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Effects of hypoxia and acidification on the swimming behavior of Calanus pacificus: 
Lethal and sublethal responses to stressors

Amy Wyeth1, Julie Keister1, Daniel Grünbaum1

1School of Oceanography, University of Washington 
Background

• Chemical stressors resulting from ocean 
change, such as hypoxia (low oxygen) and 
acidification (low pH), are increasing in 
coastal waters.1

• Stressors vary among regions due to 
differences in productivity and circulation 
patterns.1

• Deeper waters are typically more stressful 
than surface waters due to limited mixing 
and bacterial respiration at the seafloor that 
consumes O2 and releases CO2 .2

• Chemical stressors are known to affect 
many marine organisms, including 
copepods3, a critical link in marine food 
webs.4

• Diel vertical migration (typically swimming 
downwards during the day and upwards at 
night) is an important predator-avoidance 
behavior for many copepods.5
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Map of study site with stations where study 
organisms, C. pacificus, were collected.

Research Questions & Hypothesis
• Questions: When exposed to bottom water stressors, do copepods avoid stressful 

conditions by modifying their normal downward migration or do they migrate into 
stressful bottom waters and exhibit signs of physiological stress? What roles do 
mortality and swimming behavior play in shaping the vertical distribution of copepods in 
the water column? Will the region copepods are collected from effect their behavior?
• Hypothesis: When exposed to stressful bottom waters, C. pacificus mortality rates will 

increase and swimming speeds within stressful waters will decline as a result of 
physiological stress and metabolic suppression. 

Methods
Two sets of laboratory experiments were run with a bottom stressor of either low 

oxygen (0.65 mg/L dissolved O2) or low pH (7.48 pH).

C. pacificus 
normally swim 

down when 
added to the top 
of tanks, allowing 

us to record 
changes in 

behavior when 
they encounter a 

stressful water 
layer at depth.
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Experimental schematic highlighting the two-layer water 
columns and camera views.

• A stable, 2-layer 
water column was 
created using salinity 
differences (‘heavy’ 
and ‘light’ water).

• Six 5-megapixel IR 
cameras recorded 
swimming behavior.

• Videos were 
processed to extract 
pixel coordinates 
which were stitched 
into swimming 
trajectories.6

Results
Moribundity – Are there consequences of unmodified swimming?
• Moribundity, a proxy for mortality, was significantly higher in 

hypoxic but not acidic tanks relative to control tanks.

Moribund = 
remain stationary 
at the bottom of 
the tank through 
the last 2 minutes 
of the experiment
• Used as a proxy 

for mortality
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The average proportion of immobilized or dead copepods in stressor and 
control tanks from a video-based metric estimating moribundity at the end 

of all experiments.

Height off Bottom – Do copepods avoid stressful bottom waters?
• Copepods avoided deep hypoxic layers by staying higher in the water 

column in hypoxic tanks relative to control tanks. Copepods did not 
avoid deep acidic layers.
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Average height above bottom (+/- SE) of copepods over 5-minute intervals for 
control (blue lines) and stressor (red lines) tanks. Grey dashed line is the locations 

of the halocline separating heavy and light water. 

Swimming Speed – What behavioral changes underlie position shifts?
• Copepods swam faster above hypoxic waters and slower within hypoxic 

waters (both at (shown below) and off the bottom of the tank) in hypoxic 
tanks relative to controls.

• Copepods swam slower above acidic waters and at the bottom of the tank 
(shown below) but showed no difference in swimming speed within acidic 
waters (off the bottom), in acidic tanks relative to controls.
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Collection Site– Does behavior change with collection site?
• When exposed to hypoxic bottom waters, copepods 

collected from Hood Canal (a seasonally hypoxic inlet) 
showed the smallest response within hypoxic waters 
(shown below), and the largest response above hypoxic 
waters.
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Difference in the average speed (mm/s) of copepods below the 
halocline in hypoxic tanks and control tanks (+/-SE), sorted by 

copepods collected from different sites (color).

Discussion & Implications
• In 90-minute experiments designed to test how copepods would modify normal downward migrations when exposed to stressful bottom water, 

we recorded lethal and sublethal responses to hypoxia as well as sublethal responses to acidic bottom waters.
• An increase in moribundity (proxy for mortality) and an upward shift in the vertical position of copepods could result in a decrease in overall 

abundances7, shifts in community composition due to species-specific responses to chemical stressors8, and changes in predator-prey overlap.9
• Changes in swimming speed have important energetic implications. Reducing swimming speed within stressors could be an important 

mechanism in conserving energy. However, an increase in swimming speed could be a mechanism used by copepods to avoid chemical stressors. 
• Local adaptation could be an indication of the resilience of marine organisms to chemical stresses exacerbated by climate change.
• Monitoring in situ changes in swimming speed could serve as a useful proxy of sub-lethal stress in marine systems in the future.
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