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I want to tell you a little about some  work we have been doing in  Alaska looking at transfer of  saxitoxins in the marine food  web. Joint work with Bruce  Wright at the Knik Tribe of  Alaska
With partners from Oregon State, the  PWS Science center, NOAA’s  Kasitsna Bay Lab, Kachemak  BAY national Estuarine  Research Reserve, Alaska Sea  Grant and others



Paralytic Shellfish Poisoning (PSP) in Alaska

PSP Toxins (PSTs)
Saxitoxins (STXs)
Mussels, clams, oysters, crabs

Symptoms
Nausea, vomiting, diarrhea  
Headaches, tingling, numbness  
Paralysis, death

FDA Advisory Limit
80 µg STX 100 g-1

(800 ng STX g-1)

Effects
Human illness  
Shellfishing closures  
Barrier to shellfish farming
Seafood marketing impacts  
Effect on marine biota

Ralonde, Trainer, Litaker, et al.

Alexandrium catenella
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Overview of PSP and PSP toxins  (PSTs) in Alaska Symptoms
Gastrointestinal symptoms  Neurological symptoms
In severe cases…
FDA Advisory level for shellfish and  fish Effects of PSTS
In addition to human illness
Presence of PSTs result in closure  of shellfish harvesting
In AK, PSP risk is a major barrier   to expansion of shellfish  aquaculture industry
Presence of STXs in seafood products  can prevent sale, export of  products – e.g. sale of crabs to  Asia Effect on other biota by  direct exposure to saxitoxins, or  transfer from other organisms
To give you some geographic  reference, here is a map of Alaska
Shows distribution of shellfish toxicity  during 1980s – 2005 (by Ray  Ralonde, Vera Trainer and  others) Some of highest toxicities  in Juneau region of SE AK,  Kodiak and Aleutian Islands
Occasional flare-ups in other areas  like Kbay
More recent data indicates high  shellfish toxicity is common in the  Pribilof Islands Blooms of  Alexandrium into northern Bering  Sea and the Chukchi as well.



PSTs in Marine Food Webs

Phytoplankton grazers
Small and large copepods
Ciliates, rotifers, heterotrophic dinoflagellates  
Fish and invertebrate larvae

Trophic transfer of PSTs 
Crabs & sea Stars  
Predacious zooplankton  
Zooplanktivorous fish  
Shrimp & other invertebrates  
Seabirds
Marine mammals
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Evidence for transfer direct transfer  of PSTs in the food web
Most evidence from the north Atlantic,  with some from the Pacific coast  of lower 48
During Alexandrium blooms, PSTs  rapidly transferred to  zooplankton, with data from both  small and large copepods In  ciliates, rotifers, heterotrophic  dinoflagellates & other groups
Also in planktonic larvae of fish and  invertebrates
PSTs transferred to other biota as  well, some in higher trophic  levels STXs in crabs and sea  stars (shellfish eaters)
Predacious zooplankton eating  copepods, etc. In Zooplanktivorous fish
In shrimp
Seabirds and marine mammals



Kathi Lefebvre et al.  
(2015, 2016)

Ringed Seal
12.7 µg 100g-1  

(feces)

Bowhead Whale
35.9 µg 100g-1  

(feces)

Pacific Walrus
645.7 µg 100g-1  

(stom. cont.)
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Example of distribution of PSTs in  marine mammals: Data from  Kathi Lefebvre et al 2015, 2016  Presence of STXs and DA in  Alaskan M Mammals 
Samples from strandings, mortality  events, but also subsistence  harvested mammals Blue/purple  = STX detected (feces, urine,  tissues, stomach contents)
Red indicates presence of DA  Highest concentrations:
12.7 in Ringed seals (feces)  35.9 in Bowhead whale (feces)
645.7 in Walrus stomach contents  – not surprising, given that  Walruses fed on shellfish and  other benthic invertebrates.



NPRB 1801:PSTs in the Marine Food Webs of Southcentral and Southwest Alaska.

Objectives
• Develop STX screening and analysis capacity
• Characterize Alexandrium blooms & phytoplankton community
• Assess trophic transfer of STXs to zooplankton community
• PSTs in forage fish
• PSTs in commercially important predatory fish 

species  Digestive organs, liver, kidney, muscle, roe
• Assess potential risks to

Higher level consumers, human health, seafood industry

Knik Tribe: PSTs in Lower Cook Inlet, the AK Peninsula, Aleutian & Pribilof Islands.

Objectives
• PSTs in forage fish
• PSTs in Salmon

Digestive organs, liver, kidney, muscle, roe
• Invertebrates

Urchins, Sea Stars, Chitons, Limpets
• Risks to human health, higher level consumers
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All of this information lead to many  questions about trophic transfer  pathways for PSTs, how  prevalent the toxins are in biota,  risks to higher trophic levels, the  seafood industry and human  health. Here I’ll show some data  from 2 ongoing projects looking  at PSTs in the Alaskan marine  food web.
NPRB Project 1801: - Locations shown  green stars (PWS, Kbay, Kodiak)  NOAA, NERR, UAF, USGS,  others 2) Knik Tribe project: -  Collaborator Bruce Wright - Pink  stars (Aleutians, Pribilof Islands,  Juneau area)



Collection & Analysis
Collection

Phytoplankton
Bivalves  
Zooplankton  
Forage fishes  
Predatory Fishes  
Other Invertebrates

Surface samples, Net tows
Intertidal collection, docks, pilings, cages  
Net tows
Beach seine, cast net, trawls, (stomachs)  
Sport catch, set net, fish processers  
Subsistence harvest

Analysis
ELISAScreening
HPLC Follow-up

Threshold of 10 µg STX Eq. 100g-1

>10 µg STX Eq. 100g-1
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Methods very similar for both projects
Sample these components of the  food web – with main collection  methods Cohos, Sockeyes,  Chinooks, Pink, Chum Salmon
Pacific Halibut
A lot of reliance on sport catch for  commercially important fish.  Public cleaning tables,  commercial processors, charter  boats, etc. Analysis methods
Screening by ELISA (enzyme-linked  immunoassay)
    Detection based on labelled  antibody for saxitoxin
    Inexpensive, rapid
    Gives estimated toxin levels based  on activity of the antibody
    Completed at NOAA Beaufort
Follow-up with HPLC (high performance  liquid chromatography)
    Give absolute toxin concentrations
    Less sensitive than ELISA, more  time consuming & expensive
    Completed at NOAA Beaufort or  DEC lab in Anchorage



Forage Fish
249 Analyzed

<10 µg STX Eq. 100 g-1

10-20 µg STX Eq. 100 g-1

>20 µg STX Eq. 100 g-1

84.3%
12.9%
2.8%

Dolly Chum Coho Pink Sockeye Pacific Saffron  
Varden  Salmon   Salmon Salmon Salmon Cod Cod

Ling Walleye Longfin  
Cod Pollock Smelt

Surf Capelin Sand  
Smelt Lance

Pacific Other  
Herring
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Today - Summary of data from two  types: forage fish and predatory  fish Mostly from 2018 data, some  from 2019
Other results pending  Juvenile & forage fish results  14 species
1 catchall group – unidentified  species, composite samples Graph -  Box plot of toxin concentrations
Line = median, Box = 25-75% Confidence Intervals,  Whiskers =5-95% Confidence intervals, dots = outliers
Overall, in the 249 samples tested,  more than 84% had  undetectable, trace or low  concentrations of PSTs
~13% had concentrations between  10 and 20 ug/100g Only 3% had  concentrations >20 ug/100g
Highest were 208 ug/100g in a  Dolly Varden from the Aleutians ~43  in Sand Lance from Cook Inlet. I  added a high Sandlance sample  from 2014, which was also found  in Cook Inlet.



Predatory Fish

Salmon & Halibut

73 Analyzed 
Digestive Organs  
Liver
Kidney
Muscle
Roe
Stomach contents
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Summary

Overall
Toxins in plankton, juvenile and forage fishes, predatory fish  
Highly variable in time & space
Widespread low level toxicity in fish  
Commensurate with Alexandrium bloom intensity

Salmon & Halibut
PSTs in digestive tract, excretory organs  
Very low in muscle meat & gonads

• Very low human health risk
• Little economic threat to seafood industry
• Higher risks to predators

Samples during intense Alexandrium blooms?
What’s worse? Higher toxin levels vs. higher incidence in fish?  

Upper limit to body burden?

Effect on fish?
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Jester 2008

Dolly Chum Coho Pink Sockeye Pacific Saffron Ling Walleye Longfin Surf
Varden Salmon Salmon Salmon Salmon Cod Cod Cod Pollock Smelt Smelt

Capelin Sand Pacific Other  
Lance Herring

255208

Alaska Sand Lance  
(Shearn-Bochsler et al. 2014)

Horse Mackerel Eur. Pilchards Argentine Sea Mackerel  
(Lage & Costa 2013) (Costa et al. 2010) (Montoya et al. 1996)

Egyptian Mackerel  
(Gomaa et al. 2011)
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