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Fig. 1. Male mudminnouw.

The qulf killifish (Fundulus grandis),
known in Texas as the mudfish or mud
minnow and in Alabama as the bullmin .-
now, is a highly desired live baitfish for
saltwater fishing. While most effective
and consequently most desited for
flounder, it is used successfully for all
major sportfish, especially in areas
where live bait shrimp are not readily
available.

Growing numbers of fishermen and
greater awareness of this bait have
caused an increase in demand. This,
coupled with an erratic and declining
supply of wild-caught mudminnows,
provides an opportune environment for
culture of this fish with considerable pro-
fit mangins.”

General
Characteristics

The mudminnow is an abundant
rmarsh killifish which grows up to 6 inch-
es in length. Most bait dealers want a
2.5-inch minimum length, although 3
inches or larger is preferred in some
areas. The 2.5-inch size can be reached
from egg in about four to five months,
depending on stocking rate.

The female is a uniform greenish-
silver. The male is darker with promi-
nent spotting as in the illustration (figs. 1
and 2).

In culture, spawning occurs over an
extended period, roughlg from early
March to mid-September” Egg produc-
tion peaks during March and April and,
to a lesser extent, in Jate August and
early September. it is high during cool
sumnmers, but Jow during exceptionally
hot weather. The range of salinities at
which egg production is mghest has not
been documented, but fish have spawn-
ed well anywhere from three to 20 parts
per thousand {ppt}. Eggs are laid within
mats of Spanish moss provided by the
culturist

Hatching occurs in 10 to 21 days.
Hatching time decreases with increased

Salinitivs of five to 40 ppt are favorable
for hatching and for survival and growth
of fry. Slghthy lower and higher salinities
are probably acceptable but have not
been tested. Hatching of egygs and
growth of fry are reduced at and above
60 ppt, and both survival and growth of
fry are reduced in freshwater

Fry can be reared on a variety of
foods. They accept inexpensive and
readily available agricultural by-
products such as cottonseed mea! and
wheat shorts.’

They also consume natural foods,
such as zooplankton, aqualic worms
and insect larvae, These natural foods
either feed directly upon bacteria and
planktonic algae {green water} or on
animals that eat them. Green water is
produced by fertilization. Uneaten feed
and waste products of the fish increase
bacteria and algae.

The hardiness of these fish is another
desirable characteristic. No mortality of
young fish or broodstock was found in
ponds where salinities measured less
than one ppt, where there was virtually
no dissolved oxygen on many morn-
ings, or where water temperatures were

Fig.

Fig. 2. Female mudminnow.
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low (45°F) or extremely high (95°F).
Fishermen appreciate the mudminnow’s
wide tolerance to conditions in a bait
bucket and their durability on a hook,
as compared to the less hardy bait
shrimp.

Spawning

The recommended culture technique
consists of stocking 6,000 brood fish
{4.000 females and 2,000 males, all2 to
3 inches in length) per half-acre pond
before the early March to mid-
September spawning season. Brood-
stock should be fed 5 percent of their
body weight daily with either minnow
meal, floating catfish pellets or agricul-
tural by-products.

Spawning mats should consist of
about two pounds of cured Spanish
moss sandwiched 2 to 3 inches thick
between 2-foot by 3-foot sheets of plas-
tic coated wire (15 gauge, 2 x 2 inch
mesh) {fig. 3). Mats of pig bristle also
show promise with lower cost and
maintenance than mats of Spanish
Moss.

These mats should be evenly distrib-
uted around the water’s upwind edge at

spauning mat. The mat is
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Fig. 4. Mats are distributed evenly on the upwind edge of the pond to avoid
collection of silt and debris on the mats.

arate of 25 per half-acre pond (fig. 4}. It
would be best to evenly space mats
around the entire perimeter of the pond.
In windy conditons, however sill and
debris can collect on the mats on the
downwind side of the pond. smothering
the egas.

Mats should be covered with water
and elevated at least 3 inches off the
boftorn, to enable spawning under the
mat and prevent mudding of the mar. In
aur studies, the eggs were most abun-
dant on the barely submerged shore
edge of mats.

A given mat is left in the brood pond
for one 10 seven days. depending on the
rate of egg deposition. It is then trans-
ferred with adhering egas to a second
pond {fertilized and containing no fish)
for hatching. Eggs should be stocked in
this hatching pond within a week to
minimize size differences and thus avoid
cannabalisrn. If the eggs were left to
hatch in the brood pond. most voung
fish wouid be eaten by their parents.

A given mat should be transferred to
the hatching pond when it has 1,000 to
2,000 eggs. The number of eggs on a
spawning mat may be estimated by
counting the eggs within 10 randomiy
selected wire squares representing vari-
ous parts of a mat. Multiply the average
number of eqgs per square by the num-
ber of squares per mat.

Hatching rates usually range from 50
to 80 percent, depending on egg densi-
ty on the spawning mats. silt on the
mats and oxygen levels in the pond.
Greatest success will be achieved by
transferring no more than 2,000 egas
per mat, keeping mats clean and main-
taining dissolved oxygen above five
parts per mitlion in brood ponds and

during incubation in hatch-and growout
ponds. To avoid overgrowth of mats by
algae, brood ponds shiould not be fer-
tilized.

Two-Pond Svstem

In the hatch-and-growout {two-pond}
systerm, mats of eggs are stocked into a
pond and the hatched fish left to qrow
until of marketable size (fig. 5).

The desired stocking rate for a hatch-
and-growout pond is appraximately
80,000 fry per half-acre. Assuming an
egg density of 2.000 eqgs per mat and a
hatching rate of 80 percent, it would
take 50 mats per half-acre pond to
reach this stocking rate. Along the Texas
coast. fry stocked at this density in
March should produce fish of commer
cial size for the start of fall flounder
season.

Growth rates increase with lower
numbers of fry per pond. Thus, less
than 80,000 fry should vield fish of 2.5

ta 3 inches in lengrh for semmer harvest
ar fish longer than 3 inches for fall har-
vest.”

When hatching success s higher than
anticipated and the growth rate of the
heavily-stacked fish: appears low, excess
voung can be seined and cither sold to a
less fortunate producer or used to stock
another pond. Under good culure con-
ditions, a half-acre growout pond can be
expected to produce a mid-July to Au-
gust crop and a late fall to spring crop
totalling as mamy as 160,000 fish,

Thyee-Pond Sysfom

The three-phase system is another
method of mudminnow cultare and re
guires three ponds — one for spawning.
ancther for hatching eggs and raising
fry, and a third for growout ifig 6}

The advantages of a three-pond sis-
tern are (1) knowing the number of fry
stocked, which makes calculations of
amount of feed to use more precise. and
{2) ensuring uniform stocking rates. Dhs-
advantages are (1) the need for a set of
ponds used only for haxching and 2}
the transferring of fry, which increases
both labor cost and mortality of fry dur-
ing their harvest and stocking.

I this technique as many as 1.5 mil-
lion egas per acre are stocked into hatch
ponds one-half acre or smaller Fry
should be fed powdered minnow meal
several times datly, distributed along the
pond margins. Fertilization will aid fry
growth by providing natural food.

When fry reach about one-half inch
in length, they may be transfemred into
the growout ponds at 160,000 per acre
by seining and draining the hatch
ponds. A sample of fry should be
weighed and the number counted to
determine the number of fry per pound.
which can then be used in obtaining the
correct weight of fry to stock.
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Fig. 5. The two-pord system.
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Fig. 6. The three-pond system,
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A combination of the tweo pond and
three-pond systems is recormnmended for
maxirnum production (fig 7} Hatching
poads could provide fry to bring under-
stocked hateh-and-growout ponds up to
desired stocking rates and 1o restock
harvested ponds with head-started fish

In addirion, fish can be left crowded in
a hatching pond for several months and
he used to restock ponds after the end
of the spawning season in Septernber
Af restacking. the largest individuals can
he graded out with a minnow grader
and either sold as bait or saved as
broodstock in search of a strain which
grows fast under crowded conditions.

Feeding and Fertilization

Providing “green water”™ by fertliza-
tion has the advantages of {1} yielding
more even growth rates, (2) reguiring
less labor than feeding, and (3} shading
out submerged vegetation.

In recent experiments, mudminnosws
{stocked at 33.000) per guarter acre clay
pond] receiving only fertilizer grew as
fast as and more uniformily than those
receiving minnow meal at 3 pement
body weight”’ Commercial-sized fish
(2.5 inches) were produced in 120 to
140 days from hatching.

FEach fertilized pond received 40
pounds per acre of 12-12-12 fertilizer at
approximately one-week intervals.
These intervals were adjusted as re-
quired to maintain a 12-inch Secchi disk
transparency. That is. a density of mi-
croscopic plankton (which gives water a
green or brown color} was encouraged
with {pfﬁtiver sufficient to obsure an ob-
ject such as a Secchi d1sk {figs. Band 9)
at a depth of 12 inches.!

A Secchi disk is simply a 6-inch
diameter wood or plastic disk painted
with alternating black and white quad-
rants and attached to 2 marked pole or
string. Secchi disk readings of less than
12 inches indicate an excess plankton

withheld until Secchi disk readings again
exceed 12 inches.

Disappearance of a Secchi disk just
under the surface indicates an over-
abundance of plarkton, which can iead
1o plankton die-off and subsequent oxy-
gen shortage. Exchanging water may be
necessary o thin tese dense blooms. |
4] pounds per acre of fertifizer does nof
produce sufficient plankton to obscure a
Secchi disk at 12 inches. doubling or
tripling of the fertlization rate will be
required depending on water clariy

At stocking rates above 33000 fry
per quarter acre ‘rates higher than pre-
sently tested in ponds receiving only
ferdlizer but recommended for efficient
production] or with infertile water. natu-
ral foods produced by fertilization might
be insufficient for good growth rates. It
may be necessary 1o add supplemental
feeds. such as minnow meal or a 50:50
mix of wheat shorts and cottonseed
meal to the 3 to 5 percent body weight
per day.

The estimated weight of fish in a pond
can be determined by weighing 100
fish, calculating their average weight,
and multiplying this by the estimated
number of fish in a pond™ The es
timated weight of fish in the pond is
multiplied by either 3 or 5 percent to
determine the daily feeding rate.

The feeding rate should be adjusted
at least every two weeks. Check food
consumption by placing a tray on the
pond bottorn, Observe the feed that
falls on it when the fish are fed 10 seeif it

is quickly consumed or if some is left to
dacay

Harvesting and
Temporary Holding
Marketable fish can be harvested as
needed, preferably with minnow traps
baited with cracked crabs or with a
seine. They should not be fed for a day
prior to harvest. This will clear their guts

to avoid fouling transport water and
make them easier to trap. Wrapping the
cracked crab in fine mesh will prevent
trapped fish from filling their gut and
prolong the use of the crab as bait

Fish may be sold individualty, or by
the pound. They are either sold at the
facility or transported to bait camps.
When too few fish are left for efficient
frapping or seining, drain the pond and
harvest them in a catch basin at the
deep end of the pond or in a cage
attached to the discharge end of the
drain pipe. Sufficient fish should be re-
tained and kept over winter for use as
broodstock next vear,

Care must be taken in handling fish
after harvest. They will become stressed
and die if overheated or shorted on
axygen. Keep them shaded and agitate
the water Become familiar with how to
wransport live fish.” Rough handling and
contact with dry surfaces will injure and
eventually kill the fish.

Fig. 8. Secchi disk.

Fig. 9. Obscured secchi disk



Fecal material and food in the water
should be minimized. Mortality rates in-
crease when fish are held in fouled water.
Therefore, it may be necessary to occa-
sicnally exchange the holding water.

Bait dealers hold mudminnows for a
minimum time before sale to the fisher-
men. They prefer to buy fish on Friday
for weekend sales, Fish both caught and
taken to the bait dealer on Friday
should not be fed on Friday. The water
in the hauling tank should be clean
when the fish are loaded and the haul
ing water discarded at delivery

Fish caught several days before sale
may be fed sparingly to maintain their
condition and kept in either cages in a
pond or in an aerated tank with water
exchange. When a recirculating system
is used. a large well-planned filter is
needed for water treatment.”® Fish to be
hauled long distances should have their
guts emptied prior to loading into haul-
ing tanks. and they should not be fed
during transport to minimize water
fouling.

In addition to ponds for spawning,
hatching and growout, provisions for
holding ponds should be incorporated
in the original farm design (fig. 10). If
fish reach the desired size without being
sold. they can be transierred to tempo-
rary holding ponds so that the next crop
can be stocked. Feed the fish in the
holding ponds at 2 to 3 percent body
weight daily. Should they lose weight,
increase the feeding rate slightly

This technique of stockpiling fish also
can help buffer production schedules
from inevitable market fluctuations and
help meet anticipated peak demands.

Fig. 10. Pro
mudminnot farm design.

For example. ponds of marketable fish
from the spring stocking can be com-
bined at high density for peak sales
during the fall flounder season. In the
same manner. fish frorm the fall stocking
can be held over winter to supply the
spring and summer market.

Be aware that when water tempera-
tures fall below 20 degrees Celsius
(68°F}. fish will feed less and need to be
fed only two to three times per wezk.

Management Considerations

Although a few problems in raising
mudminnows have been noted, carefu]
management can overcome these ob-
stacles.

One problem is that brood fish will
sometimes consume eggs before the
spawning mats are transferred to a
hatching pond. This predation results in
a reduced yield of eggs per brood
female. Changing mats frequently
should increase the egg harvest.

Other factors reducing egg hatching
are smothering by silt and algae and
fungal infections spread from dead to
living eggs. Future research may indi-
cate that out-of-water incubation of
eggs on damp spawning mats (air has
30-50 times higher density of oxygen
than water) is desirable to eliminate silt-
ing. algal overgrowth and fungus.

Anaother problem is contamination by
other species. The sheepshead minnow,
Cyprinodon variegatus, can seriously
contaminate ponds and outcompete
mudminnows for food and space. They
also can injure and kill mudminnows
when held together following harvest,
Contamination typically occurs through

visions for holding ponds or tanks should be incorporated into the

inadequate filtration of incoming pond
water or by inadvertent stocking.

Careful sorting of fish at stocking and
thorough filtration of incoming water are
necessary to prevent the entry of these
small killifish. Ponds already con-
taminated by sheepshead minnows
should be drained and dried to kill
adults, refilled for one to two weeks to
allow remaining sheepshead eggs to
hatch, and then drained and dried
again,

Air-breathing predacious insects {bee-
tles, back swimmers, etc.} should be
controlled when fish are small. Mix a 1:8
ratic of motor oil to diesel fuel and apply
two gallons per acre, allowing it to
spread over the pond surface. Fill low-
salinity ponds (5 ppt or less) just prior to
stocking mudminnow eggs to minimize
the presence of damselfly and dragon
fly larvae which eat small fry. Oil does
not kill these predacious insect larvae.

Mudminnows are relatively resistant
to disease even under adverse environ-
mental conditions. However. one Texas
mudminnow farmer lost all fish in a
pond in which the water turned acid.

The Claude Peteet Mariculture Labo-
ratory® has documented parasitic, bac-
terial, and viral infections of mudmin-
nows, but infections were severe
enough to warrant treatment on only
two occasicns during six years of cul-
ture. [n our studies. the only disease
which was observed to cause mortality
of mudminnows is a bacterial pathogen
which primarily affects large fish.

Prevention, therefore. is the most ef-
fective disease management tool. Keep
only young vigorous broodstock, and
sell broodstock at the end of each
spawning season. Maintain adequate
nutrition through recommended plank-
ton densities or feeding rates. Exchange
water and use aeration in heavily stock-
ed ponds.

If filamentous algae or other submerg-
ed vegetation covers the bottom and
causes the water to clear, apply chemi-
cal herbicides or drain and dry the
pond. When the ponds are first filled
with water, striped mullet {Mugi!
cephalus)can be stocked at about 50
per acre to control filamentous algae.

Farm Size
and Location

It is estimated that 60 acres of well-
managed ponds would have supplied
the 1982 potential market in East Texas.
And up to 100 acres would supply the
entire Texas market.

Farms with less than five to 10 sur-
face acres become inefficient because a



Fig. 11. The pond

high percentage of the area is requirecd
for egq production. To stock a half acre
pond with 100,000 eqgs within a week
ot tess would require one to 1 1.2 acres
of spawning ponds (fig. 11). Additional
ponds ate needed for ternporary hold-
ing of market size fish (ane to two acres)
and for broodstock rearing {one-half to
one acre).

Consequently, farmers with less than
five acres of ponds should consider
cither producing eggs and fry for sale to
growout operations or buying egas and
fry for arowout. The percentage of a
farm's pond area required for eqqg pro-
duction could be reduced if recovery of
spawned eqags could be improved or if
eays are stored out of water on damp
spawning mats to delay their hatching
until sufficient eags are collected to fully
stock a pond.

Choosing a good site is very impor-
tant. Land should have soil with enough
clay to avoid seepage, and ponds
should be constructed to be fully drain-
able.

Avoid acid or iron pyrite-containing
§oils. When your soil s acid, mix lime
into the pond bottom. if the pH of pond
water falls below seven, either fine lime
must be added or pond water replaced
wiih water of adequate pH. Green water
also will increase pH, while feeding de-
creases pH,

. Contact your county marine exten-
sion agent and local Soil Conservation
Service personnel for advice on testing
soils, pond construction tips and main-
taining water quality,

Permits will be required before pond

qyoLd of a mudminnoly culture operation near Anahwis, fexas.

construction is begun The U5, Army
Corps of Engineers, U.5. Fish and Wild.
life Service, and state agencies should
be consulted (in Texas contact the Texas
Parks and Wildiife Department and Tex

as Water Comrmission).

Pumping water from a saltwater weil
will avoid many permitting and filtration
problems associated with pumping di-
rectly from a bay, but the quality of the
well water should be evaluated before
construction. Any site with a wetlands
designation, 2 feet or less above mean
sea level high tide, wili make commer-
cial permitting practically impossible.

Market
Seasonal demand and markets must
be carefully considered. For example,

along the eastern part of the Texas
Coast, mudminnows are used year
around where bait shrimp generally are
unavailable In other areas demand is
low in the winter and spring. increases
in July and August when bait shrimp are
unavailable, and is high during the Sep-
tember to November flounder mun
When either heavy rains or strong on
shore winds flood the marshes, wild-
caught fish are not available and only
pond raised fish can supply the market.

Mudminnows are used for bait out-
side of Texas, along much of the north-
ern Gulf coast” from New Orleans, LA
to Pensacola, FL. A similar species is
used along the Atlantic seaboard. These
areas are all potential markets for farm-
raised fish.

Fig. 12. The Téxas record mudminmow caught May 20. 1 985 measures 6's inches..
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