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Overview 

• Background 
 

• Reasoning 
 

• What we did 
 

• Results  & Conclusions 



A Little Bit About Pacific Lamprey 

• Anadromous 
• Adults return to 

freshwater to spawn 
• Critical larval stage lasts 

4-6 years 
– Similar habitat as Pacific 

salmon so experience 
similar habitat problems 

• Metamorphosis 
• Ocean migration 
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Presenter
Presentation Notes
Pacific Lamprey are anadromous.

And adults return to spawn in freshwater.  

The larval stage, out focus in this study, lasts for 4-6 years in freshwater sediment.

Juvenile lamprey then migrate to the ocean.

And 2-3 years later the cycle starts over.

Larval lamprey live around some of the same habitat as Pacific Salmon so they experience similar habitat issues



Historically 

• North American and Asian 
Pacific Coast and the Columbia 
River Basin 
 

• Source of nutrients 
 

• Serve an important role in 
Native American tribes 
 

• Possible indicator of ecological 
health 

Presently 

• Half of Northern Hemisphere 
lamprey considered 
vulnerable, endangered, or 
extinct 

– Dams 
– Habitat degradation 
– Poor water quality 
– Exotic species 
– Direct eradication 
 

• Native Americans are losing 
– Cultural heritage 
– Traditional fishing opportunities 
– Have to travel long distance to fish 

 
 

Jeff Jolley 

Presenter
Presentation Notes
The Pacific lamprey’s historical range extended from Japan around the Pacific Rim to Baja California in Mexico.  They were likely a consistent source of marine nutrients, served an important role with Native American culture and are a possible indicator of ecological health.

Today half of the Northern Hemisphere lamprey are considered vulnerable, endangered or extinct.  With corresponding ecological and social impacts to historical interactions.




Information and Education 
http://www.fws.gov/pacific/Fisheries/sphabcon/lamprey/index.cfm 

 

• Conservation Initiative • Management • People  

http://www.fws.gov/pacific/Fisheries/sphabcon/lamprey/index.cfm 

 



Reasoning 
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• Eagle Creek National 
Fish Hatchery 

• Prosser Yakama Tribal 
Hatchery 

•   

• Unknown pathogen 
susceptibility 
 

• Vector Jeff Jolley 

Presenter
Presentation Notes
The Service and our partners think that Pacific Lamprey are a good candidate for culture and pilot projects for rearing are happening at Eagle Creek National Fish Hatchery and at a Yakama tribal hatchery located in Prosser, WA.

This is broadening our limited knowledge of lamprey life history and ecology.  

But any culture of these animals revolves around the collection of either wild adults or wild larvae, at least initially.

Which brings up another aspect in our lack of knowledge: the susceptibility of lamprey to diseases important to the culture of Pacific Salmon and, in conjunction, their ability to transmit these pathogens.  



Unknowns 
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• Rearing 
 

• Disease 
 

• Proactive 
 

• VHSV & IHNV 

Presenter
Presentation Notes
Even with the cool stuff coming out of the hatchery projects, like this early development picture by Ralph Lampman,

There are lots of unknowns about lamprey rearing and disease.  We are going to focus on a small part of the disease aspect.  

And from that aspect we can take two paths: 1) proactively evaluate pathogens or 2) treat problems as they occur.

This study was set up as a proactive approach for measuring the possible risks of introducing wild lamprey into an existing culture facility.  

To get the ball rolling, we chose two viruses of economic importance that Pacific Lamprey would likely encounter in the ocean and the Columbia River Basin: 

they are Infectious Hematopoietic Necrosis Virus (or IHNV) and Virial Hemorrhagic Septicemia Virus (or VHSV).




A Day in the Life…. 

NFEC 

WFRC 

LCRFHC 

CRFPO 

Presenter
Presentation Notes
We do like our acronyms…and arrows.  The green arrows here represent people and lamprey and the red arrows represent communication

The general objectives were simply for biologists from the Columbia River Fisheries Program Office to collect lamprey from the North Fork of Eagle Creek in OR; 

transport them to the Western Fisheries Research Center in Seattle, where the lamprey were challenged with the two strains of virus; 

when the various challenges were done lamprey would be sent to the Lower Columbia River Fish Health Center in Willard, WA where hopefully we could recover the viruses from challenged lamprey.




…Unsuspecting Lamprey 
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Presentation Notes
Here is one of the autors, Jeff Jolley, ostensibly collecting lamprey

Not sure how since there  is no crew, no nets and the probes aren’t activated…I’m not even sure there is a battery in the backpack.

Regardless one day 357 lamprey did show up in Seattle.  

These Lamprey averaged 1.5g and 9.3cm.





WFRC 

• Acclimated 7 days 
 

• Unfed 
 

• Natural photoperiod 
under ambient lighting 
 

• 12°C in sand-filtered, 
UV treated, aerated 
 

• No sediment or 
substrate Ga
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Presenter
Presentation Notes
Once caught the lamprey were held overnight and then driven to the Western Fisheries Research Center 

where they were acclimated for 7 days under ambient lighting, without feed, sediment or substrate 

in sand-filtered and UV treated water from Lake Washington chilled to 12°C.  


They were later challenged under similar conditions.


The three authors in this picture are Jeff, Tarin Thompson, and Jim Winton

You know, now that I take a closer look this represents a typical federal triad: the goofball, the serious student (grasshopper), and the master.  



IHNV & VHSV 

• Round Butte IHNV 
– Round Butte State 

Hatchery 
– 1975 from adult Steelhead 

 

• Salmon River IHNV 
– Salmon River State 

Hatchery 
– 2007 from diseased 

juvenile steelhead 
 

• Pacific NW VHSV 
– BC sea-pens 
– 1999 from Atlantic Salmon 
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Presenter
Presentation Notes
Remember the viruses used for challenge were IHNV and VHSV.  Both are from the Rhabdoviridae family.

We decided to use two different strains of IHNV, both from steelhead: one isolate was collected from a spawning adult in 1975 at the Round Butte State Hatchery in Oregon (IHNV Round Butte); and the other was obtained from diseased juveniles in 2007 from the Salmon River Tribal Fish Hatchery (IHNV Salmon River) in Washington.  And the VHSV was isolated from Atlantic Salmon in 1999 from sea-pens in British Columbia

This is an electron micrograph of a typical Rhabdovirus, note in particular the bullet-shaped profile…




Immersion 
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• Immersion  
 

• 10 fish/tank, 2 doses of 
each virus in triplicate 
 

• (6 tanks/virus) x (3 
viruses) x (10 fish) = 180 
 

• Triplicate control = (3 
tanks) x (10 fish) = 30 

Presenter
Presentation Notes
These isolates were used in either an immersion challenge of 2 hours in water containing 1,000 or 1,000,000 virus/ml in triplicate.  The virus loads are representing what we felt would be a moderate and high amount of virus respectively with a pretty long contact time with those doses.   

OR….
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• 1st Experiment (41 day) 
– 10 fish/tank x 3 viruses = 

30 fish 
– 10 control fish 

 
• 2nd Experiment (6 day) 

– 6 fish x 3 viruses = 18 
fish 

– 2 control fish 

Injection 

Presenter
Presentation Notes
Or 10,000 infectious units of virus/fish were injected into the Lamprey body cavity.  This was done with two independent groups: one was sampled at 41 days and one at 6 days.


All treatments had appropriate controls either immersed in water alone or injected with saline.




Observation 

• Tanks observed daily 
 

• Survivors sampled  
– 6 days 
– 12 days 
– 41 days 

 

• Mortality frozen 
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Presenter
Presentation Notes
Following challenge, lamprey were observed daily for mortality; 

For evaluation, surviving lamprey were killed at 6, 12 & 41 days, individually packaged, appropriately labeled and sent on ice to the Fish Health Center.  

Any mortality was frozen at -80°C and also sent.




Evaluation 

• Received from WFRC 
 

• Inoculated onto CHSE 
and EPC 
 

• Observed for CPE 
 

• Results calculated in 
pfu/g of fish 

Presenter
Presentation Notes
After the receiving the samples at the Fish Health Center we transformed whole lamprey into a more dilute, hopefully non-toxic liquid that we could eventually calculate the number of infectious particles for each gram of lamprey tissue.

To do this indirectly we had to first inoculate that hopefully non-toxic liquid onto CHSE and EPC cells.

Observe these cell lines for cytopathic effect (CPE) for 14 days and, if negative, pass onto fresh cell for another 14 days.  That’s 28 days of observation.

Any samples that were positive for virus were quantified.

The picture here represents a microscopic view of CHSE cells with typical focal areas of CPE, called plaques, that could be either VHSV or IHNV.  



No Virus 

• Immersion 
– 180 fish 
– Low Mortality 
– Negative for virus 

• 1st Injection 
– 30 fish 
– some mortality 

(handling) 
– Negative for virus 
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Presenter
Presentation Notes
The results from the immersion challenge were easy to interpret—Negative.   Virus was not detected at 6, 12, & 41 days nor in the mortalities.  There were no obvious mortality pattern & no clinical signs of virus. The control group was clean with no mortality.
 �Unfortunately, into every study a little rain must fall.  There was 30 to 80% mortality in the 1st injection experiment including the control.  This was likely due to the small size of lamprey when injected and handling inexperience.  No virus was detected in the mortalities or in the surviving lamprey when sampled at 41 days.

But we thought this warranted a 2nd injection treatment with another group of lamprey to be sampled at 6 day post challenge focusing on virus recovery…




…And We Did 
• IHNV (Round Butte) – 

Negative 
 

• IHNV (Salmon River) – 
3+/3* 
 

• VHSV – 2+/4 Positive* 
 

• Morts (Frozen) 
– 2+/6 positive  
– 1 IHNV (Salmon River) 
– 1 VHSV  
– Not quantifiable* 

 

* Well below dose injected Ga
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Presenter
Presentation Notes
…And we did.

With the second injection group, we were able recover virus from lamprey sampled at 6 days as well as mortality from the VHSV group and the Salmon River IHNV group.  

Again there were no clinical signs of disease in the mortalities 

And  

No virus was detected in Round Butte IHNV



More importantly, the virus we recovered was a fraction of the dose injected.



Larval Pacific lamprey are unlikely to serve 
as hosts, maintain or transmit IHNV or 

VHSV 
• No virus detected in 

immersion trails 
 

• No evidence of 
– infection 
– virus replication 
– persistence 

 

• No clinical evidence of 
disease 
 

• Low or no mortality 
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Presenter
Presentation Notes
In conclusion we feel that larval lamprey are unlikely to serve as hosts, maintain or transmit IHNV or VHSV.

We are basing this conclusion on several reasons

1) There was no detectable virus in the immersion group – meaning we did not see an infection;

2) there were no clinical signs of disease in the mortality from any experiment;

3) And in the injection groups the virus recovered was a fraction of the dose given and we weren’t able to recover virus at 41 days – in other words, there was no evidence of viral replication or persistence;



Questions? 

Presenter
Presentation Notes
Parasites of a different sort.



The Numbers 

• Lamprey Injected with ~6666 pfu/g 
 

• Recovered from Lamprey after challenge 
 

– Salmon River IHNV 396, 410, 2488 pfu/g 
 

– VHSV 296, 692 pfu/g 



What Do The Viruses Represent? 

• Round Butte IHNV was from the U clade  
– Ubiquitous throughout British Columbia, Washington 

& Oregon  
– Not particularly pathogenic to Pacific Salmon 

 

• Salmon River IHNV was from the M clade 
– Commonly found in Steelhead, often diseased, in the 

Lower Columbia River and Olympic Peninsula 
 

• Pacific Northwest VHSV is the IVa type 
– Found in the Northern Pacific  and Northern Atlantic 
– Not pathogenic to Pacific Salmon 



Pesky & Problematical  
• Just figuring out how to hold and challenge  

 

• Assumptions 
– That lamprey would have similar disease signs as Salmonids 
– And that freezing affects would be similar as well 

 

• Ability to recover virus from frozen samples 
– Virus lost to freezer 
– Frozen samples were more toxic to cells 
– Would have been better to screen fish as they die 

 

• Timeline not established with one injection treatment 
– Not really a big issue in my mind because not a likely mode of 

transmission 



What next? 

• Aside from figuring out what the rearing 
parameters are… 
 

• Will an infection in larval lamprey transmit to 
other cultured species 
– Could be important at places that have Salmonids 

spawning directly in hatchery effluent. 
 

• Other? 
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