 temps × 2 strains (n=2)

Modeled growth response (based on specific 
growth rates of N & S strains)

See Brian Bill’s Poster



Cyst viability (14L:10D, 14°C)

2012
Site # Site name Depth (m) Cysts/cc % Viability[**]

1 Semiahmoo  Bay 16 77 37[30]

4 Birch Bay 9 72 34
5 Georgia Strait - SE 50 63 24
8 (0-1 cm) Bellingham Bay - North 9 1070 48
8 (0-1 cm) Bellingham Bay - North 9 1070 54
8 (1-3 cm) Bellingham Bay - North 9 1070 44
9 Bellingham Bay - East 24 117 52
10 Bellingham Bay - South 18 67 44
11 Bellingham Bay - West 55 55 48
12 Padilla Bay 26 147 30
15 Lopez Sound - Outer 22 52 20
17 Cattle Point 26 160 32
22 Seqium Bay - Center 27 35 34
58 Port Madison 36 320 42
59 Liberty Bay 4 545 36
60 Port Orchard - North 21 130 46
61 Port Orchard - South 25 175 54
78 (0-1 cm) Quartermaster Harbor - Center 13 708 16
78 (0-1 cm) Quartermaster Harbor - Center 13 708 38
78 (1-3 cm) Quartermaster Harbor - Center 13 708 66
79 Quartermaster Harbor - Inner 7 500 42

Quartermaster 
Harbor

Bellingham Bay

Cysts per cc sediment

Liberty Bay



∆ Temperature
∆ Salinity

? Growth
? Toxicity

Vegetative cell

Cyst

? Endogenous clock

∆ Temperature
∆ Light

? Germination

Laboratory Experiments to 
Determine Factors 

Controlling Growth and 
Toxicity of Vegetative Cells, 

and Germination of Cysts



Questions?
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