Physiological Ecology. of the Deep Sea
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Resistance Adaptations

* % unsaturated fatty
acids in membranes
increases with depth

» Adaptation to
pressure includes
maintaining correct O e o w0 s
physical state of Depth of Capture (m)
bilayer ;

Saturation Ratio

o

different species. (Figure modified after Cossins ‘nc Macdonald )

Somero 1992

What Affects Physiology?

Pressure
- 101.3 kP (1 atm.) for each 10m depth
Very low or no ambient light

Temperatures below 10°C
- Estimated deep sea has been cold for 50 million years

Increasing distance from phytoplankton food
source

- Decreasing biomass with depth
* Low Oxygen

- Oxic for at least an estimated 90 million years

Resistance Adaptations

* Adaptations that let
organisms tolerate
changes in pressure
and temperature

Planes of movement
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* Increasing pressure +
low temperature
decreases membrane
fluidity

Childress 1995

Resistance Adaptations

* Protein stability
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Resistance Adaptations

* Deep sea fauna have made of more water

* Fish with minimum depths of occurrence of
1000 m increased tissue water content from
70% to 80-90%

- Increased bouyancy

- Trade-off between behavioral or physiological
adaptations and anatomical

* Vertical migrators tend to be more like shallow
species

Capacity Adaptations

@ 1000

Fish
* Pressure affects
enzyme kinetics

* Lower metabolic rates
with depth

* But pattern is not om0
phylogenetically N Cephalopods
universal! o /

Capacity Adaptations
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General patterns:
* Pelagic fish, cephalopods, crustaceans — large declines in activity
* Pelagic gelatinous — no decline in activity
* Benthic (including vent) fauna — little to no decline in activity

Capacity Adaptations

» Capacity adaptations — biochemical adaptations
that establish the appropriate rates of metabolic
activity

- The ability of an organism to adjust its metabolic rate in

accordance to the biological, physical, and nutritional
characteristics of its environment

* Measure oxygen consumption, respiration,
metabolic cycle enzyme activities

Capacity Adaptations

* Enzyme kinetics of
shallow water
adapted species
respond to pressure

K of NADH (uM)

* Whereas deep sea
adapted species are
insensitive to
pressure

m Dahlhoff

Capacity Adaptations

» Can lower metabolic rate be due to
temperature?
- No, patterns holds in isothermal waters off Antarctica
* Does pressure reduce enzyme efficiencies and
limit metabolic rates?

- No, gelatinous pelagic species and benthic species show
little to no decline in enzyme efficiencies

 Are lower metabolic rates an adaptation to
lower oxygen?



Capacity Adaptations

- * Lower metabolic rates of
2 deep fishes & crustaceans
R — are adaptive for survival in
g the oxygen minimum layer,
but it is not a specific
adaptations to low oxygen.

; . P Populations adapted to

different oxygen regimes
have same metabolic rates

@l 0, partial pressure and
viduals of the lophcgastrid

not significantly differer
sition (ANCOVA; P < 0.000
10). The metatolic rates of the two groups are not signiicantly difier-
ent at p0; values above the pC's.

Childress 1995

Capacity Adaptations

@ Squids, fish ® Gelata
10 ~——_market squid
Te——

cods.

» Metabolic rate
scales to body size

deepes . .
g * Metabolic rate is
comparable across

taxa and types

“.deep-:
Toha

deep-sea

vampite squid

« Benthic taxa have
similar metabolic
rates as pelagic an
shallow taxa

10 102 10% 104

« Differences can't
be explained by
food limitation alone

echinoderms

Seibel &
Drazen 2007

Capacity Adaptations

What patterns of metabolic rates can we find?

* Metabolic rates stop declining around 800 m,
yet food supply continues declining

« Gelatinous animals have 100 fold lower
metabolic rates than bathypelagic fish
- May be already at limit of metabolic rate

* Unsighted animals do not appear to show a
strong decline in metabolic rate with depth

Capacity Adaptations
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Capacity Adaptations

Further evidence against nutrient limitation
hypothesis:

Hydrothermal vent fauna have high biomass but
not high metabolic rates

No correlation of difference in metabolic rates
with differences in surface productivity

Metabolic rates of gelatinous fauna to not
decrease with depth

Visual Interactions Hypothesis

Recognize that metabolism is a cost to the
organism

Lower metabolic rates = increased energy
savings

Paradox: Why are their animals in food poor
environments if they are food limited?

Food limitation implies a need for higher
capacity of locomotion and metabolism hence
more energy expenditure




Visual Interactions Hypothesis

* “In the absence of light, the distances over
which predators and prey interact are reduced
resulting in relaxed selection pressure for rapid
locomotory capacity for pursuit and evasion”

- Siebel & Drazen 2007
* Light influences predator-prey interactions
— locomotor capability

Metabolic Rates

Food for thought

» Most work is done on Fish, Cephalopods, some
Gelata and some Crustaceans

- What about echinoderms? What patterns do we see in
sessile fauna? Any differentiation between larval and
adults forms?

e The “burglar alarm” effect
* Lower metabolic rates are functionally adaptive

and not necessary evolutionary adaptations to
lower food availability

Fish, Cephalopods,

Visual Interactions Hypothesis

* Metabolic rate
decline with depth
only strongly seen in
taxa with image
forming eyes

« Explains the trade-
off between efficiency
and speed in
midwater fish and
squids

« Strong association
between image-
forming eyes and
activity level



