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Presenter
Presentation Notes
I want to tell you 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 at 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, dizziness, numbness
Paralysis, death

FDA Advisory Limit
80 µg STX 100 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.
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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  &  Knik Tribe of Alaska

Objectives
• Develop STX screening and analysis capacity
• Characterize Alexandrium blooms & phytoplankton
• Zooplankton
• Forage fish
• Commercially important predatory fish

Organs & Muscle
• Invertebrates

Subsistence species
• Assess potential risks to:

Higher level consumers
Human health
Seafood industry

AK
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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
Plankton Surface samples, Net tows
Forage fishes Beach seine, cast net, trawls, stomachs
Predatory Fishes Sport catch, set net, fish processers
Other Invertebrates Intertidal collection

Analysis
ELISA Screening Threshold of 10 µg STX Eq. 100 g-1

HPLC Follow-up ≥10 µg STX Eq. 100 g-1
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Methods very similar for both projects

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 84.3%
10-20 12.9%
>20 2.8%
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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% CI, Whiskers =5-95% CI, 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.
For reference, I added a high Sandlance sample from 2014 (255), which was also found in Cook Inlet.
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Here are the same data, with the y-axis extended to encompass the FDA action limit for shellfish toxicity (80).
For comparison, we can add some toxicity values from the literature.

- In the orange bar is from Shearn-Bochsler et al (2014), showing the range of saxitoxin levels found in sandlance from the south-western part of the Kodiak Islands. Toxic sandlance were deported to cause mortality in Kittlitz’s Murrelets.
The Pink bar shows toxicities from the National Wildlife Health Center (2005) and Nisbet (1983) in fish causing mortality in Atlantic terns. Up to 855 ug/100g.
The green and blue bars show observed toxicity values reported by White (1985) and Geraci et al. (1989) for Atlantic sardines and mackerel that were implicated in mortality of whales in New England.
Lastly, I’ve included the LD50 of 167 ug/100g in Mallard ducks that was determined experimentally by Dusek and colleagues (2019) in USGS.





 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Predatory Fish

Alaskan Salmon

73 Analyzed
Digestive Organs
Liver
Kidney
Muscle
Roe
Stomach contents
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Some of our findings from Alaskan salmon collected across the region in 2017-2019.
Red line is FDA action limit for shellfish toxicity (80).
4 Species shown here with toxicity of 74 fish. Pink, Red, King, and Silver salmon. With data from digestive organs (stomach, esophagus, upper intestine, pyloric caeca), the liver, kidney, muscle (fillet meat), roe and stomach contents (fish and invertebrates).
Overall, the highest toxicities were found in reds and kings, with only trace amounts in pinks and silvers.
Highest values in digestive organs, liver and kidney of some of these fish.
No real toxicity in muscle meat or roe.
Highest values wereonserved in the organs of kings caught in the Aleutians during a very dense Alexandrium bloom in 2019.



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
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

More Questions
During intense Alexandrium blooms?
What’s worse?  Higher toxin levels vs. Higher incidence
Upper limit to body burden?
Effect on fish?
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To summarize.
Overall results at this point indicate there is widespread occurrence of saxitoxins throughout the plankton, juvenile & forage fishes, and predatory fishes.
Toxicity seems to vary widely in both time and location, but was commensurate with Alexandrium blooms, with highest levels in fish during Alexandrium blooms.
Although I didn’t show it, we are also collected limited data from chum salmon, halibut, and rockfish.
For Salmon, the only significant toxicities were found in the organs, with only trace toxicity in muscle or roe.
This is great news, as it suggests very low risk of human illness from eating salmon and no real threat to the Alaskan seafood industry.
But does indicate higher risk to marine predators that consume whole fish, such as marine mammals and seabirds.
Many questions have arisen during the course of the study, such as What toxicities in fish are found during very intense Alexandrium blooms? We plan to focus on Kodiak to address this question.
From an ecological perspective, we’d like to know what’s worse? Wide occurrence of low level toxicity in keystone forage fishes, for instance? Or only trace toxicity interspersed with a few very high toxin levels?
What is the body burden of fish species? Is there any impact on survival?



Thank You



2019 data
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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
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