
 

Scientists improve predictions of how
temperature affects the survival of fish
embryos
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Winter-run Chinook salmon embryos (like the ones shown above) hatch from
their egg capsules after more than a month-long development period buried in
gravel nests. After hatching they spend another month or longer as alevins,
buried under gravel continuing to grow by feeding off the energy stored in their
yolk sacs until finally they emerge from the gravel as fry. Salmon are especially
vulnerable to elevated temperatures during their embryonic stages. Credit:
Douglas Killam, Calif. Department of Fish and Wildlife.
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Scientists closely tracking the survival of endangered Sacramento River
salmon faced a puzzle: the same high temperatures that salmon eggs
survived in the laboratory appeared to kill many of the eggs in the river.

Now the scientists from NOAA Fisheries and the University of
California at Santa Cruz have resolved the puzzle, realizing new insights
into how egg size and water flow affect the survival of egg-laying fish.
The larger the eggs, they found, the greater the water flow they need to
supply them with oxygen and carry away waste.

The results of the study were published in the scientific journal Ecology
Letters. NOAA Fisheries is using the findings to improve protection of
fish in the Sacramento River.

"Our model, based on a literature search of laboratory studies, predicted
that temperatures in the upper Sacramento River since 1996 almost
never got warm enough to cause mortality of salmon embryos," said
Benjamin Martin, NOAA Fisheries researcher and lead author of the
study. "But data from field studies in the Sacramento River indicated
that in some years, temperature-related mortality exceeded 75 percent,
for example, in 2014-2015."

Scientists often use laboratory studies to estimate how species will
respond to elevated temperatures. The results from this study reveal that
fish may respond to temperature differently in the field than in the lab.
Understanding the causes for this difference may help researchers
improve their predictions of how temperature affects fish eggs across
different environments. "We wanted to know why these salmon eggs
have a much lower thermal tolerance in the field compared to the lab,"
said Martin. "We hypothesized that the reason salmon eggs die in the
river is because they don't get enough oxygen."

External temperatures govern the biological processes of salmon eggs
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and the embryos inside. As the water gets warmer their metabolism
increases, demanding more and more oxygen. Unlike juvenile and adult
fish, eggs cannot move and don't have a developed respiratory or
circulatory system. Instead they rely on flowing water to supply oxygen
and carry away waste products.Winter-run Chinook salmon are
especially challenged when it comes to warmer water temperatures
because their eggs are atypically large and require more oxygen
exchange. Their egg size evolved to take advantage of cold water above
Shasta Dam where they once spawned. However, the salmon now spawn
in the warmer Sacramento River below the dam.

After further analysis of field data, scientists found a fundamental
difference between conditions in the laboratory and conditions that
effect eggs in the wild.
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Water flowing over a gravel riffle in the Sacramento River. Credit: NOAA
Fisheries

Laboratory studies estimating the temperature tolerance of the Chinook
eggs are generally conducted with water flowing over the eggs about two
to three times faster than salmon eggs typically experience in the wild,
where eggs are buried deep in their gravel nests. The faster moving water
provides more oxygen to the eggs in the laboratory, allowing them to
survive higher temperatures.

The researchers borrowed concepts from physics to develop a model to
determine how much oxygen flowing water can supply to fish eggs,
depending on its velocity. The model predicted that the slower flowing
water in the river would not supply the oxygen needed for egg viability
in elevated temperature conditions. Field studies found that the slower
flow in the river equated to about a 3 ºC difference in the temperature
tolerance of eggs, exactly what the model predicted.

This new model also provides an explanation for why fish species
produce larger eggs in colder water. In general, the oxygen demand of
eggs is proportional to their volume, while oxygen supply is proportional
to the surface area of the egg, where the oxygen diffuses into the egg
from the surrounding water. The surface area to volume ratio of an egg
decreases with increasing egg size, which sets a limit on how large eggs
can be and still get enough oxygen to survive. Since oxygen demand
increases with temperature, fish species in warm water must make
smaller eggs to match oxygen demand with supply. However this model
also predicts that fish can produce larger eggs in warm waters when they
are in high flow environments.
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The researchers compiled data on 180 fish species and found that eggs in
high flow environments, such as rivers, consistently produce larger eggs
than expected for a given temperature. Some fish have even adapted to
produce larger eggs in warm waters by using their tail to fan water over
their eggs, which comes with a significant cost in terms of energy, time
and risk of predation.

One important implication of this model is that warming conditions and
declines in oxygen levels in aquatic systems may create evolutionary
pressure for fish to produce smaller eggs in the future.

NOAA Fisheries has incorporated the new findings into agency guidance
regarding the temperatures needed to support endangered Chinook
salmon in the Sacramento River.

"This science helps us understand how seemingly small changes in river
conditions can make a big difference for the salmon we're trying to
protect," said Maria Rea protect," said Maria Rea, Assistant Regional
Administrator for the California Central Valley Office. "This is a
reminder that as much as we can learn in the laboratory, we have to
always check that against what we see in the wild."

  More information: Benjamin T. Martin et al. Phenomenological vs.
biophysical models of thermal stress in aquatic eggs, Ecology Letters
(2016). DOI: 10.1111/ele.12705
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