
 

Warmer water linked to higher proportion of
male flounder
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A juvenile southern flounder from Mill Creek in the southern region of a recent
North Carolina State University study. Credit: North Carolina State University

If southern flounder live in warmer water during a critical window of
early development, a higher percentage become male—more than 90
percent in some cases—research from North Carolina State University
found. Having a high proportion of adult males over the long term could
threaten both wild populations and the valuable commercial fishing
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industry, which depends on larger female flounder.

Field research and lab experiments showed that a four-degree Celsius
difference in average water temperature during juvenile development
shifted the male-female ratio from about 50-50 to as much as 94-6, says
Jamie Honeycutt, an NC State postdoctoral researcher and lead author of
an article about the research in Scientific Reports. That difference is
within the range of expected ocean temperature increases under climate
change models.

Environmental factors such as water temperature influence sex
determination in southern flounder, as well as in other fish and reptiles,
Honeycutt explains. Flounder stick to shallow waters that serve as
nurseries until after they become male or a female, hanging around
estuaries until reaching maturity before returning to the ocean to spawn
at about age 2.

"We think that southern flounder have a genetic sex-determining system
similar to humans, who have two X chromosomes for a female and an X
and a Y for a male. In flounder, if an individual is a genetic male, it is
destined to be male," Honeycutt says. "However, if a genetic female is
exposed to temperature extremes, then it can develop as a functioning
male."

Environmental sex determination could allow flounder to do better under
adverse conditions by producing more males, which are smaller and use
fewer resources. But if the male bias persists in adult flounder, that
could be bad news for wild populations and commercial and recreational
fishing.

"Flounder fisheries are really totally dependent on females because
males rarely make it to catch and market sizes," Honeycutt says.
"Whenever you're eating a flounder in a restaurant, it is almost always a
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female flounder. So, the concern is that if populations are masculinized
there will be fewer females to produce new flounder, further stressing
this female-dependent fishery."

From 2014 to 2017, researchers monitored spring and summer water
temperatures in three regions: along Pamlico Sound (the northern
region), the Neuse River (an intermediate zone) and Mill Creek (the
southern region).

Sites in the northern region, where the average water temperature was 23
degrees Celsius, produced the greatest proportion of female flounder,
closest to an even number of males and females. Those in the southern
region, where the average water temperature was 27 degrees Celsius, had
up to 94 percent male flounder. Proportions in the intermediate zone fell
in between, showing a temperature gradient from north to south.

Because of the small size of juvenile flounder, scientists used a
molecular biomarker developed from previous NC State research to
determine sex. A follow-up experiment duplicated those conditions in
tanks.

"What we wanted to do was mimic those temperature profiles in the
laboratory when everything else was held constant to see if we could
produce similar sex ratios," Honeycutt says. "And that's exactly what we
found."

Researchers were not able to track flounder through the life cycle in the
wild to confirm that the biased sex ratios persist.

"One thing we can't say is exactly how this translates into changes in the
adult population, because flounder move around a lot following juvenile
development," says co-author John Godwin, an NC State biological
sciences professor. "However, the southern flounder fishery has been
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listed in 'concerned' status for many years, so anything we can do to
improve management tools and help it recover will be valuable."

Southern flounder is North Carolina's most valuable finfish, and it and 
related species are important coastal species in the Atlantic and Pacific,
says co-author Russell Borski, an NC State biological sciences professor.

"We want to track the southern flounder population along the north-
south gradient across the Southeast United States to see what's happening
to the entire population, in Georgia and South Carolina versus North
Carolina. We want to see whether the species is able to adapt to rising
water temperatures by shifting its habitat."

The study appears in Scientific Reports.

  More information: J. L. Honeycutt et al, Warmer waters masculinize
wild populations of a fish with temperature-dependent sex
determination, Scientific Reports (2019). DOI:
10.1038/s41598-019-42944-x
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