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BackgroundBackgroundBackground

Spill operation occurs at Bonneville Dam when pre- 
emergent chum salmon (sac-fry) are still present in 
incubation environment (hyporheic zone)
TDG level of <105% in surface water is guideline 
for protection of pre-emergent fry but impacts to 
chum sac-fry not clear
Very little research done on TDG levels in 
hyporheic zone below Bonneville Dam where pre- 
emergent chum salmon may be present through 
mid May
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2007 Objectives2007 Objectives2007 Objectives

Determine depth compensated TDG 
concentrations at chum salmon redd sites 
downstream from Bonneville Dam
Conduct toxicity tests on the formation of gas 
bubble signs in chum salmon fry at TDG 
levels ranging up to 113%
Sample chum salmon sac-fry during spill 
operations at Bonneville Dam to determine if 
there is a physiological response to TDG 
levels



4

Objective 1 
Methods 

Objective 1 Objective 1 
MethodsMethods

Sensors record TDG, 
water level, specific 
conductance, 
temperature, DO
Data recovery ca 2 wks
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Uncompensated Surface Water TDGUncompensated Surface Water TDGUncompensated Surface Water TDG



6

Depth-Compensated Hyporheic TDG at 
Ives Island Sensors 

DepthDepth--Compensated Hyporheic TDG at Compensated Hyporheic TDG at 
Ives Island SensorsIves Island Sensors
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Presenter
Presentation Notes
(1) Compensated for depth of sensor and hence more accurate representation of egg pocket TDG, (2) increases more in 2007 than in 2006, but still less than 103%.
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Estimated Exposure 2007Estimated Exposure 2007Estimated Exposure 2007
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Objective 2 MethodsObjective 2 MethodsObjective 2 Methods

Conducted toxicity tests on gas bubble 
disease in chum salmon sac-fry

Larval chum salmon exposed to TDG levels of <100, 
103, 108, or 113% TDG from March 1-30

Sampled two developmental stages: 2 weeks pre-
emergence, immediately prior to emergence (these 
stages overlap with TDG exposure during spring spill)   

Acute and delayed mortality, development, internal and 
external signs of GBT, and histopathology (Dr. Ralph 
Elston)

Presenter
Presentation Notes
Eggs for this experiment will come from a hatchery.  In FY 2007 we used chum eggs from Minter Creek Hatchery, a WDFW chum salmon hatchery in Gig Harbor, Washington.  We will explore other options for egg source, including the Grays River facility.  Eggs will be transported from the hatchery to Richland, and placed within incubation trays where they will be maintained until experimental facilities are prepared.  The experiment will be initiated by placing ~300 eyed eggs in an egg tube (or basket); there will be six egg tubes (replicates) in each treatment. 

At about 600 accumulated thermal units (ATUs), approximately 100 embryos will be moved from each egg tube into a corresponding emergence tube.  The egg tubes and emergence tubes have previously been used to monitor survival and development of fall Chinook salmon embryos (Geist et al. 2006) and the emergence tubes were used successfully in FY 2007 to study TDG effects on emergence of chum alevins.  The egg tubes are 6” tall, and 4” in diameter.  They are slotted on the sides and screened on the bottom; this allows continuous flow of water to occur around the eggs at all times.  Emergence tubes consist of a light and dark chamber connected to each other via a clear tube.  Embryos are placed in the dark chamber which also contains gravel.  Water flow is directed such that it upwells from the dark chamber, across the clear tube, and into the clear chamber.  Fry emergence occurs when they follow the flow of water toward the light and end up in the clear chamber.  Fry can easily be counted and observed in the clear chamber, but are not easily monitored in the dark chamber. 
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Emergent Tubes

Experimental Troughs

Head Tanks

Gas Column

Sensor

Presenter
Presentation Notes
Upper photo shows gas generating column (left), three head tanks where gassed water and fresh water mixed to achieve targets, four troughs in foreground, computer on right that controls TDG levels. (2) treatment levels of 113%, 108%, 103%, and control (90-95%).

 lower photo shows the header created for each trough with the six emergent tubes per treatment.  About 100 embryos were placed in the emergent tubes after hatching and allowed to emerge under their own volition.  Dissolved gas sensors used to control the solenoid valves which mixed fresh and gassed water to achieve the targets.
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Laboratory ResultsLaboratory ResultsLaboratory Results

Survival to emergence greater than 95% for all 
groups with no difference among treatments and 
control.
Emergence occurred 4 days earlier in 113% TDG 
treatment as compared to control (significant 
difference).
Size at 50% emergence not significantly different 
among groups.
Bubbles found in eyes, nares, and swim bladder, 
but no clear dose-response for macro-signs of 
GBD.

Presenter
Presentation Notes
Survival not different among the treatment and control, except at the 113% TDGS.  This value was affected by a power outage that occurred shortly before emergence.  Only three emergence tubes were affected by the power outage.  Emergence was slightly (within four days) sooner in the highest TDG levels.  
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Flushing Redds and Netting Fry Looking for Signs of GBD

Objective 3 
Methods 

Objective 3 Objective 3 
MethodsMethods

Flushed 8 redds in the Ives Island
Three redds contained alevins, netted and examined.
Alevins were examined for bubbles in eyes, nares, 
hemorrhaging in fins, inflated swim bladder, and bubbles 
in intestinal tract.
Most fish released live back into study area with a few 
preserved for future assessment.
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Alevin Sampling ResultsAlevin Sampling ResultsAlevin Sampling Results

A total of 87 fish were collected from 3 redds
43 fish examined for externals signs with no 
bubbles observed in eyes, 2 fish with bubbles in 
nares, and over half the fish showing 
hemorrhaging in fins
5 fish examined for internal signs with 80% having 
inflated swim bladders and/or bubbles in the 
intestinal tract
Findings consistent with fact that depth 
compensated TDG less than 105% in hours prior 
to sampling
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Summary and ConclusionsSummary and ConclusionsSummary and Conclusions

Depth-compensated TDG <103% at sensor 
location, but risk models showed ~50% redds at 
Ives exposed to >103% for 50-100 h in 2007.
Survival not affected up to 113% TDG, but sub- 
lethal tissue damage was noted.  
Very few external signs of GBD were noticed, but 
depth-compensated TDG <105% leading up to 
sampling.  Bubbles in swim bladder and intestinal 
tract were documented but low sample size.

Presenter
Presentation Notes
Emphasize that redds that were exposed to levels >103% were at a higher elevation than sensors.
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Management ImplicationsManagement ImplicationsManagement Implications

Concentrations of TDG in chum salmon spawning 
areas are higher than management guideline when 
water levels are normal to low.
About half the redds in 2007 were located at higher 
elevations (shallower water) relative to 2006 and 
thus were likely more affected by TDG.
Laboratory studies showed that gill lesions 
occurred at the gas levels around 103%, but it is 
not clear whether these lesions ultimately affect 
survival.



16

AcknowledgementsAcknowledgementsAcknowledgements

Corps of Engineers - Dennis Schwartz, Mike 
Schneider, Bonneville Dam control room staff
PNNL - John Vavrinec, Kathryn Sobocinski



17

Comparison of Estimated Exposure 
Incubation Years 2003-2007 

Comparison of Estimated Exposure Comparison of Estimated Exposure 
Incubation Years 2003Incubation Years 2003--20072007
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