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FARMING AN ALL-FEMALE
FLOUNDER POPULATION

Southern flounder is an economically important edible fish, but
farming of this species has not yet been perfected. In fact, fish farms
are heavily reliant on capturing new fish from the wild each year

for breeding purposes. However, wild populations are in decline
due to changing environmental conditions and over-exploitation,
which presents a real challenge to the sustainable production of this

species. Dr Todd Sink and Dr Elizabeth Silvy at Texas A&M University

are developing new methods to move away from the use of wild fish,

Farming Southern Flounder

Commonly served in restaurants and
sold at fish markets, the Southern
flounderis a quirky looking flatfish, with
both eyes on one side of its head. This
species is able to tolerate a wide range
of environmental conditions, including
varying water temperatures and
salinities, making it a strong candidate
for fish farming. However, there is
currently a desire to develop new and
improved farming techniques, as today’s
methods involve collecting semen from
wild-caught fish to successfully spawn
captive larvae, in order to sustain the
population.

The process of collecting semen from
males, called strip spawning, frequently
results in losses from stress, injury, and
infections. Males are also quite small
compared to female flounder, and
females will often attack or even eat the
males, which have no means of escape
in culture tanks. As a result, new males

need to be captured for breeding each
year while the same females can be
used for several years. This reliance on
wild breeding stock and the smaller
size of the males, which may never

by creating a sustainable captive breeding stock.

reach a marketable-weight, significantly
limits Southern flounder farming

(or ‘aquaculture’), and large-scale
operations are not yet a reality.

Increasing demand for these fish and
rising ocean temperatures that favour
the development of males also put
pressure on wild populations, resulting
in declines in Southern flounder
numbers, further increasing the need
for aquaculture. To address this growing
problem, Dr Todd Sink and Dr Elizabeth
Silvy at Texas A&M AgriLife Extension
Service at Texas A&M University are
currently working to produce an all-
female flounder population. Within such
a population, the sex of some of these
females can be altered, allowing them
to breed with other females, removing
the need for wild-caught males and
eliminating culture issues associated
small males that may not reach a
marketable-size.

The research team has a strong track
record of improving techniques

and protocols for the production of
various species on a commercial scale,
and is taking a leading role in stock
enhancement of Southern flounder.
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Creating an All-Female Population

When fish are farmed under unnatural
conditions, the population’s gender
ratio can become skewed due to a
single factor. In Southern flounder,
gender is influenced by genetics,
temperatures during development,
and levels of stress and hormones, with
water temperature being the strongest
influencer. During development, higher
or lower temperatures will result in

a higher number of the smaller, less
valuable males, while an optimal
temperature of 23°C results in more
females. However, maintaining this
optimum temperature is difficult in a
large-scale hatchery.



Cold shock treatment, by contrast, produced a lower number
of fertilised eggs and a lower number of larvae, making it much
less suitable for this purpose.

From these findings, Dr Sink recommends using pressure shock
treatment to produce female clones. Although this process

is somewhat costly and time consuming, an aquaculture
producer would only need to do it once, producing 30 to 40
juveniles for the next step.

Making Males out of Females

As male flounder rarely reach a marketable size, it is beneficial
to have an all-female culture population, which also serves to
resolve the gender bias caused by unfavourable temperatures.

However, continuously cloning the same population does not

Creating genetic clones of female fish could resolve this. allow aquaculture producers to genetically improve their stock.

To create such clones, Dr Sink and Dr Silvy applied both

cold shock treatments and pressure shock treatments to To address this, Dr Sink and Dr Silvy propose changing the

fish eggs. The team used semen that had been treated with sex of a number of cloned female fish, so that they can

ultraviolet radiation to activate the fertilisation process without reproduce with other females. In this way, desirable traits,

contributing any male DNA to the embryo, resulting in a clone such as marketable size, fast growth, or disease resistance,

of the mother. For the cold shock treatment, they put some can be picked out of the population, and specific females

of these fertilised’ eggs in a water bath at 0°C for 45 minutes, bred together. Similarly, those with less desirable traits,

and, for the pressure shock treatment, they placed eggs into a such as genetic defects, can be discarded from the breeding

chamber and applied high pressure for 6 minutes. population, allowing for the overall improvement of Southern
flounder stock.

Pressure shock treatment was the most biologically viable

method of producing clones, with an embryo survival rate of Changing the sex - or ‘sex reversal’ - involves exposing the
5.75%, even 58 days after hatching. This might seem like a low newly hatched larvae to a male hormone, such as testosterone,
number; however, flounder invest very little in individual eggs, so that instead of developing ovaries and eventually eggs,
producing up to 5 million eggs per female during a spawning the female develops testes and produces semen. This is an
season, with only a small percentage surviving metamorphosis effective method and has already been refined in a number of
to become juveniles. Given this strategy, even 5.75% survival species used in aquaculture.

can result in more than a quarter of a million juveniles.
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The resulting fish are still genetically
female, but are functionally male

and can reproduce with the natural
females to create all-female offspring.
This allows for the mixing of genetics
from different individuals to obtain the
best genetic traits, but yet still produce
all-female populations that improve
production efficiency.

The research team is working to
improve Southern flounder culture
using this method of sex reversal,
towards the creation of an all-female
population that can be sustained.

This project shows great potential for
supporting the seafood and fishing
industries. Development of Southern
flounder aquaculture using cloning and
sex reversal will promote jobs within
hatcheries as well as commercial and
recreational fishing, both of which are
very large, economically important
industries in the US. Furthermore, since
males have a high production cost

but low marketability, this project has
the potential to economically improve
flounder aquaculture and lower expense
for the consumer.

Replenishing Threatened Wild Stocks

Aquaculture provides a sustainable
source of fresh seafood, removing

pressure from wild stocks. To increase
wild stock further, many state and
federal natural resource agencies also
conduct stock enhancement programs,
where larvae are grown in culture and
then released into the wild to combat
population declines that occur due to
over-fishing or habitat loss.

The Texas Parks and Wildlife
Department’s stock enhancement
program has released more than 115
million red drum fingerlings in bays and
estuaries all around Texas to prevent
further population declines. Their work
alone proves that this is a viable way

of restoring fish stocks to their formerly
sustainable levels.

Southern flounder stocks are currently
in decline, with a 30% decrease
observed in Texas over the last 15 years,
and they are listed as ‘Near Threatened’
on the IUCN Red List of Threatened
Species. Despite the management
strategies already in place, thereis a
need to find new methods of restoring
flounder fisheries and enhancing wild
populations.

Using the techniques proposed by

Drs Sink and Silvy, mass quantities

of female flounder can be produced,
which could greatly benefit stock
enhancement programs by introducing

more females to the wild. Stocking
female flounder makes the largest
impact on the population, because
each female can produce millions

of eggs and larvae over her lifetime,
adding significantly to the population,
but stocking with a male only increases
the population by one. It only takes

a single wild male to reproduce with
multiple females, so stocking all female
populations has the potential to make a
significant increase in wild populations
and could even double the current
impact of stock enhancement.

Beyond Southern Flounder Farming

As advancements such as these
continue to develop in the aquaculture
industry, it will become possible to farm
greater quantities of fish in a sustainable
manner, allowing us to move away from
fishing threatened wild populations. Dr
Sink and Dr Silvy’s work confirms both
the economic and the environmental
sustainability of Southern flounderas a
species for fish farming.

The team’s results will be made
available to both private and
governmental farms, allowing for the
development of better techniques
and protocols. This will encourage
more efficient production of Southern
flounder in the future, without the
reliance on wild-caught males. The
findings will also be applied to the
development of techniques for other
species, including cobia - another
commercially important edible fish.

The findings could prove very profitable
on a large scale. Currently in the US,
approximately 11% of livelihoods are
dependent on the fishery and fish
farming industries. If techniques such as
those proposed by Dr Sink and Dr Silvy
continue to be explored, there is the
real potential for the expansion of these
industries. New jobs at all skill levels
will be generated, producing economic
benefits for the country as a whole.
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