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PREFACE
This manual provides research-based information
to established and potential producers, Extension
personnel and researchers as well as others interested
in the industry. Many current baitfish producers have
decades of experience. With such an established
industry, there is now a need for comprehensive
information on raising baitfish.
A number of manuals have been written on
baitfish culture (see Sources of Information). These
include Langlois (1937), Dobie et al. (1948, 1956),
Hedges and Ball (1953), Prather et al. (1953), Forney
(1957), Flickinger (I 971), Altman and Irwin (no date)
and Guidice et al. (1981). Baitfish culture was also
reviewed by Brown and Gratzek (1980) and Davis
(I 986, I 993). Since the time of most of these publi
cations there have been numerous changes in tech
nologies, production practices and policies. This
manual is an update on culture practices to include
changes in recommendations in recent years and
owes much to these previous publications.
No attempt has been made to be all-inclusive.
Culture methods vary considerably from farm to farm
and from region to region. In 1995, the Arkansas
Agricultural Statistics Service conducted a survey of
baitfish producers on behalf of the University of
Arkansas at Pine Bluff. Survey results confirmed a
wide range in culture techniques. To a large extent
the information in this manual reflects culture
methods as practiced on commercial farms in

Arkansas. This manual incorporates research-based
recommendations to the extent possible, but relatively
little research has been conducted on baitfish.
Prophylactic and disease treatments for fish in
vats or ponds are not included in this manual.
Regrettably, rapid and often nonsensical changes in
regulations preclude publishing recommendations.
Baitfish farmers are encouraged to consult with
University Cooperative Extension diagnostic labora
tories or other knowledgeable fish health profes
sionals in regard to treatments.
The authors thank the many baitfish producers
who have shared their valuable information and
provided assistance. We would also like to acknowl
edge the many contributions of researchers at various
institutions across the United States and Canada.
Their work on the biology, ecology, nutrition and
culture of baitfish forms the scientific basis for this
manual.
Thanks are also due to Andrew J. Mitchell of the
Stuttgart National Aquaculture Research Center for
access to fish health photographs.
We would also like to thank Dr. Carole Engle for
assistance with the economics chapter, and
Ors. Rebecca Lochmann and Engle for reviewing
(and improving) the manuscript.

INTRODUCTION
The farm-raised baitfish industry began in the
United States shortly after World War II. Baitfish
culture was promoted initially in the late 1940s by the
U.S. Fish and Wildlife Service as an alternative to the
capture of wild fish from streams and lakes. Natural
populations could no longer supply needed quantities
and there were increasing concerns over the environ
mental impact of harvesting wild fish for bait.
In recent years, a new market for small fish has
emerged. There has been an increasing demand for
small goldfish and rosy red fathead minnows as
"feeders," or food for carnivorous ornamental fish
such as Oscars.
Use of fish for bait has significant economic and
ecological consequences. Annual retail sales of bait
fish in the United States and Canada have been
estimated at $1 billion. At the same time, a concern
with wild-caught minnows is the variety of species
that potentially could be transferred to other eco
systems. Bait bucket releases have been suggested to
be a major pathway for introduction of fish species
outside their traditional ranges. The devastating
impact of the zebra mussel has also raised alarm over

the potential for spreading this pest species through
water in bait buckets. Participation of baitfish pro
ducers in efforts to educate bait users in the proper
use and disposition of baitfish can help the industry
remain economically viable and ecologically sound
for many years to come.
From a meager beginning of less than 200 acres
in 1950, the U.S. bait fish industry has grown to over
60,000 acres today. Nearly all states report some bait
fish production, but the bulk of the industry is in
Arkansas and other southern states. Arkansas baitfish
producers farmed some 29,800 acres of production
ponds (Figure I) and recorded farm-gate sales in
excess of $47 million in 1995 (Figure 2).
Many different species of fish have been used for
bait, and others may have potential for culture. This
manual provides basic information on the three major
culture species: golden shiners, goldfish and fathead
minnows. The prospective producer would be wise to
consider market outlets, the economics of production,
current industry structure and the future of baitfish
production carefully before entering this business.

Figure 1. Baitfish acreage in Arkansas from 1950 to 1995.
Sources are listed in the Appendix.
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Figure 2. Value of baitfish production in Arkansas from 1952 to 1995 (see Appendix for
sources}. Sales of feeder goldfish have increased dramatically in the last five years.
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MARKETING
Marketing is the most difficult part of the baitfish
business. As stated by Guidice et al. (1981 ), "Com
mercial baitfish production is a highly specialized and
snugly organized portion of the fish farming indus
try." Baitfish farming is extremely competitive. There
are no processors (as with food fish) or other public
wholesale outlets, and individual farms must find and
maintain markets for their own fish. Uncertainties in
sales and the complexity and intensity of farm opera
tions all act as barriers to new producers.
There are two major markets for baitfish. The
traditional market is for bait, and golden shiners and
fathead minnows are the predominant species raised.
A second market is for feeder fish, and sales of small
baitfish as feeders have increased in recent years.
Goldfish and fathead minnows, particularly the rosy
red variety, are cultured for this market. Although the
feeder market is year-round and relatively more
stable, fish must be kept small (less than 2 inches) the
entire year. This increases the management required
to culture feeder fish.

FEEDER FISH
Fish producers generally sell feeder fish by the
truckload to relatively few large distributors located
in North Carolina, New York, Alabama and Nevada.
These distributors supply and service large national
aquaria and pet store chains as well as larger indi
vidual aquarium shops. A recent trend is toward air
shipment of boxed feeder fish from the producer
directly to pet stores and other retail customers.
Sales of feeder fish should remain relatively brisk
as long as the economy is healthy and aquarium
enthusiasts continue to raise large numbers of fish
eating species. Trends in popular aquarium species
will influence demand.

Feeder fish ready for air transport.

FISH FOR BAIT
Demand for fish for bait is fickle, fluctuating
widely with the economy, the weather and the
demand for fishing. It has been said that the weather
during five weekends in the spring determines the
profitability of baitfish farming for that year. The
state of the economy influences peoples' willingness
to spend money on recreational fishing. Other factors
such as water pollution can affect fishing. For
example, sales of fishing licenses dropped by 20 per
cent in several counties in Arkansas when elevated
levels of mercury were found in sportfish.
If a producer is unable to sell all of his or her
production, the leftover fish may have little value.
Although fish can be allowed to grow for future sales,
pond space is needed for the next year's crop.
Survival of fish to a large size is low, and prices for
large fish do not merit production of large fish alone
(see chapter on Propagation Methods). For a new
business, cash flow can be a major concern if
minnow sales are slow for an extended period of
time.
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MARK E T STRUCTURE A ND CHARACTERISTICS

The natural resources of Arkansas combined with
years of culture experience and technology developed
on-farm make Arkansas a center for baitfish produc
tion. Fish are shipped from Arkansas to many other
states in the nation. The concentration of many bait
fish farms in one area allows fish live haulers to
obtain a variety of species and different sizes of
baitfish when needed. It is difficult for one isolated
baitfish operation to maintain stocks of all different
sizes of desired fish at all times.
As with other highly perishable products such as
fresh food fish, market channels for baitfish are spe
cialized and complex. Baitfish raised on a farm may
be sold directly to fishermen, to another farm which
acts as a wholesaler or to a distributor. The majority
of baitfish is sold through distributors. A distributor
hauls fish from the farms (typically the large
farm/distribution centers) to wholesale distribution
centers in other parts of the country. Distributors have
their own holding facilities and retail network in a
sales area. From these distribution points around the
country, fish are sold to retail bait shops or other
wholesale ope�ators, and then to retailers. Some
farmers have their own transport trucks and deliver
directly to wholesale outlets. Wholesalers purchase
baitfish and resell them either directly to fishermen,
to a string of retail shops or to other wholesale-level
operations.
Baitfish farmers face tremendous competition.
Wholesalers or distributors, looking for the best price,
may contact various farms and try to bid the price
down. New farms looking for market share or to
make a bank payment may be willing to sell cheaply.
However, cheap fish may come at a high price: they
may be fish that have been held in vats too long or
are of poor quality. A wholesale operation needs
healthy, well-maintained fish so that losses in haul
ing, holding and distributing are minimized, and so
that the retail store and the fisherman receive quality
bait each time. Baitfish farmers usually make up for
losses during transportation in the next load if the
losses resulted from poor condition of fish, although
arrangements vary. The development of a working
relationship between baitfish producer and distributor
is essential for the long-term benefit of both parties.
Baitfish markets are highly seasonal. In the
spring, small (I l /2 to 2 l /2 inch) baitfish are the pre
ferred bait for many crappie fishermen. During the
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summer, bass fishermen use medium-sized minnows
(3 to 4 inches), while large minnows or goldfish (4 to
5 inches) are used for trotline fishing. Even larger
baitfish (5 inches plus) are used when fishing for bass
and striped bass in the autumn months. Ice fishing
calls for medium to large baitfish, as does fall and
winter bass fishing in Florida. A producer must adjust
to these seasonal demands and provide the sizes of
fish desired by the market.
MARKETING STRATEGIES FOR
POTENTIAL PRO DUCERS

Establishing a realistic marketing plan is critical
for a potential producer. Is there sufficient demand
for baitfish in the local area? Are there local bait
shops that need additional sources of fish? The
intended size and location of an operation should be
based on anticipated markets. Familiarity with the
existing retail bait market is a critical factor.
A potential producer can enter the business by
contracting with an existing farm or distribution
center to supply fish. It is difficult for a small farm
(200 acres or less) to provide the large quantities
demanded by the wholesale market. A single hauling
truck may carry up to I 0,000 pounds of fish. A small
operation may have holding vat capacity for only a
fraction of this amount. Many smaller farms sell the
majority of their crop to one of several larger farms
that serve as distribution centers. These larger opera
tions are able to supply fish as needed by wholesalers
and distributors. A drawback to this strategy is that
when the market for bait is poor, a larger producer
will sell their own fish first. The small producer must
then hold fish for extended periods of time, possibly
outgrowing desired market sizes, or cut prices to
generate sales.
An alternative strategy for a new producer is to
start out in the distribution business, purchasing bait
fish from farms or a wholesaler and servicing bait
shops, and developing a marketing network before
beginning fish production. In established markets,
selling directly to bait shops may be difficult. Bait
shops prefer a reliable supplier who can provide the
number and sizes of minnows desired year-round.
Retail outlets may be reluctant to buy from new
sources unless they have had quality problems with
their current supplier. Bait dealers want healthy,
attractive fish that will thrive in their holding vats and
remain active in the fisherman's bait bucket.

A small farm, especially near a new fishing
reservoir, could sell directly to fishermen and thus
generate supplemental income. Baitfish can be
harvested by trap or lift net and held in cages or vats
for direct sales. Selling bait alone may not attract
sufficient business. Fishermen generally prefer to
make one stop for gas, groceries, beverages and bait.
Convenience is generally more important than price,
so location is critical for a small operation. A point of
sales near a boat ramp or marina, with plenty of park
ing for vehicles with boat trailers, has a good chance
of success.
OUTLOOK FOR BAITFISH

The future for baitfish is not without challenges.
A potential producer should examine baitfish markets
and market constraints carefully before deciding to
enter into business.
Fishing is a popular form of recreation, and live
baitfish are in demand because of their reputation as
proven game fish attractors. Even so, sales of artifi
cial lures have climbed and bass tournaments typi
cally prohibit the use of live bait. Retail sales of
minnows are another challenge. Fewer and fewer
"mom and pop" type stores that have traditionally
handled live bait are left and chain convenience stores
are less likely to sell live fish. In some areas, vending
machines for bait have been installed.
Producers of farm-raised baitfish also face stiff
competition from wild-caught fish. It is estimated that
some 40 percent of all baitfish sold are wild-caught
fish. By harvesting from public waters, vendors of
wild baitfish are able to avoid the costs associated
with culturing fish for bait. Unfortunately, competi
tion from wild fish harvested for use as bait has
placed baitfish farmers in a price/cost squeeze, where

farm expenses have increased, but prices for farm
raised baitfish have not. Low market prices and
farmer equity in existing large-scale pond facilities
have kept many producers from adopting more inten
sive production methods. If sales of wild baitfish
were ended, baitfish farmers could quickly supply
sufficient farm-raised fish to meet market demands by
increasing rates of stocking, feeding and aeration.
Potential baitfish farmers must consider the level of
competition that wild-caught fish will provide with
regard to their particular markets.
Over the past ten years the aquaculture industry
has operated under an increasing climate of regula
tions and restrictions. Inter-state transportation of live
fish has become increasingly regulated and restricted.
The number of different state and federal laws and
regulations affecting the shipment of fish pose a real
threat to the survival of baitfish farmers. In some
cases, farm-raised fish are subjected to regulations
formulated to protect wild stocks of fish. These regu
lations do not follow a legislative process. Natural
resource agencies are able to change regulations
abruptly with little or no public notice or recourse.
In addition to transportation regulations, other
measures such as intentionally unrealistic health
requirements may be imposed as trade barriers to
prevent entry of fish from outside of a state.
Regulations intended to prevent the spread of aquatic
nuisance species may also be applied to the same
end.
Fortunately, farmed-raised baitfish offer many
advantages. Farmers are able to produce fish of
known species, sizes and quality. Fish are farmed
using well water and contact with wild fish and
surface water is avoided. For these reasons, demand
for farm-raised fish is expected to remain strong.
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SPECIES AND BIOLOGY
Although many species of fish have been
proposed for use as bait, few meet the requirements
for a commercially viable bait species. A bait species
must be desirable to the fisherman, suitable for cul
ture and so widely distributed in nature that its use as
bait does not cause concern over potential ecological
consequences. For the producer, market demand,
profitability and established culture methods are para
mount. In recent years, ecological considerations
have also become increasingly important. Exotic
species considered for use as bait, such as the rudd
and the tilapia, are prohibited in most states. Even use
of native American species for bait may be restricted
if moved outside their current range.
The potential impact of the introduction of new
fish species through their use as bait is a concern of
natural resource agencies. Fish species that are
already widely distributed, such as the golden shiner
and the fathead minnow, are most likely to remain
acceptable for use as bait.

GOLDEN SHINER
(Notemigonus crysoleucas)
Thin, deep-bodied fish with small triangular
heads and large, loose, reflective scales, golden
shiners are a flashy, attractive bait. They are easily
recognized by their deeply forked tail and the high
curve of the lateral line. Young fish are dark greenish
brown on the back, with silvery sides crossed by a
dark horizontal stripe. In adults, the sides become
more golden and the fins yellowish. Female golden
shiners grow more rapidly than males after the first
year. Fish become sexually mature at one year.
Golden shiners are found from southern Canada
to northern Mexico, and across the United States.
They prefer ponds, lakes and other quiet waters, and
tolerate a broad range of temperatures, turbidities and
water quality characteristics.
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FOOD HABITS

Golden shiners are an active, schooling species
and feed at or near the water surface in nature. They
readily accept prepared feeds. Golden shiners have
small, upturned mouths so that floating feeds are pre
ferred, but they will eat sinking feeds that have fallen
to the pond bottom.
Food habit studies indicate that golden shiners
are omnivorous and will feed on a wide variety of
animals and plant material. Their predominant food is
zooplankton, such as water fleas, but they also feed
on aquatic insects, algae and occasional items such as
molluscs and small fish. Several studies have found
golden shiners with large quantities of phytoplankton
in the digestive tract, and algae can be an important
food in late summer.
How efficiently golden shiners utilize algae is
debatable. They apparently have weak enzyme
activity for digesting algae cell walls. Since algae
cells may be broken open by the pharyngeal teeth,
golden shiners can live on an algae-only diet for a
sustained period. However, the intestine of the golden
shiner is relatively short, only 0.7 to 1.2 times the
body length. Fish that feed efficiently on algae typi
cally have longer intestines.
Golden shiners will feed at relatively low water
temperatures. A study of wild golden shiners looked
at stomach contents during the winter. The majority
of fish caught under ice (at 39 degrees F) had empty
stomachs. Of the 30 percent that had eaten some
thing, a good portion of the stomach contents (40 per
cent) consisted of algae or plant material. In the
spring, when the water warmed to 46 degrees F, all
fish sampled had food in the stomach. A later sample
at 59 degrees F found all fish with food, and the aver
age weight of food present was five times the amount
found at 46 degrees F. A laboratory study found that
golden shiners held at 40 degrees F did not consume
feed. Above that temperature, food consumption
increased linearly with water temperature.

GROWTH

REPRODUCTION

Growth of golden shiners is a function of temper
ature and food availability. While fry can reach crap
pie bait size in 30 to 50 days after hatching, this is
too late for much of prime crappie fishing season.
One-year-old fish can range in size anywhere from 3
to 25 lb/1,000 fish. Large golden shiners (30 lb/1,000
and up) are in demand for striper bait. However, the
production of large fish typically requires a second
season of growth. In the wild, a shiner may live for
up to IO years, reaching a length of 12 inches and a
weight of 1.5 pounds.

According to the literature, reproduction takes
place when water temperature exceeds 68 degrees F
for an extended period. However, golden shiners have
been observed spawning at water temperatures of
55 to 65 degrees F following a period of warmer
weather, indicating that once fish start spawning,
water temperature is not as critical a factor. Tempera
tures above 80 degrees F inhibit reproduction so that
in Arkansas, spawning typically occurs from late
April through June. Some eggs may be collected
later, especially if ponds are flushed with cool well
water. However, late eggs are considered to be of
poorer quality and insect predators are in greater
abundance. Fall spawning can occur in September
and October, although spawning is not as reliable at
this time of year.

WATER QUALITY TOLERANCES

Golden shiners are relatively tolerant of low
oxygen levels, especially in cold water. During the
winters, golden shiners are able to survive in northern
lakes for prolonged periods at oxygen levels of 0.2 to
0.3 mg/I. However, in culture ponds during Arkansas
summers, golden shiners are observed "piping" at the
surface at oxygen levels of 1.0 to 1.5 mg/I, and
prolonged exposure to these levels can cause
mortalities.
In holding tanks, golden shiners are sensitive to
the accumulation of ammonia and are affected by
levels in excess of 2 ppm. Nitrite toxicity (brown
blood disease) is not as much of a problem with
golden shiners as it is with channel catfish. In
general, members of the minnow family are more
resistant to high nitrite levels.
Adult golden shiners can withstand salinities of
up to 15 parts per thousand (ppt). However, salinities
of as low as 2 ppt dramatically reduce the survival of
golden shiner fry, and all fry die at 8 ppt. Golden
shiners are also able to live in relatively acid waters,
with breeding populations found in lakes with pH
levels as low as 5.
Water temperature plays a critical role in the
culture of golden shiners. Although they tolerate a
wide range of temperatures on a seasonal basis,
shiners are sensitive to abrupt changes in water
temperature. They can survive in water as cold as
2 degrees above freezing. Their preferred range is
63-75 degrees F. High mortalities can result if fish are
exposed to temperatures above 93 degrees F. During
the summer months, shiners may not feed well in the
afternoon when the surface film of the pond becomes
very hot. Upper lethal temperature has been reported
as near I 00 degrees F.

Golden shiners are fractional spawners, and an
individual fish may spawn several times during the
season. Spawning activity varies with temperature,
weather and even phase of the moon. Golden shiners
are egg scatterers; adhesive eggs are laid on aquatic
vegetation in shallow water. Submerged vegetation,
leafy branches or man-made mats serve as sites for
egg deposition. During spawning, several males
follow a female as she splashes across a spawning
mat. When spawning is at a peak, numerous fish
wriggle across the surface of mats. In a 24-hour
period, up to a quarter of a million eggs may be laid
on an 18 x 30 inch spawning mat, although the aver
age number is much less. Mats heavily covered with
eggs are referred to as "snowed," based on the
appearance of large numbers of small eggs. Golden
shiner eggs are around I mm in diameter. Eggs hatch

Golden shiner eggs on spawning mat.
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in 4 to 5 days at 75 to 80 degrees F. Newly hatched
fry are 4.0 to 4.3 mm in length. In one study, food
was first observed in f ry guts three days after hatch
ing (at a temperature of 79 degrees F).
An individual female may hold up to I 0,000
eggs, with egg number increasing with size of the
female, although only 200 to 500 eggs are laid at any
one time. The widespread occurrence of the micro
sporidian parasite, Pleistophora ovariae, which
causes increasing damage to the ovaries with increas
ing size (age) of the fish, has prompted most pro
ducers to use I -year-old fish as broodstock. This has
resulted in the need for larger numbers of brood fish.
White marbling, patches or streaks in ovaries are
signs of infection, although a laboratory analysis is
required for confirmation.

GOLDFISH
(Carassius auratus)
Goldfish have been cultured for centuries. Native
to China, goldfish were introduced into the United
States in 1878 and since that time have become
widely distributed. They are found in every state in
the U.S., although there may not be established popu
lations in all areas. Larger (3 inches plus) fish are
sold as trotline bait, but most goldfish raised are sold
as ornamentals or as feeder fish. A number of states
prohibit the use of goldfish as bait with the rationale
that goldfish are to be considered similar to carp in
their destruction of game fish habitat.
Goldfish generally are deep and stout, but vary in
body shape depending on the breed. Feeder fish are
the common variety, with a relatively trim body
(common comets). They can be a variety of colors,
from black to olive-green through red and orange, as
well as mixtures of various colors. Preferred colors
for feeder fish are red, orange and gold. Newly
hatched goldfish are olive-green to bronze. Fish then
change color at 2 to 4 months of age, although there
is a great amount of variation in time. Time of year
apparently affects coloration. Reportedly, early
spawned fish are mostly red to orange; fish spawned
later are mostly bronze to black. Exposure to sunlight
is said to improve the brightness of fish color.
Goldfish prefer vegetated, shallow waters in quiet
streams and lakes. They may live for up to 30 years,
although 6 to 7 years is more normal, and they can
weigh up to 5 pounds. Most goldfish are under
2 pounds.
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FOOD HABITS

Goldfish are omnivorous and will eat a wide
variety of natural and prepared feeds. They feed on
insect larvae, invertebrates, zooplankton, molluscs,
algae and aquatic vegetation. Adults have a prefer
ence for phytoplankton, while the young prefer zoo
plankton and insect larvae. Their intestine is 1 1/2 to
2 times the total length of the fish. A study of the
digestive enzymes of goldfish indicated that goldfish
can utilize foods such as plant materials that are rich
in carbohydrates, with a fair amount of proteins, and
a small amount of fat. The relatively long intestine
allows room for food to be retained for a longer time
so that bulky foods such as plant material can be
digested.
WATER QUALITY TOLERANCES

Widely recognized as hardy and easy to culture,
goldfish tolerate a wide range of environmental con
ditions. Their preferred temperature range is 55 to
70 degrees F, but goldfish can live at temperatures
from 32 to 95 degrees F. In culture ponds, goldfish
are more tolerant of low oxygen than golden shiners
and are able to live for prolonged periods at low oxy
gen levels around 0.5 mg/I. Goldfish are relatively
intolerant of low pH levels, with the lethal pH level
recorded as being between 4.0 and 4.5, and are mod
erately tolerant of nitrite.
The maximum salinity level tolerated by goldfish
was reported as l 7 ppt, but fish are not able to live
for prolonged periods at levels above 15 ppt. Goldfish
fry are slightly more salt tolerant than golden shiner
fry: survival is reduced somewhat at 2 ppt, the major
ity of fry die at 4 ppt and no fry survive at 8 ppt.
REPRODUCTION

In Arkansas' climate, fish become sexually
mature at one year. Mature males are reported to have
serrations on the pectoral spines that are absent in the
female. Males in spawning condition may also
develop small white pinhead-sized tubercles on the
head, primarily on the gill covers. Spawning activity
begins when water temperatures reach about 60
degrees F, typically near the beginning of April in
Arkansas, but it can occur as early as mid-March in
some years. Fish spawn a number of times during the
season, which lasts until water temperatures rise into
the upper 70s.

Spawning in goldfish is similar to that in the
golden shiner. Adhesive eggs are scattered on vegeta
tion or spawning mats, if provided. A large female
may lay from 2,000 to 4,000 eggs at a time, while a
medium brooder might lay only 500 to 1,000 eggs.
Egg production peaks in 3- to 4-year-old fish.
Females will spawn at frequent intervals during the
spawning season. Generally, spawning occurs from
dawn to mid-afternoon on sunny days. Eggs are 1.0
to 1.7 mm in diameter, slightly larger than those of
the golden shiner.
Hatching occurs in 8 to 9 days at 60 to 65
degrees F, in 5 to 7 days at 70 to 75 degrees F, in 76
hours at 77 degrees F, in 46 to 54 hours at 84 degrees
F, and in less time at higher temperatures. Fry f'"om
eggs incubated at very low or high temperature:, ,.�e
said to be weak so that an incubation temperature in
the range of 60 to 80 degrees F is desirable. Newly
hatched larvae are about 4.5 mm in length. The yolk
sac is almost completely absorbed I 1/2 to 2 1/2 d:>ys
after hatching when first feeding occurs.

FATHEAD MINNOW
(Pimephales promelas)
Fatheads are a small minnow, usually less than
3 inches in length. Their bodies are thick, almost
cylindrical, with a small, blunt, rounded head and
small mouth. Breeding males develop nuptial tuber
cles, small bump-like protrusions, on the snout and
head. Females develop a protruding ovipositor (a
fleshy spout-like protrusion above the vent) near
spawning time. Fatheads are usually dark in color,
olive-green to brown on top, and lighter below.
Fatheads become sexually mature at one year.
Breeding males become very dark as the spawning
season approaches. Females, immatures and non
breeding fish may have a dark stripe running the
length of the body. Males generally obtain a larger
size than females. The life span of a fathead is short,
usually only 2 to 3 years.
A variety of fathead minnow, called "rosy red,"
has a reddish-orange body, shading to a silver on the
sides and belly. This color variety was developed in
Taylor, Arkansas, by Billy Bland Fishery, and has
proved to be very popular. The rosy red variety is
thought to be more vulnerable to predators (and game
fish) because of the light color. The red color is

apparently a simple recessive trait, which means that
all broodstock used to produce rosy reds should be of
that color.
Fatheads are widely distributed in North America.
They are found from Canada to northern Mexico, east
to New England, and as far west as the Rocky
Mountains. They have also been introduced in
California and other states west of the Rockies. They
thrive in a broad range of habitats, from streams to
ponds, and are common in small, silty ditches and
ponds. Fatheads can be found schooling from mid
water to the bottom. Able to tolerate humic waters,
fatheads can be the dominant species in northern
boggy lakes. Vast quantities of fathead minnows are
collected from the wild in Minnesota, Michigan,
Wisconsin, North and South Dakota and Canada,
forming the basis of a large bait industry. The retail
value of fatheads sold in the Northcentral U.S.
exceeds $4 million.
FOOD HABITS

Algae is one of the main foods of the fathead
minnow. Fatheads are able to feed on a variety of
microscopic algae and to some degree on filamentous
blue-green algae. They also eat zooplankton, insect
larvae and detritus (decaying organic matter). The
intestine, around 2 to 2 1/2 times the length of the
body, can often be found filled with sand and silt
mixed with plant and animal remains . Fatheads also
readily accept prepared diets.
WATER QUALITY TOLERANCES

Fatheads serve as one of the standard bioassay
animals for toxicity studies, so a tremendous volume
of information exists on the effects of various chemi
cals on these minnows. Relatively hardy fish, adults
are able to live and reproduce at a constant oxygen
level of 3 mg/I with no apparent ill effects. However,
fathead fry are sensitive to low oxygen levels. In one
study, fry held at 2 mg/I all died within 6 to 13 days
(with most dying in 2 to 5 days), and only 6 percent
of the fry held at 3 mg/I survived to 30 days of age.
In culture ponds in Arkansas, fatheads are similar to
golden shiners in tolerance of low oxygen levels.
Fathead minnows are relatively sensitive to elevated
water temperatures, and summer pond surface tem
peratures can exceed the reported upper lethal
temperature of 91 to 93 degrees.
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Adult fatheads are able to live at salinities of up
to 15 ppt, about one-half the strength of seawater. In
laboratory studies, adult fatheads can tolerate pH
levels clown to 4.5, but show stress at 4.2 to 4.3. In
natural lakes, fatheads exhibit a rather abrupt
threshold to acidic waters and are found only in
waters with pH levels above 5.5 to 5.8.
REPRODUCTION

Fathead minnows lay adhesive eggs on the under
sides of floating and submerged objects. The eggs are
mostly in a single layer, with only a few areas 2 or 3
eggs deep. Fathead females lay eggs at intervals of 2
to 16 clays over a prolonged spawning season. On
average, around 400 eggs are laid in one session, and
a female may lay a total of 7,000 to I 0,000 eggs over
the spawning season. Spawning generally occurs in
the range of 64 to 86 degrees F, although in one case
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spawning was noted at 6 I degrees F. Spawning
activity usually ceases in late July to mid-August and
will start up again in September to October.
Male fatheads are territorial and defend a nest
site against other males. Most spawns are laid
between 4 a.m. and IO a.m., with little spawning
activity from dusk to midnight. Male fatheads mate
with numerous females, and a nest may contain eggs
from several females in different stages of develop
ment. One study found from between 36 and 12,000
eggs in individual nests. The eggs are typically
slightly larger than I mm in diameter and hatch in
4 to 6 days, depending on temperature. Newly
hatched fry are 4.5 to 5.0 mm long. Post-spawning
mortality of brood stock, especially males, can be
very high, with rates of 20 to 90 percent reported.
Survival of adults over the winter is good, but fry
losses can be high.

FACILITIES
A successful baitfish production facility results
only from careful planning and intensive manage
ment. Effort and attention to detail in the planning
phase are critical to the eventual success of a busi
ness. Baitfish production requires construction of
multiple earthen ponds as well as associated water
supply and drainage structures. Principal levees must
be gravelled and wide enough to permit all-weather
access to all ponds. In addition, a minnow shed with
vats, water supply and aeration is required. Often a
small office and break room are located at one end of
the shed.
SITE SELECTION

Selection of pond sites seems like a simple
matter, but many factors complicate the process.
Important considerations are soil characteristics,
topography, wetland status, drainage, flood potential,
utility right-of-ways, water availability and previous
land-use, especially pesticide residues. The potential
producer must also consider that, once ponds are con
structed, the land is permanently changed and if
ponds are not used the land's value may decline.
Ponds that have been out of production for two or
more years have much lower value than ponds which
have continually been in production.
SOIL CHARACTERISTICS

The soil must be able to hold water, so that soils
with adequate clay content (usually at least 20 per
cent) are required. A site may have more than one
soil type, and each section will need to be evaluated
separately. The Natural Resources Conservation
Service (NRCS; formerly Soil Conservation Service
or SCS) or a private engineering firm can take numer
ous soil cores around the site to determine if adequate
amounts of clay are present to allow pond construc
tion. If the soils do not contain sufficient clay, an
other site must be selected. Seepage problems are too
expensive to repair after a pond has been constructed.

TOPOGRAPHY

The topography of the land determines the
quantity of earth that must be moved during the con
struction process. Baitfish are best produced in levee
style ponds because these relatively shallow ponds
allow fish to be partially-harvested as needed, without
drawing down the pond. In hilly or rolling terrain,
watershed or hill ponds will be less expensive to
build than levee ponds.
WETLAND DETERMINATION

Early in the planning phase, the NRCS should be
contacted regarding planned construction. This
agency will evaluate the site as to its wetland status
and work with the potential producer to secure a
permit to build ponds. If the site is considered to be
wetlands, and depending on the type of wetlands, an
alternative pond layout may be required or permis
sion may be denied.
DRAINAGE

Ponds must be drained periodically to facilitate
harvest or to relieve excess rainfall. A pond must be
able to drain by gravity flow without harming a
neighbor's crop or flooding a county road or high
way. Drainage ditches for a fish farming operation
must be constructed to avoid damaging a neighbor's
property, particularly through erosion.
UTILITY RIGHT-OF-WAYS

Before ponds are built over gas pipe lines or
under power lines, right-of-way locations should be
checked with utility companies. This is essential for
safety reasons as well as to avoid legal problems.
Also, designs for ponds to be built adjacent to a high
way or county road should take into consideration
that the road has a right-of-way and may be widened
at a future date.
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PREVIOUS LAND USE

It is important to know the history of a potential
site. If the site has a history of row crop production,
especially cotton, there may be problematic residues
of pesticides. Areas that should be checked include
low areas where run-off collects, any area where
spray equipment may have been filled or cleaned or
an area where pesticides may have been stored.
Pesticides accumulate in the upper 4 inches of soil, so
sampling can be restricted to the upper layer.
Pesticide analysis can be conducted at private, state
or occasionally, university laboratories, for a fee.

A sample of water from each well or other source
should be sent to a laboratory for analysis. In
Arkansas, water testing is available through the
Cooperative Extension Service for a modest fee.
Waters free from iron and with alkalinity and hard
ness levels above 50 mg/I as CaCO3 are preferred. If
the water source for a feeder fish operation has an
alkalinity of less than 50 mg/I, it is worthwhile to
lime ponds to increase the alkalinity. The amount of
lime needed depends upon the nature of the soils in
the pond bottom. The county Cooperative Extension
Service office can analyze your soil and make recom
mendations. They provide soil sample boxes and
instructions on taking samples of pond bottom soils.

SITES TO AVOID

Some sites have excellent potential for fish
production according to the above-mentioned charac
teristics, but still should not be developed. For exam
ple, a site next to a heron rookery may have all the
characteristics of an ideal farm, but full farm potential
may never be reached because of bird predation.
Potential sites completely surrounded by row crops,
especially cotton, should also be avoided. Drift from
aerial application of pesticides may be unavoidable
and is not compatible with best management prac
tices for fish farming. Avoid a site adjacent to an
uncooperative neighbor.
Other sites to avoid are those in areas prone to
severe flooding. Many current baitfish operations
were developed on land considered marginal for other
crops. This included low land with very heavy clay
soils that is subject to flooding. For information on
the flooding potential of a site contact the NRCS.

WATER AVAILABILITY

Large quantities of water are needed for a fish
farming operation. Estimates of water requirements in
literature range from 13 to 50 gallons per minute
(gpm) per surface acre of ponds. The key considera
tion is that water must be available to completely fill
a pond in 7 to 10 days; otherwise, aquatic vegetation
problems can develop. For example, a I 0-acre pond,
4-foot average depth, holds slightly over I 3 million
gallons of water. A 905 gpm well would be needed in
order to fill that pond in IO days (90 gpm/surface
acre). The relatively lower figures in literature are
based on the assumption that the same well can be
used to service multiple ponds. Since ponds are filled
sequentially, less water is required just to maintain
pond levels once ponds are full. Charts are available
(e.g., SRAC Publication No. 100, available from the
Cooperative Extension Service) that list filling times
for various-sized ponds for different water flow rates.

WATER SOURCE

A water source is needed to fill fish ponds. The
supply must be constant and of good quality. Well
water is the best source for filling levee ponds. Spring
water can be used, but the supply must be available
during the summer's drought and springs are usually
located in areas where the potential for fish pond con
struction is limited. Surface water can be used, but
there are many drawbacks. Water must be available
year-round. Streams and bayous are sources of wild
fish and diseases and should be screened before use.
In addition, stream water may be a potential source of
zebra mussel contamination. For these reasons,
surface water should be avoided if at all possible.
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Well water is the best source of water.

Well drilling companies, state geologists or U.S.
Geological Survey personnel have detailed maps of
underground aquifers. They can determine if a site
has adequate water for developing a farm .
• I
•!

PONO SPECIFICATIONS

Ten- to twenty-acre ponds need large and wide
levees. Minimum top width is 12 feet on outside
levees and 16 feet for main levees. If a potential pro
ducer may consider diversifying into catfish produc
tion in the future, the top width of the outside levees
should be 16 feet and 20 feet for main levees. The
reason is that much larger equipment will be used on
the levees in catfish farming than in baitfish produc
tion. The levee slope should be 3: I (3 feet hori
zontally for each vertical foot) on the outside levees
and 4: I on the main levees. Ponds should be 4 to 6
feet deep, with 2 feet of freeboard. Main levees
should be gravelled to allow access for feeding or
harvest even during rainy weather.

Ponds 5
to IO acres in
Drilling well.
size should
have a mini
mum levee top
POND CONSTRUCTION
width of 12
feet. The slope
Ponds for baitfish are similar to those for catfish
•�•,e�z:=i
of the outside
-�
and other fish species. Pond depth should not exceed
levee should
4 to 5 feet as fish must be regularly partial-harvested
be 3: I, with an
from ponds. Typical pond size varies with species.
inside slope of
Golden shiners are normally raised in large, I0- to
4: I. Pond
20-acre ponds. Fathead minnows are grown in ponds
depth should
up to IO acres in size. Feeder goldfish are best raised
be 4 to 6 feet
in ponds of I to 3 acres, with a maximum of 5 acres.
with 2 feet of
Goldfish must be kept at a small size by maintaining
freeboard.
high densities of fish, and this is difficult to accom
plish in large ponds.
Small
ponds for
Pond size is an economic trade-off. Larger pondsgoldfish are
are less expensive to build (per acre), but are more normally 2 to
difficult to manage. Smaller, more manageable ponds5 acres in size.
require more earthmoving costs per surface acre, a Levee widths of IO to 12 feet with slopes of 3: I are
higher percent of land in levees, and additional drainadequate. Pond depth is not as critical with goldfish
and water supply structures.
as with other fish species. A maximum depth of
4 1/2 feet with 2 feet of freeboard is sufficient.
However, unless the ponds are never to be used for
POND SHAPE
other species, standard depths should be used.
Pond shape is determined by topography and
property lines. Rectangular ponds are easier to feed SITE PREPARATION AND CONSTRUCTION
and harvest than square ponds. Irregularly-shaped
ponds should be avoided. Ponds with a "dog leg"
Ponds are constructed by tractor-drawn dirt pans
(L-shaped) are harder to feed, aerate and harvest. The
or bulldozers. Because of their speed and laser
irregular shape affects water currents, creating poor control, dirt pans are the most efficient means to
circulation in the "dog leg" area.
construct ponds. They are the most accurate for cuts
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and fills and give much better compaction than bull
dozers. Bulldozers are a relatively poor choice for
moving earth any appreciable distance. If bulldozers
are used, additional equipment, such as a sheepsfoot
roller, will also be needed for compaction.
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Pan and scrapers.
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The most common type of drain used in baitfish
production ponds is the inside swivel drain. Pond
water depth is determined by the upright length of the
drainpipe. Water depth can be regulated by pivoting
the pipe. Since this type of drainpipe is known to
occasionally fall over and unexpectedly drain a pond,
it is important to secure the drainpipe with a chain or
cable. Inside swivel drains made of iron should be
heavily greased when installed and will need
additional maintenance every few years. The major
disadvantage of the inside swivel drain is that it can
interfere with seining.

_.,_';:'-'-"·
" -,.:.�..

It is important that the building contractor leave
open an area for the pond's drainpipe. This will allow
drainage of storm water during construction. As soon
as the pond bottom and drain site are excavated to
grade, the drainpipe is installed. The drainpipe is
made of Schedule 40 PVC and should be large
enough in diameter to drain a pond within a week.
The pipe is installed as soon as the pond is graded. A
small trench about one-third of the drainpipe's
diameter is dug to support the pipe. A layer of fill dirt
is hand-packed around the sides and top of the pipe.
This will prevent the pipe from being crushed by
heavy equipment during construction. The fill mate
rial must be moist to ensure compaction and to form
a water-tight seal.
DRAINS AND DRAIN STRUCTURES
r
The pond bottom must be smooth and
slope f om
the shallow to the deep end with a slope of from 0.1
to 0.2 feet per I 00 linear feet. A flat, sloping bottom
is needed for ease of harvesting and draining. Harvest
basins are no longer recommended for commercial
aquaculture ponds. The drainpipe should extend at
least 5 feet past the toe of the levee. The discharge
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end of the pipe should be a minimum of 2 feet above
water height in the drainage ditch. Some producers
will attach an alfalfa valve on the discharge end of
the pipe; others will screen the outlet to prevent entry
of wild fish.

/''
Inside swivel drains are common.

Ponds with outside drains are becoming more
common. The outside drainpipe extends through the
levee at the lowest point in the pond, 5 to IO feet out
from the toe of the levee. If the drainpipe is too short,
the levee can slough and clog the pipe, preventing
drainage. The inside end of the pipe is fitted with a
screen.
The outside end of the drainpipe is fitted with a
"tee" and a standpipe to maintain the desired water
level in the pond. The end of the "tee" is fitted with
an alfalfa valve for water level manipulation or
complete draining if desired.

golden shiners or fathead minnows. While open
sheds allow loading and unloading of fish along the
sides, an enclosed building needs a center drive
through that is large enough to accommodate a
tractor-trailer.
VATS

Vats are constructed on the floor of the facility
which should be a 6-inch-thick reinforced concrete
slab. The vats typically are of formed concrete, 6 to 8
inches thick. Concrete-filled cinderblock tanks are
less expensive but are prone to cracking and do not
last as long. After construction, vats are painted with
a swimming pool-grade epoxy paint. While there is
no standard color, some producers have indicated that
fish are less excitable in dark-colored vats.

Outside drain system.

MINNOW SHED
Baitfish production requires a facility for holding
and grading fish prior to transport to the final market.
This facility is referred to as a minnow or grading
shed and varies from an elaborately designed,
enclosed metal building to a simple, open building
that resembles a pole barn with a cement floor. It is
desirable to have enclosed sides or at least a large
enough roof so that the vats inside the minnow shed
are shaded. This will help maintain cooler water in
vats for minnows during the summer months and
prevent predation by birds such as grackles.

Inside of a minnow shed under construction.

i�s�:•{.:.ti��,,:fl;
,,�J.,tv•.;.�¼•'t:�·�.
·41':i• <-"J'';k,;t,.,; ••1,• ·ti!•f•' <,;\\',:fl.'-��;},,"iil"',"•'"-" • • , ,
;<'·--":; /_•., � . ·J,�1:.f;,Jv}!;_•�i-: �-?1�:/�/ :: ('-· .
!{�;{

.-

�I�,\;✓;•,:�,;:'.:,,•• •

A minnow or grading shed.

Inside the shed, rows of vats are equipped with a
water supply, a drainage system and an aeration
system. Normally, one vat is required for each 40
acres of ponds. A goldfish farm will need relatively
more vats than a comparable-sized farm raising

Constructing holding vats.

15

CARBON DIOXIDE AND IRON REMOVAL

Well water typically contains little or no dis
solved oxygen, and may have high levels of carbon
dioxide, iron, sulfides and other compounds. Water
quality may vary seasonally or from year to year. For
example, in one location, drought reduced recharge to
an aquifer, and water from non-traditional sources
entered the aquifer. This water contained organic
matter that, after bacterial action, resulted in carbon
dioxide levels as high as 250 mg/I.

Rows of holding vats.

Vats usually have a capacity of 1,500 to 2,000
gallons each. Typical inside dimensions are 24 to 30
feet in length, a width of 6 feet, and 2 feet deep. The
floor of the vat is sloped toward the drain, with the
far end about I 1/2 inches higher than the outlet.
Water depth is kept at 20 inches. The drain is a 4-inch
PVC collar and elbow fitting built into the floor of
the vat during construction. Water depth is main
tained by a PVC standpipe which fits into the collar.
Water drains from the vat into a trough or pipe and
then into a ditch away from the facility.
WATER SUPPLY

A suitable water supply is critical to a minnow
shed. The water supply consists of a 4-inch or larger
well. In Arkansas producers favor shallow wells since
they are less expensive to drill and can pump more
water per minute. Water capacity should be from 200
gallons per minute for a small facility to over 600
gallons per minute for larger operations. As a rule of
thumb, the quantity of water available (in gallons per
minute) should be at least I percent of total vat
capacity. The water supply and drainage system must
be designed so that several vats can be flushed at the
same time.
Water sources should be tested in order to
determine their suitability for fish culture. It is some
times extremely helpful to have more than one source
of water. If well water is pumped first to a reservoir
pond, this allows it to adjust to surface temperatures
so that fish harvested in winter are not shocked and
stressed by being unloaded into relatively warm vat
water.
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Vigorous aeration will drive off carbon dioxide
and prevent formation of hydrogen sulfide. Shallow
wells in Arkansas often have problems with high
levels of iron, so an iron removal system may be
required to keep fish alive. Iron is removed using
pressurized sand filters. The process starts with the
same aeration system which drives off carbon
dioxide. Water must fall through several screens to
aerate it. Once well water containing dissolved iron is
exposed to oxygen, iron begins to form floe and settle
out of the
water. The
water is
moved to a 4
to 6 foot deep
cement settling
vat which
includes
several baffles
for settling
iron. The
water is
pumped
through a
series of tank
like sand fil
ters (similar to
swimming
pool filters)
Packed columns for aerating well
and then into water.
the main supply line. These filter systems can be elaborate, with
automatic backflush cycles to clean the filters several
times daily, or simpler units with a manually operated
backflush cycle operated by opening and closing inlet
valves.

particle filter, main air line, secondary air line for
individual vats and rubber hose or plastic tubing with
attached airstones. The blowers are usually 0.5 to I
HP and are mounted in the rafters of the shed. A
small operation will require a minimum of two blow
ers, one serving as back-up. Larger operations may
have three to four units, with one back up. The blow
ers are arranged in tandem so that, if one fails, the
other will continue to provide aeration.

Pressurized sana TIiters to remove
iron floe.

Air is pumped into a 3-inch PVC main air line. A
secondary 2-inch PVC line is "teed" from the main
line for each vat. The secondary line is fitted with 5
to 7 "tees" and is reduced to 3/4 inch. A nipple is
mounted in this fitting, and a 1/4- to 3/8-inch hose is
attached to each nipple. Medium pore 12-inch
airstones are attached to each hose, and these should
lay flat on the bottom of the vat (typically 5 to 7
airstones per vat).

A less-expensive iron removal system is the
"green sand" filter, which is also very efficient. The
"green sand" system consists of a 4- to 5-foot high
square concrete vat or pit which is plumbed with per
forated PVC pipe in the bottom. The vat contains a
I -foot layer of sand, a foot or more of gravel below
that and a bottom layer of pea gravel.
Well water cascades from the aeration tower
through a series of screens, as with the previous sys
tem, then flows down through the sand filter in the
vat and is collected by the bottom pipe and pumped
into the main line. The only maintenance needed is to
periodically replace the top 4 to 6 inches of sand.
This system is best suited for low volume, small-scale
operations, and it is not used much in the industry
today.
In the minnow shed, water is supplied through a
main 4-inch PVC supply line installed overhead.
Lines for individual vats are 3-inch PVC pipe "teed"
from the main supply line. Water flow is regulated by
a ball valve.
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Blowers supplying air to minnow shed vats.
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AERATION SYSTEM

Most baitfish producers used a low pressure
forced air regenerative blower system for aeration.
Components of the system include the blower with

Five to seven airstones are used in each vat.
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Some
older facilities
still use elec
tric agitators.
Each vat
should be
equipped with
2 to 4 ground
fault inter
rupter (GFI)
electrical out
lets to prevent
electrical
shocks. Vats
are aerated by
one or two I /3
HP agitators,
or four or
more 1/20 hp Agitators are still used on some
agitators.
farms.
Some produc
ers may use both a forced air system and agitators,
but only on very hot, calm days when the forced air
systems seem to function poorly.
In some sheds, aeration is provided by small elec
tric pumps mounted at one end of each vat. Water is
drawn in through a screened intake and then sprayed
out over the length of the vat through a plastic pipe
system.
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A small pump runs this in-vat
circulation system.
.�
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BACK-UP ELECTRICAL SYSTEM

Power outages are common at baitfish production
facilities across the south. For this reason and to
reduce risk of sudden losses clue to power outages, a
back-up generator system is required. Commonly
used systems consist of a gasoline, diesel or natural
gas-powered electrical generator that connects to the
main circuit box. The back-up generator can operate
manually or with an automatic switch so that when
the power fails, the generator starts.

Emergency generator for a large minnow shed.

The required size of the back-up generator
depends on the size of the facility. The generator
needs to produce adequate power to operate the well,
air blowers, agitators, lights and other equipment. An
electric motor requires three times as much amperage
to start up as it does to operate. When all circuits start
at once, the large amount of "pull" on the generator
can trip circuit breakers. It is a good idea to install a
switch to stagger timing when various circuits start,
to prolong the life of the generator. For example, the
well should start first, then the blowers, next the
lights, and then the accessories.

PROPAGATION METHODS GOLDEN SHINERS AND GOLDFISH
BROOD FISH SELECTION
Yearling golden shiners are used for brood fish
because young fish have less incidence of the ovarian
parasite (Pleistophora ovariae), which reduces egg
production in older fish. Use of ungraded fish ensures
a I: I sex ratio. Since females grow faster than males,
selection based on size would select nearly all
females. Young-of-the-year male and female fish do
not differ in weight until spring, when eggs develop
in the female fish. Selecting for faster growing brood
stock in the late fall or early winter would allow for
maintenance of a normal sex ratio.
Genetic selection for growth "on-farm" is
difficult due to the presence of "shoot" fish (known
as "hogs") - fish which hatched earlier or otherwise
were initially slightly larger than others. They are
able to feed on the abundant large prey items that
most other fish are not yet able to eat, and with this
advantage they become larger still. These fish can
become huge relative to the rest of the fish in a pond,
but are not genetically superior. This phenomenon is
more pronounced under crowded culture conditions
where there is a limited food supply such as is typical
of many baitfish ponds.
Golden shiner brood fish can range in size from
4 to more than 20 pounds per 1,000 fish. Larger fish
spawn earlier. Spawning will begin when water
temperature reaches around 65 degrees F - usually by
mid-April in the mid-South (see chapter on Species
and Biology). Fish will cease spawning when the
water temperature reaches the low 80's, usually in
early July. Fish spawn again in September or October,
but not as intensely as in the early season, and eggs
are not normally collected at this time since resulting
fry would have little natural food available during the
following winter.
Goldfish brood fish are selected based on body
form and coloration. Brood stock are moved to brood

ponds in late winter in preparation for spawning.
Goldfish to be raised as feeders or bait are normally
the common "comet" variety. A golden red color, trim
body and short to medium fins are desirable. Fish
with obvious defects are rejected.

SPAWNING METHODS
There are two basic propagation methods for bait
fish. The first is the wild or free spawning method
and the second is the egg or mat transfer method. In
addition, fry may be stocked using the fry transfer
method.
WILD SPAWN METHOD
The wild spawn is the simplest method, requiring
the least skill and management. Vegetation such as
ryegrass is planted along the shore or in spaced rows
in ponds during late winter. The pond is partially
flooded and broodfish are stocked. For golden
shiners, 20 to 40 pounds of ungraded, yearling fish
are stocked per
acre. After
spawning
activity is
observed, the
fish culturist
needs to evalu
ate spawning
success and
�-'
survival. A pie
'
.,
tin "fry check
er" is used to
look for fry at
several loca
tions around a
pond. A pie tin
tacked to the
' ,:
,lo •I
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end of a mop
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handle works
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Fry checker (pie tin on a stick).
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The pan is
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lowered into the water, and fry are easy to see against
the light background provided by the pan. Spawning
success can also be judged by the width of the band
of fry around a pond. A 6-inch wide band of fry
around the edge of the entire pond indicates good
reproductive success.
To produce goldfish by the wild spawn method,
the number of brood fish per acre is more important
than the number of pounds per acre. Goldfish are
stocked at 100 to 300 fish per acre and begin to
spawn when the water temperature reaches 60
degrees F, mid-March in the mid-South, and can con
tinue until August. Goldfish spawning success is eval
uated in the same manner as with golden shiners.

Problems occur with the wild spawn method.
Since spawning, hatching and growth occur in the
same pond, parasites and diseases easily spread from
adults to the young. The adults also prey on eggs and
young. Harvesting is another problem. Large adult
fish can injure the small fish in the seine during har
vest. Fish size is more variable using this method, so
more grading or sizing of fish is needed. Production
using this method is variable, ranging from 100 to
500 pounds per acre for golden shiners and twice that
for goldfish.
Currently, the wild spawn method is not used to
any great extent. Producers who grow larger fish for
the winter or trotline markets are the only ones who
utilize this method.

EGG TRANSFER METHOD

The egg transfer method is used by the majority
of producers. This method requires more skill and
much more labor, equipment and facilities, but pro
duces higher and more reliable yields.

Goldfish brood stock.

Stocking goldfish into brood pond.
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In late winter or early spring, all vegetation
around the brood pond's edges is eliminated, usually
by burning with a propane torch. The pond is
partially filled with water to a depth of I to 2 feet,
and brood fish are stocked. For golden shiners, 400 to
500 pounds per acre are stocked. For goldfish, up to
1,000 pounds per acre are stocked. Ponds should not
be overloaded.
The egg transfer method involves the use of
spawning mats. Mat material is commercially avail
able (e.g., Spawntex®) and is sold in 50-foot rolls of
18- or 24-inch wide, I 1/2- to 2-inch thick woven
fibrous material, such as coconut fibers coated with a
latex binder on a polyester net backing. The material
is similar to that used in air conditioning filters and
floor waxers. Commonly, 30-inch lengths of material
are sandwiched between 6-inch by 6-inch concrete
reinforcement wire. The wire is folded over the mat
material and crimped together by rings.

Commonly used spawning mats.

'f/il:.

Rear view of mat machine developed by James Saul.
The platform at the upper left is lowered and extended
to guide mats during laying and retrieval.

Other types of mats are also used. Mats I 0, 12 or
even to 16 feet long are made with a rope border that
serves as a pull rope. Iron bars are clamped, top and
bottom, at intervals along the mat material. The bor
der rope is threaded through loops in the ends of the
iron bars. The weight of the bars helps keep the mat
submerged. These mats are not staked, but are placed
in the shallows along the pond edge.
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Mats are washed by rolling mats through sprayers.

Spawning mats laid along shore of brood pond.

James Saul, a baitfish farmer in DeValls Bluff,
Arkansas, has developed a machine that can lay or
pick up 300-foot long mats. The hydraulically con
trolled machine has an extendable boom with an
adjustable roller that allows mats parallel to the shore
to be rolled up on or laid out from truck-mounted
spools that are mounted at right angles to the shore. A
separate mat washing facility is used to wash mats
after use. Mats are unrolled and re-rolled while pass
ing through a series of sprayers.

Three-hundred foot mats used with
mat machine.
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Most farms that use the standard mats place them
several feet apart around the edges of the brood pond,
held in place by wooden stakes. Mats should be
placed I inch below the surface of the water parallel
to the water's surface. If the mats are too deep in the
water, the brood fish will not use them and will even
eat eggs off the mats. If rainfall is heavy and mats
become submerged, they will have to be re-staked.

�;:.:,�
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Floating rack holds spawning mats at the right depth.

One goldfish farm places spawning mats in
shallow indoor tanks, and fresh broodstock are
brought in daily. Fresh water at 68 degrees F, long
photoperiocl ( 14 to 16 hours of light) and the pres
ence of spawning material all serve to stimulate
spawning, and mats are quickly covered with eggs.
Egged mats are usually moved to ponds, where
incubation and hatching occur, although it is also pos
sible to hatch the eggs in tanks. Great care is required
in harvesting and handling broodstock in order to
minimize losses.
Stakes hold spawning mats just under
the surface of the water.

Brood ponds typically have stakes placed along
three to four sides. During windy periods mats are
usually set on the windward sides only to reduce
wave action. Mats may need to be shifted during the
clay if the wind direction changes.
Some goldfish producers have adopted a floating
mat rack developed by Billy Bland Fishery of Taylor,
Arkansas. This rack is particularly suited to small
brood ponds where relatively few mats are used.
Twin, 4-inch PVC pipes serve as floats to support a
wire rack. Spawning mats sit between the floats and
are held by the rack at the proper depth. The floating
rack is anchored away from shore to avoid wading
predators. Farmers report that birds alighting on the
plastic pipes are made uneasy by the shifting move
ment of the rack.
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Induced spawning is sometimes used for fancy
goldfish. Eggs are stripped, fertilized and incubated
in tanks. There is good potential to produce large
numbers of high quality feeder goldfish using
induced spawning. Stocking fry instead of eggs
allows higher survival and better accuracy in
rationing food for slow growth.
The number of mats placed in a pond depends on
the spawning activity of the fish. Initially only a few
mats are placed around the pond. The number of mats
is increased as spawning activity increases, and at the
height of the season it is common to have mats
around the entire perimeter of a brood pond. While
one mat is staked in a pond, another is left on the
pond bank to take its place the next clay.
Mats should never be left in a pond longer than
24 hours. This may mean that mats with relatively
few eggs are moved, or are simply left on the pond
bank where the eggs dry and die before another
attempt is made using the same mat.

The number of eggs per mat varies greatly over
the spawning season and from mat to mat within a
pond. A light dusting may mean only 5,000 eggs per
mat, while a "heavily-snowed" mat can have over
250,000 eggs. When mats have so many eggs that
they appear dusted with a fine snow, these mats are
referred to as "snowed." Remove mats before they
become heavily snowed. Eggs that touch each other
encourage the transfer of deadly fungus. On average,
less than 40 percent of eggs will hatch.
Egged mats are picked up by hand and stacked in
the bed of a truck or trailer. Care must be taken to
keep the mats moist and out of direct sunlight. On
cold days, eggs may be subjected to a change in
temperature of IO to 12 degrees F. Many producers
pour water over the mats and cover them with a
tarpaulin. If kept moist, mats can stay out of water for
45 minutes.

Mats are transferred to fry rearing ponds. These
ponds are partially filled with fresh well water and
mats are placed on the pond bottom. Water depth
should be I to 2 feet.
For golden shiners, mats are usually stocked at 50
to I 00 per acre. For goldfish, mats are stocked at I 00
to 200 per acre.
Eggs hatch in 3 to 5 days, with shorter hatching
times at higher temperatures. Research has shown
that oxygen concentrations within spawning mats
during egg incubation can be considerably lower than
in the pond, because the spawning mats serve to trap
mud and plankton from the pond water. It is recom
mended that producers start to fill ponds only just
before matting. However, where well water has a
high iron content, it is best to have the water stand
several clays to allow the iron to oxidize and settle out
before matting the ponds.

Collecting egged mats from a brood pond.
Spawning mats with eggs

in a rearing pond.

It is recommended to fertilize fry rearing ponds
with an organic fertilizer such as cottonseed meal and
an inorganic fertilizer I to 2 clays prior to hatching
(see chapter on Pond Management). Once hatching is
completed, fry survival is evaluated by using a pie
pan, as previously discussed.

Transferring egged mats to a rearing pond.

After fry hatch and are free from the mats, the
mats are pulled from the pond, washed, and sun-dried
before reuse. Newly-hatched fry often stick to and
hide in the mat material so the mats must not be
pulled too soon.
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Spawning mats drying in the sun.

Extra fish are stocked to make up for anticipated
losses. In the transfer process, fry are baited with
feed, then trapped by use of a fine mesh seine. Fry
are clipped out of the seine into buckets partially
filled with a known volume of water. Fry are aclclecl
until the water level reaches another mark on the side
of the bucket. Fry numbers are usually estimated by
volumetric comparison. In this method, a known vol
ume of water with fry is removed from a bucket and
fry within that volume are counted. Several samples
are taken to get an average number per unit volume.
This number is then applied to the total volume in
each bucket and to the total number of buckets
moved. Numbers of fry can also be estimated by
weight.

FRY TRANSFER

Fry transfer is a third method to stock rearing
ponds. Mats are transferred to rearing ponds as in the
previous method. The difference is that mats are pur
posely overstocked to ensure large numbers of fry. In
ponds stocked with large numbers of eggs (several
million per acre), fry densities can exceed
1,000,000/acre. In 6 to 8 weeks fry reach 3/4 of an
inch in length and are 0.5 to 1.0 lb per 1,000 in size.
These are sometimes called "peewees." They are
ready for transfer to a grow-out pond where they are
stocked at rates of 50,000 to 200,000 per acre. The
number of fry stocked depends on several factors;
how soon marketable fish are needed, what size fish
are needed, and the length of the growing season.
I

�

Fry ("peewees") of a size that can be moved.

Before reaching peewee size, fry are too delicate
to move. Even at this size, fry are extremely fragile
and transfer losses of 25 percent or more are normal.
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�
Weighing fry to determine numbers.

The advantage to this method is that a known
number of fry are stocked. This allows for better
inventory control, as opposed to estimating egg
numbers on mats.
Some ponds may be left at high densities for
much of the year. Fish are moved to other ponds at
reduced densities, depending on size of fish needed,
just 3 to 4 weeks before being sold. This allows them
to add muscle and fat reserves and improve their
condition before going on sale.
When fry stocking is completed, a good fertiliza
tion and feeding program is necessa1y. Typical golden
shiner production with the fry transfer method is 400
to 800 pounds per acre. With one total harvest. the
standing crop of golden shiners is approximately 350
pounds per acre. With partial harvests of I 00 to 150
pounds per acre at a time, the remaining fish continue
to grow and thus the pond can be more productive.

Large golden shiners are in high demand.
Preliminary research indicates that low densities
( 10,000/acre) of I -year-old fish can be cultured in
ponds with up to 200,000 peewees per acre for a
second summer in order to produce jumbos (fish
retained by a number 27 grader). At a typical feeding
rate of 5 lb/acre/day, gross yields of 400 to 425
lb/acre of jumbos can be produced. The peewees are
stunted compared to peewees raised alone at the same
density) but are still in good condition. Peewees
raised with older fish should not be used for brood
stock. Evidence indicates that the ovarian parasite
Pleistophora may be transmitted orally.
Goldfish are stocked at 500,000 to 2,000,000 per
acre. Older literature suggests stocking 25,000 to

1,000,000 per acre, but marketing conditions have
changed since that time and there is now an increased
demand for smaller fish. Most goldfish are now sold
as "feeder" fish rather than as bait. Fish that have out
grown feeder markets still can be sold as bait. Typical
production with the fry transfer method is 1,500 to
2,500 pounds per acre.
Some goldfish seem to grow much faster than
others. These are referred to as "hogs." The "hogs"
can out-compete other fish for feed and eventually
grow so large that they cannibalize the other fish.
Many producers grade goldfish in the pond to remove
"hogs" by using a #32 to #42 inch floating pond
grader.

PROPAGATION METHODS

-

FATHEAD MINNOWS
Propagation methods for fathead minnows are
different than for the other bait species because their
spawning habits are distinct. Fatheads spawn fre
quently, and continue to spawn in culture ponds for
much of the warmer months. Therefore only the wild
spawn and fry transfer methods are commonly used.
However, there are several producers who stock some
ponds by the
egg-transfer
method, using
wire A-frames
covered with
plastic sheet
ing to collect
eggs.
In the wild
spawn method,
the pond is
filled and a
suitable
spawning sub
strate such as
poly tarp or
poly type
"gut" irriga
Plastic covered wire frames for
tion pipe is
fathead egg transfer.
placed in it.

This material is tied to stakes driven in the pond
bottom at several locations around the pond. About
8 square inches of spawning surface per male fathead
minnow is needed.
Stocking rate for this method is 500 to 2,000 fish
per acre. A good sex ratio is five females to one male.
To achieve this ratio, the fish must be graded. Since
males are larger than females, a 15 or 16/64 inch
grader can be used. Females will pass through the
grader but males stay behind. Numbers are estimated
using weighed samples or by the displacement
method described above.
Fathead minnows begin to spawn at water tem
peratures of 60 to 65 degrees F and will continue
until water temperatures reach 85 degrees F. If the
summer remains cool and wet, fathead minnows will
spawn into October. With an extended spawning sea
son, it is easy for ponds to become overcrowded.
For the fry transfer method, ponds are stocked at
20,000 to 25,000 broodstock per acre at the five
female:one male ratio. This rate will produce up to
3 million fry per acre. Fry are transferred as
described above for golden shiners and goldfish.
Fathead minnow fry are stocked at 50,000 to 300,000
per acre. Rosy red fatheads raised for the feeder
market can be stocked at slightly higher rates.
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POND MANAGEMENT
Maximum production per acre is not the key
ingredient to a successful baitfish operation. The pri
mary concern is to have the right quantity of the
desirable size fish at the right season. This requires
good management.
It is estimated that less than half of the baitfish
fry that hatch grow to harvestable size. Survival can
be improved with good fertilization and feeding.
Timing in flooding ponds is also important, as
aquatic insects, especially backswimmers, invade
newly flooded waters and will cause major losses of
fry. As culture practices are intensified and feed use is
increased, water quality must be monitored and
managed.

FERTILIZATION
Fertilization has a two-fold purpose. It establishes
a "bloom" - natural food consisting of millions of
microscopic plants (phytoplankton) and animals (zoo
plankton). The bloom also shades the pond bottom,
preventing the establishment of rooted aquatic vegeta
tion. Blooms range in color from green to brown. The
density or thickness of a bloom is measured with a
secchi disk - an 8- to 12-inch diameter black and
white disk that is lowered into the water until it
disappears, then raised until it appears again. Depth
readings are taken at the point where the disk

disappears, and again when it reappears. The average
of the two depth readings is the secchi disk measure
ment. A disk can be made from painted wood or the
bottom of an old bleach bottle tacked to a yard stick
or broom handle. If the water is muddy, the disk
cannot be used to measure bloom density.
Generally, a measurement between 12 and 18
inches is best. If the reading is less than 8 inches, do
not fertilize until the bloom thins. If the reading is
over 18 inches in spring or summer, it is time to fer
tilize. Research has indicated that fertilization during
the winter is not effective.
Inorganic fertilizers are used to stimulate growth
of microscopic plants. Phosphorus is the key nutrient
for bloom development. In new ponds, some nitrogen
may also be required. Addition of potassium is not
necessary.
In some cases, addition of fertilizer will not
stimulate a bloom. If the alkalinity of the water is less
than 20 mg/I, ponds will not develop good blooms,
and liming is required. Muddy ponds or ponds where
water is retained for less than two weeks are unlikely
to respond to fertilizer. Ponds with existing weed
problems should not be fertilized because the
fertilizer will be used by the weeds to grow faster.
INORGANIC FERTILIZERS

Inorganic fertilizers are efficient ways to add
phosphorus and nitrogen to ponds. The grade of a fer
tilizer indicates its content of nitrogen (N), phos
phorus (P) and potassium (K) as a percent by weight.
For example, fertilizer labeled 18-46-0 has 18 percent
nitrogen, 46 percent phosphorus (as P2O5) and no
potassium (as K2O).

Secchi disk.
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Inorganic fertilizers come in several forms,
including granular, powder and liquid. If the granules
are broadcast directly into a pond, little of the
phosphorus dissolves. Once the granules are in

directly blown out or flown on a pond, less than 25
percent of the fertilizer will actually dissolve. In this
case, granular is about three times more expensive
than liquid.
ORGANIC FERTILIZERS

Organic materials include vegetable meals such
as rice bran and cottonseed meal, alfalfa pellets, vari
ous types of hay, poultry litter and various other
animal manures. Silage and even cardboard have
been used as well. Organics are normally used only
for fry nursery ponds, in combination with inorganic
fertilizers. The organic material has little in the way
of nutrients for plants, but serves as a substrate and
food source for bacteria, and this, in tum, feeds zoo
plankton blooms. The zooplankton are a critical first
food for young fish fry.

Liquid, granular and powder fertilizers.

contact with the bottom muds, phosphorus from the
granules is adsorbed by the mud, and is not available
to the phytoplankton. Table I shows the relative costs
of the three common forms of fertilizer. If fertilizers
are applied properly (see following section), granular
is the least expensive. However, if granules are

Organic fertilizers use oxygen as they decom
pose. Applying too much organic matter at one time,
especially in warm weather, can lead to low dissolved

Table 1. Comparison of fertilizer costs for different forms of inorganic fertilizers1.
Type

Cost/lb

(N-P-K)

(N-P-K)

$/lb
(diss. P)

$/applic/acre
(8 lb P)

$/lb
(diss. P)

$/applic/acre
(8 lb P)

0.29

0.78

6.24

NA2

NA

0.13

0.38

3.04

NA

NA

1.00

2.04

16.32

NA

NA

0.95

1.94

15.52

NA

NA

0.14

0.70

5.60

2.80

22.40

0.13

1.00

8.00

6.67

53.36

0.14

0.30

2.40

1.20

9.60

0.14

0.30

2.40

1.20

9.60

Liquid
(5 gal)

10-37-0

Liquid
(Bulk)

10-34-0

Powder
(32 lb)

12-46-6

Powder
(Bulk)

12-49-6

Granular
(50 lb)

10-20-10

Granular
(50 lb)

13-13-13

Granular
(50 lb)

0-46-0

Granular
(Bulk)

18-46-0

If 100% dissolves

If 25% dissolves

1From Heikes, D. (1996). Considerations for Choosing a Pond Fertilizer. Arkansas Aquafarming 14(1):5-6.
2NA is "not applicable," as 100% of liquid and powders dissolve.
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oxygen concentrations, and young fry are easily
harmed by low oxygen. Application of organic fertil
izer in cool or cold weather can lead to the growth of
filamentous algae.
APPLYING FERTILIZERS

As a general rule, a single application of fertilizer
should contain 3 to 4 lb/acre of phosphorus (P).
Liquid fertilizers are usually around one-third P, and
weigh around 12 lb/gallon, so a typical rate is I gal
lon per surface acre. Exact application rates vary with
water quality, pond bottom soils, and individual pond
characteristics. As repeated analysis of nutrient con
centrations in pond water is impractical on commer
cial farms, experience is the only useful guide in
adapting general recommendations to individual
farms or ponds. Generally, waters with relatively high
alkalinity (e.g., 400 mg/I) will require at least twice
as much fertilizer as waters with low alkalinity (e.g.,
40 mg/I).
Method of fertilizer application is critical.
Granular fertilizer must be kept out of the mud. In
small ponds, it is possible to first dissolve and dilute
the fertilizer in water and then spread it over the pond
surface. This is not practical in most commercial
ponds. Granules may be placed on a wooden platform
within each pond. The top of the platform should be
approximately I foot below the pond surface. One
platform is adequate for ponds of up to IO acres.
Alternatively, fertilizer bags can be slit along the top
and placed in shallow water. Farmers that blow or
fly-on granular fertilizers (by crop dusting plane)
have used rates of 50 to I 00 lb/acre. These rates
would be excessive if all the nutrients dissolved in the
water. However, this method results in release of less
than 25 percent of the phosphorus.
Powdered fertilizer dissolves readily in water and
can be blown over the pond surface. The main
disadvantage is the relatively high cost.
Liquid fertilizers are favored because of their
ease of application and low cost. The fertilizer should
be mixed at a ratio of I: IO with water ( I part fertiliz
er to IO parts water) and sprayed out over as much of
the pond's surface as feasible. It can also be dribbled
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Spray rig used for fertilizer or chemicals.

out into the propeller wash of a boat. Pouring liquid
fertilizer directly into a pond is not recommended
because the liquid is heavier than water and will sink
to the bottom of the pond where nutrients are lost. As
with other fertilizers, the liquid is corrosive, and
equipment must be cleaned promptly.
USING GREEN WATER

Producers often find it simpler to attempt to
establish a bloom in a pond by pumping water from
an adjacent pond with an established bloom.
However, this practice is not always successful and is
not always advisable. Even if the water is green, the
bloom may not be of good quality. This water may
contribute to the spread of fish disease and parasites
to newly hatched fish, and predaceous copepods are
often present in the green water. However, if the
green water came from a pond containing larger
golden shiners, it is unlikely that any great numbers
of predaceous copepods are present. Large golden
shiners feed very efficiently on larger zooplankters.
Using green water does allow for water conserva
tion and reduces pumping costs. When ponds are
emptied to harvest the previous year's crop, this same
water can be pumped over into f1y ponds for a second
crop. For efficient use of green water, farms must be
designed with pipes or ditches to allow water to be
moved, and a detailed management scheme of pond
assignments, draining and filling is required.

FERTILIZING FRY PONDS

HIGH PH

For ponds using the egg or mat transfer
method, fertilization of rearing ponds should begin
two days before the eggs are expected to hatch. Fry
ponds should be fertilized with both inorganic and
organic fertilizers. A recommended treatment is to
fertilize the pond with I 00 lb/acre of cottonseed meal
plus I gallon/acre of liquid fertilizer, 10-34-0 or 1137-0 formulation. This treatment should be repeated
as needed, up to twice in the next week. In the
following week the treatment can be reduced to one
half the rate and applications reduced to one time per
week for the next three weeks. The key is to evaluate
the bloom that has developed and to maintain a satis
factory bloom without allowing it to get too heavy or
too light. Secchi disk readings can be used to monitor
the bloom.

Ponds with dense blooms may experience
extremely high pH levels (above 9.5), especially
during the afternoon when primary productivity is at
its peak. A pH level above IO is stressful to fish and
can be lethal to young fry or newly-stocked fish. This
problem is common in ponds that have relatively high
alkalinity and low hardness, but has been reported in
ponds where alkalinity and hardness are similar.

For the fry transfer method, the rearing pond
should be filled and fertilization initiated two weeks
before transferring fry. Fertilization rates and applica
tions should follow those described previously in this
chapter.
MAINTAINING POND BLOOMS

Little or no additional fertilization is needed in
ponds in which fish are fed regularly. If the secchi
disk reading indicates the need for additional fertil
izer, I to 2 gallons per acre of liquid fertilizer can be
applied. Excess fertilization tends to promote
development of blooms of one or two species of blue
green algae. These heavy blooms are undesirable
because they generally do not provide good nutrition
for baitfish, and the blue-greens may suddenly die. In
ponds with heavy blooms of the certain blue-green
algae, fish have at times been observed to exhibit
lethargy, and farmers have reported losses. If dense
blooms of blue-green algae become a problem, and if
alkalinity levels permit, copper sulfate can be used to
thin the bloom. Copper sulfate is applied in early
morning to a portion of the pond on the downwind
side, treating no more than one-quarter of the pond at
a time. If the alkalinity is above 50 mg/I, copper
sulfate can be applied at a rate of 2.7 lb/acre-ft of
water per I 00 mg/I of alkalinity. Be sure to read and
follow the directions on the label. Killing a portion of
the bloom can lead to dissolved oxygen problems. If
this method is used, great care must be taken to
monitor oxygen levels and aerate the pond if needed,
especially in warm weather.

In practice, high pH is difficult to correct. Alum
or gypsum can be added to ponds to chemically lower
the pH. However, the cost of such treatments in large
ponds is prohibitive. Many farmers thin the bloom
using copper sulfate, as described above.

FEEDS AND FEEDING
Natural food plays an important role in the diet of
baitfish in commercial culture ponds. Research has
shown that golden shiners will continue to feed on
zooplankters and other natural foods even when a
complete diet is fed. At least 40 percent of the growth
of shiners fed a complete diet still comes from
natural foods. Nevertheless, while pond fertilization
remains a common practice, use of prepared feeds
increases yields substantially. Yields from ponds
where fish are fed can be two to three times higher
than yields from ponds treated with fertilizer alone.
Economic analyses of baitfish feeding strategies
determined that profits are more sensitive to changes
in yield and less so to changes in feed price. Unlike
catfish production, feed is a relatively minor portion
of the cost of raising baitfish when all costs are
considered.
Feeding practices are similar for the three baitfish
species. Unlike food fish culture, the primary goal in
baitfish is not to grow fish to market size as fast as
possible. Producers manipulate stocking density and
feeding rate to produce a variety of sizes. Seasonal
markets require some small fish. Feeder goldfish pro
ducers must tread a fine line between feeding enough
to keep fish healthy despite crowded culture condi
tions, and feeding so much that the fish be�ome too
big for the feeder market. At high fish densities, para
sites multiply rapidly, particularly because fierce
competition for food renders the fish even more
susceptible to infestations.

29

FEED FORMULATION

Some producers feed by-products such as rice
bran, cottonseed meal and soybean meal. For consis
tently higher yields and as stocking density of fish is
increased, a nutritionally complete diet is desirable. A
number of high quality commercial baitfish feeds are
available and most producers utilize these products.
The current nutritional formulation of these feeds is
similar to catfish diets.
The percent animal protein and percent crude
protein in prepared diets are of particular interest
because fish have a high dietary protein requirement
and because protein is one of the more expensive
components of a feed. Optimum protein levels for
baitfish are not known, but recent research indicates
that a diet with 29 percent crude protein is adequate
for 0.4 lb per 1,000 golden shiners and goldfish.
Protein requirements decline with age and size of
fish. In ponds, fish appear to do as well on I00 per
cent vegetable protein diet as on IO percent or 20 per
cent fish meal diets. The natural foods available in
ponds are thought to compensate for these differences
in diet quality, at least for producing fish yields in the
range of 600 to 800 lb/acre. Most commercial diets
contain at least 5 percent animal protein.
Optimum amount of fat (lipids) in diets for bait
fish is under research. Fat is an inexpensive source of
calories, and "fatty" baitfish are not a problem to the
consumer. The amount and type of fat in the diet is
being studied to determine if it affects ability of bait
fish to withstand the stress of harvesting and market
ing. The amount of fat that can be added will depend
on the protein content of the feed. For young golden
shiners and goldfish, a 34 percent protein diet with up
to 12 percent fat can be tolerated without a significant
reduction in growth. For a diet with 29 percent pro
tein, IO percent lipid is near maximum.
Eliminating non-essential components in pre
pared feed formulas also reduces costs. In a pond
study where natural foods were available to fish,
there were no significant differences in the growth or
yield of golden shiners with or without the vitamin
mineral premix that is normally added to diets.
Nutritionists generally agree that practical minnow
diets do not require vitamin and mineral supplements.
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However, research is needed to determine the effect
of eliminating vitamin supplements from feeds on
fish health as well, not just fish growth or yield.
FEED FORM

Baitfish feed is available as meal, sinking pellets,
floating (extruded) pellets or as crumbles (crumbled
extruded pellets).

Three commonly used feed forms: meal, crumbles and
pellets.

Fry need finely ground feed or meal. Newly
hatched fry are able to consume commercial minnow
meal, although their nutritional requirements have not
been determined. Meals are best suited for fry. Larger
fish cannot feed efficiently on meals. Fish will feed
readily on the particles that float, but a good portion
of meal sinks to the bottom and the waste feed will
cause water quality problems. Producers switch grad
ually to a pelleted feed after fish are 3/4 inch long.
Pellets remain stable for hours in water, but nutrients
leach quickly from meals. Baitfish can probably get
more out of small floating pellets than any other feed
form. Many producers feed crumbles throughout the
year. Crumbles offer the advantage of a variety of
particle sizes, but feed is wasted if it contains fines or
if too much sinks.
Small floating pellets produced in the past,
extruded using a I/ I 6-inch die, were expensive due to
low demand and slow extrusion process and were
restricted mainly to high protein diets for catfish
fingerlings or trout. However, small pellets are now

produced at a more reasonable cost. Larger, 1/8-inch
floating pellets, are available in 28 or 32 percent pro
tein and are used with good success in large ponds
because fish pick at the pellets until they become
bite-sized.
Sinl<ing pellets are also used and cost slightly
less, but do not allow the producer to observe feeding
response. Fish feeding response is an important
indicator of fish numbers and general fish health. One
possible advantage to sinking feeds is that bird depre
dation on feeding fish should be less if fish don't
have to stay at the surface to feed. Many baitfish
producers use sinking feeds for feeding in smaller
ponds, feeding larger fish and for baiting a comer of
a pond prior to seining. Sinking or slow sinking feeds
are popular in the winter months, when winds are
strong and fish are slow to feed. Sinking feeds are
more appropriate for goldfish because they are better
bottom feeders than golden shiners or fathead
minnows.

Loading a feed truck from storage bins.

aggressively at first, but take a longer time to satiate
than catfish. Shiners may continue to feed slowly but
steadily for up to 45 minutes. In the hot summer
months, fish are best fed in the morning unless early
morning oxygen levels are unacceptably low (below
2 mg/I).
Feeding is an essential management tool. Farm
managers and owners may personally take charge of
feeding in order to observe fish size, health and num
bers in each pond. This is because it is difficult and
challenging to track farm inventory. Survival rates
vary tremendously from pond to pond. Fish may need
to be spread out for better growth. Fish that do not
respond to feed may be living off a bloom of natural
food, or may be stressed from water quality or dis
ease problems. Through careful daily observations the
producer can monitor inventory and health.

�+'

Baiting a corner of a pond with sinking pellets.
FEEDING RATES
FEEDING FISH

Most farms buy feed in bulk and store it in bins,
where it can be gravity-fed or augered into the hopper
on a truck-mounted feeder or feed wagon. Feed is
then blown out over the water along the up-wind
edges of the pond only, to provide fish time to con
sume the pellets before they wash up on the opposite
banks. Floating pellets are not used on very windy
days. Ponds should be checked some time after feed
ing so that excess feed can be noted. Fish should be
allowed enough time to feed. Golden shiners feed

Feeding rates are gauged mainly by the projected
market demand for various fish sizes. Many farmers
start feeding at 5 lb/acre/day, then gradually increase
to IO or 15 lb/acre/day. However, for goldfish stocked
at high densities feeding rates may exceed 40
lb/acre/day. Anticipated market demand determines
the sizes of baitfish a farmer needs to produce. In
some ponds, a maintenance diet of I percent of body
weight per day may be sufficient to hold feeder gold
fish or crappie minnows for spring. On the other
hand, quick growth may be desired, and then higher
feeding rates are necessary.
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Trichodina on a gill filament. Photo by A. J. Mitchell.
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Free-living lchthyobodo. Photo by A. J. Mitchell.

Chilodonella ("Killer Don"). Photo by G. L. Hoffman.

Cryptobia. Photo by G. L. Hoffman.

Apiosoma. Photo by G. L. Hoffman.
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Gyrodactylus. Photo by A. J. Mitchell.

Dactylogyrus. Photo by G. L. Hoffman.

Lernaea. Photo by A. J. Mitchell.

Argulus. Photo by G. L. Hoffman .

External fungus (Saprolegnia). Photo by A. J. Mitchell.

Goldfish Bacterial Ulcer Disease (Aeromonas
salmonicida). Photo by G. L. Hoffman.
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Baitfish farmers who use feed for the first time
are often amazed at how fast fish grow, and how
quickly they can grow too large for certain market
sizes (farmers say the fish "get out of size"). Stocking
density and feeding rate interact to determine fish
growth. It is far better to control fish size by increas
ing stocking rate than by reducing feed. Maintaining
high fish densities is more difficult, but reducing feed
will result in thin, weak fish that are much more sus
ceptible to common diseases.
Assuming that there is a market for the fish pro
duced, feeding rates of 4 to 5 percent of body weight
per day result in higher yields and greater profits. At
high feeding rates, poor survival can result in high
feed conversion ratios. The feed conversion ratio
(FCR) is total pounds of feed fed from stocking to
harvest divided by pounds of fish produced. Typical
FCR 's for baitfish are 0.8 to 1.0 with good survival.
However, even with an FCR of 3: I, feeding is
profitable if a market can be found. Higher feeding
rates increase the chance of oxygen problems and the
need for aeration.
In a pond study where golden shiners were fed as
much as they could eat at one time, they consumed
somewhat less than 3 percent of body weight. When
feeding less than 3 percent of body weight per day,
feeding once per day was sufficient. Where high
feeding rates of 4 to 5 percent of body weight are
desired, feeding twice a day is best.
If feeding is missed for one or more days, fish
should not be fed twice or more times the normal
amount when feeding is resumed to "make-up" for
the missed period. This commonly creates ammonia
problems in baitfish ponds even at relatively low
feeding rates. However, fish do exhibit compensatory
gain, and if consumed, the extra feed would result in
more rapid growth. Careful observation and monitor
ing of ammonia would ensure that the additional feed
was not being wasted.
Muddy levees may prevent access to ponds dur
ing the winter. Nevertheless, a regular winter feeding
program is beneficial. Fish fed during the winter are
healthier and survival rates are higher. As a general
rule, feed fish during warm winter periods when air
temperature exceeds 45 degrees F. Feed them I to 2
percent of body weight. Winter feeding provides an
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additional benefit in helping to maintain pond
blooms. Ponds that receive fertilizer only often lose
their bloom during the winter, and in some ponds
schools of fish run the banks in the spring. As it is
too cold for spawning, and no water quality problems
have been detected, it has been theorized that the fish
do this because they are hungry. Fish in clear water
near the bank are particularly vulnerable to predators.
FEEDING RECOMMENDATIONS

Feeding should begin when free-swimming fry
are first spotted. High protein feeds are best for the
fry, and a 48 percent protein starter feed is often used
for baitfish. The surface of the pond is dusted with
feed at a rate of I pound per surface acre, twice daily,
for three weeks. Feed is blown out along the sides of
the pond, where fry tend to congregate. Young fish
depend heavily on natural zooplankton so proper
pond fertilization is essential. Fry are normally fed
more than they can eat, and the extra feed serves as
organic fertilizer. After three weeks, fry are switched
to a 32 or 33 percent protein meal at a rate of 2 to 5
pounds per acre per day.
When fish reach a size of approximately 3/4 of
an inch, they can eat a variety of items. Many pro
ducers use to a small diameter pellet or crumble to
feed this size of fish. Regardless of the choice, the
feed should contain at least 29 percent crude protein
and feeding should continue until harvest. The feed
ing rate is gradually increased to 15 to 20 pounds per
acre for golden shiners and fatheads. Goldfish are fed
at three times this rate.

WATER QUALITY MANAGEMENT
AND AERATION
Managing water quality includes managing the
algae bloom. Color changes in the bloom - for
example, dark streaks in the water - may indicate that
the bloom is dying and oxygen problems may be
near.
Microscopic plants in the bloom produce oxygen
during the day, but consume oxygen both day and
night. Dissolved oxygen concentration drops at night
due to respiration of the plankton, bottom mud and
the fish, and the bloom itself is actually the major
consumer of oxygen.

The most common water quality problem is low
dissolved oxygen in the early morning. This may be
caused by a heavy bloom or a bloom die-off. Pro
longed cloudy weather will reduce oxygen production
so that morning oxygen concentrations dip lower and
lower each day. Bloom die-offs can be partial or total.
Changes in bloom texture and water color, particu
larly to a grainy white/pale green or to a thin gray or
brown, typically accompany a bloom die-off. When a
bloom dies, oxygen levels drop, even on a sunny day.
Usually the bloom recovers in three to four days,
although it can take longer.
When a bloom dies it is best to aerate the pond
using a pump or aerator and continue until the pond
recovers. Tractor-driven paddlewheels are particularly
effective in raising oxygen levels in an emergency.
Turning on a well can help if the well water is
sprayed out, broken up or otherwise oxygenated
before reaching the pond. Since most well water con
tains very little oxygen, adding well water straight
into a pond will make the situation worse.
Aeration is the only method to help fish during
an episode of low dissolved oxygen. Adding chemi
cals will not help and may make the situation worse.
Research has shown that chemicals such as potassium
permanganate, sodium bicarbonate or hydrated lime
do not increase the oxygen significantly. Potassium
permanganate does oxidize organic matter, but it also
kills the remaining phytoplankton, which adds to the
oxygen demand so that the pond takes longer to
recover. With no bloom, there is no source of oxygen.
Sodium bicarbonate does nothing to increase oxygen
levels. It raises the alkalinity but it does not remove
carbon dioxide. Hydrated lime does reduce carbon
dioxide levels, but aeration is the better alternative
because it releases carbon dioxide from the water.
Also, if the pond has a high level of ammonia, which
is common with bloom die-offs, adding lime can
increase the pH, and that increases the percent of
total ammonia that is in the toxic unionized form.
A light application of liquid fertilizer may help
restore the bloom quickly, but nutrients released from
the decomposing bloom will also serve to stimulate
the growth of a new bloom. The fertilizer cannot
stimulate the bloom quickly enough to provide any
immediate relief from low oxygen.

Ammonia presents another problem for the fish
producer. Ammonia is released by fish during the
breakdown of protein in the feed, and results also
from rotting of uneaten feed. If the total ammonia
nitrogen level is as high as 3 parts per million, the
feeding rate should be reduced and the pond flushed
with fresh water.
AERATION
Many baitfish producers have permanent aerators
in their production ponds. Ponds may be equipped
with floating paddlewheels or propeller-aspirator
pumps. With deep watershed ponds, one Arkansas
producer uses a shore-mounted blower to run a large
airlift pump in the deepest part of the pond. Pro
ducers use paddlewheel aerators at a rate of about
0.5 hp per surface acre. Some producers aerate
continually during summer. These producers feel that
the aerators destratify the ponds and carry oxygen to
the pond's bottom. Fish are attracted to aerators by
the water current which they generate, so they can be
harvested from the area in front of an aerator. Other
producers aerate at night only, usually from midnight
to about one hour after dawn. Research has not found
any benefits from daytime or continuous water circu
lation in shallow golden shiner production ponds.

Propeller-aspirator-pump aerator.
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Electric paddlewheel aerator.

Control of nuisance aquatic insects presents
another problem for the baitfish producer. Aquatic
insects can be a major predator on young fry, espe
cially during the first few weeks of life when the fry
stay in shallow water around the pond edges. In
ponds that are grossly overstocked with eggs, large
numbers of fry become stunted at a small size and
remain vulnerable to insect predators.
Insect problems become worse as the season
progresses. Populations of backswimmers, a major
insect predator, are relatively low in April and May,
but increase dramatically in June. Currently, there are
no insecticides registered for use on any fish species
for insect control. Research has indicated that several
vegetable oils together with a surfactant show
promise, but this work is in the developmental stages.
Good management practices can help control
insects. Since insects are slower to colonize the pond,
fish that are stocked immediately after rapidly filling
the ponds can outgrow the insects.

ANNUAL PRODUCTION CYCLE

A blower powers this air-lift system for deep ponds.

Baitfish producers use pumps or tractor-powered
paddlewheel aerators for emergency situations. These
large units are excellent for putting large quantities of
oxygen into the water in a short time, but are expen
sive to operate and maintain. The paddlewheel aerator
should be set level, with the blades at a water depth
of IO to 12 inches. The tractor should run at approxi
mately 1900 rpm.
Not all baitfish producers monitor oxygen, but
undoubtedly they should, especially during the
warmest months. By measuring oxygen regularly at
sunrise and sunset, producers can see trends and
avoid problems.
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The annual baitfish production cycle begins in
late winter with preparations for the coming spawn
ing season. New mats are made, and equipment and
supplies are prepared. Some ponds are drained and
completely harvested in order to create space for the
new crop. Sales of small bait minnows, hatched the
previous year, increase as the weather gets warmer.
Goldfish begin to spawn in late March and peak in
mid-April. Golden shiners follow several weeks
behind.
The spawning season is a period of intense farm
activity. Workers may begin to move mats at 6:30
a.m. Mats are placed in brood ponds daily when
spawning activity is anticipated. Egged mats are
moved to grow-out ponds daily. Ponds with newly
hatched fry are fertilized and fed, and once fry swim
freely, the old spawning mats are removed and dried
in order to use them again. During this period, fish
from the previous year still must be harvested, graded
and sold, and additional ponds are drained and
refilled so that they are ready for mats from brood
ponds.

In early summer, goldfish and golden shiner
spawning activity declines. Farmers are still busy har
vesting for sales and spreading out fry from crowded
ponds. Where ponds have too few fish, more fish may
be added from other ponds.
By mid-summer the pace of farm activity is
slower. Sales usually slow due to warm weather.
Water quality becomes a major concern as plankton
blooms thicken, leading to "hot" ponds, with oxygen
problems. Fish are fed daily, and ponds must be
monitored for signs of disease. Bird depredation is
also a major concern (see chapter on Diseases, Pests
and Problems), and labor is required to patrol the
farm, moving birds around. Levees must be mowed,
and brush and weeds controlled. Pond levees may
need repair from erosion.

Sales increase in the fall, and harvests continue.
Ponds are often fertilized again in the fall just before
the weather turns cool to ensure that the bloom lasts
through the winter. Fish are fed as much as possible
to add to their reserves of fat. Fluctuating tempera
tures and high standing crops of fish can lead to dis
ease problems. Hunting season brings the first oppor
tunity for many farmers to take a break from work.
Winter brings cold weather and occasionally ice,
but fish are still harvested, even from under the ice, if
necessary. Fish are fed on warmer days to maintain
health and condition. Fish-eating birds, especially
diving ducks, are a major problem for farmers during
the winter and spring. Sales continue through the
winter. Equipment is repaired, and results from the
previous year are evaluated. Farmers may attend edu
cational meetings and trade shows, gathering infor
mation for possible improvements in the next
production season.

Keeping levees mowed reduces pest problems.
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HARVESTING, HOLDING, GRADING
AND TRANSPORT
Expensive, specialized equipment and facilities
are needed for harvesting, holding, grading and trans
porting baitfish. Harvesting equipment includes
several seines of varying lengths, a seine reel, seine
stakes (also called "dead men"; made from concrete
reinforcement rods or a piece of I inch x 2 inch
lumber made from a 2 x 4 split lengthwise), an
aluminum boat with trolling and outboard motors,
dipnets, waders, many 5-gallon plastic buckets and
several trucks, one or more of which is equipped with
a hauling tank with an aeration system.
Holding fish for grading and transport requires a
"minnow shed" or "holding shed," as described in the
section on facilities. A minnow shed must have
numerous concrete vats for holding fish, a water sup
ply system, a drainage system, an aeration system, a
back-up generator and several sizes of graders for
sorting the fish to various sizes. Small lots are loaded
by bucket. A large producer may use modified fork
lifts that are equipped with tipping basins in order to
load fish onto transport trucks. Very large specialized
transport trucks are needed to ship baitfish to regional
markets.
A few farms have added specialized facilities and
equipment for packing minnows and shipping by air.
A refrigerated truck may be used to transport boxed
fish to the airport.

HARVESTING
The vast majority of baitfish producers harvest
fish with seines. Small operations with limited
personnel may harvest fish in traps or lift nets.
Seines and dipnets are generally made with 3/16inch mesh woven nylon. Smaller, 1/8-inch mesh is
used to harvest fry, but this also retains debris and is
much harder to handle. Mesh size larger than 3/16inch can catch fish behind the head (called "gilling")
and cause heavy mortality. To harvest an entire pond,
seine length should be 50 percent longer than the
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pond's width. Seine depth (width) should be twice the
average pond depth. This will allow a bag to form
when landing the seine.
Seines have a top, or float line, constructed from
nylon or polyethylene rope with plastic floats placed
I l /2 to 3 feet apart. The lead line, also called the
mudline, has a larger diameter polyethylene rope with
lead weights attached every I to I 1/2 feet. The mud
line can also be made from several strands of smaller
rope wound together, with lead weights attached.
Each end of the seine is attached to a wooden pole,
called a brail.
For smaller ponds, 2 acres or less, the whole
pond is harvested. The seine is stretched across one
end of the pond and pulled to the other. One or two
people are needed on each end of the seine. It is slow,
heavy work to drag a seine. It must be pulled slowly
so that the mudline stays on the pond bottom. The
brail should be held at a 45-degree angle to keep the
mudline ahead of the floatline. Otherwise, the seine
will trip and fish will escape.
Landing the seine is the critical step in seining.
The mudline must be kept on the pond bottom to pre
vent escape. As the seine is brought to shore, the
floatline is pulled faster than the mudline. When the
mudline is pulled to shore, the floatline is "rolled
over" to form a bag. A "box" is formed as the seine
comers are lifted up and staked.
For large ponds, IO acres or larger, the whole
pond can be harvested if large quantities of fish are
needed. For smaller harvests, "baited" corner can be
cut.
For whole pond harvest, the seine is unwound
from its reel by a boat with a trolling motor and
stretched across the pond. The seine is then pulled
with the boat, by hand or with a vehicle. Eventually,
the seine forms a semi-circle and is landed as
previously described.

For partial pond harvest, one or more corners of
the pond are "baited" with a bucket of sinking feed.
At least 45 minutes are allowed for the fish to gather
near the feed . The seine is then carefully and quietly
pulled across the corner of the pond to trap the fish.
The seine is landed as previously described.

Scrapping out goldfish brooders.
Golden shiners in a bagged net, ready for loading.

Seine reel with fine mesh knotless net.
Loading fish by bucket.

Fish are dipped from the seine into 5-gallon
buckets containing 2 gallons of water. Twenty-five
pounds or more of fish are dipped into each bucket
and then poured into an aerated compartment on a
hauling truck. Care must be taken in dipping the fish.
Fish should not be held in the seine for more than an
hour. Holding fish for extended periods in warm
weather is dangerous. Fish tend to fight against the
seine and will lose scales, thus ruining the fish's
value. Fish harvested during spawning season gener
ally are "softer" and do not handle or hold as well as
during other times of the year.
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Harvest trucks have two to eight I 00- to 300gallon hauling compartments. These can hold I to 2
pounds of fish per gallon of water. Tractor-trailer
trucks used to transport bait to regional distributors
have 20 or more compartments. Each compartment
on a truck must have a drain. Minimum drain size is
6 inches, and larger sizes are preferred.

Hauling tank aerated with agitators.

HOLDING

Farm hauling trucks with liquid oxygen tanks and seine
stakes.

From the hauling truck, fish are drained through a
large diameter plastic pipe into concrete vats. These
vats have a capacity of 1,500 to 2,000 gallons and can
hold 350 pounds of baitfish. Vat dimensions, water
supply and aeration systems are described in the
facilities section.

·1 .

Most producers equip hauling tanks with liquid
oxygen aeration systems. The system consists of a
large oxygen cylinder and support bracket, a pressure
regulator, air-lines to the compartments, flow meters
for each compartment, and a diffuser or airstone for
each compartment. Cylinder pressure should be set at
30 to 35 pounds per square inch and flow set at 3 to 5
liters per minute. Too much pressure will blow seals
in the flow meter and make them useless. Too much
oxygen flow causes turbulence and will injure small
fish.

Unloading fish into a vat.

Some small operations still use transport trucks
equipped with 12-volt agitator aerators. These are
adequate in most cases. Spare agitators are needed in
case of failure. Care must be taken to ensure that the
agitators are properly "plugged in." If incorrectly
"plugged in," the agitators spin in the wrong direction
and the motor will be damaged.

Care must be taken to prevent injury while
unloading fish. Temperature shocks of more than I or
2 degrees should be avoided and vat water should be
aerated for several hours before fish are unloaded. In
addition to adding oxygen, aeration vents off carbon
dioxide, which plagues many holding facilities.
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Fresh well water is run to vats with newly
harvested fish. This flushes out pond water and
"cleans up" the fish. Dead or weak fish accumulate
against the drain screen, where they are removed.
After an initial period, water flow is reduced. Vats
usually receive a constant trickle of water and are
flushed once or twice daily with fresh water to pre
vent the build-up of ammonia. Simple test kits are
available to monitor ammonia.

while they purge and adjust to the vat environment.
Fish are cleaned up during this period through
removal of tadpoles, trash and dead or sick foh. The
fish are graded by size the day after harvest, and are
shipped to final markets a day later. Fish are not fed
in the vats.
When vats are heavily loaded with fish, dissolved
oxygen concentrations may fall to unacceptably low
levels even in aerated vats. Chronic low oxygen leads
to fish "breaking clown" with diseases such as colum
naris. It is essential that oxygen levels be monitored
and kept above 4 mg/I, especially in crowded vats and
during summer months.

GRADING
Fish harvested from ponds have a large variation
in size even though they are approximately the same
age. Different markets exist for different sized fish,
thus fish must be sorted by size. This process is
referred to as grading.

Vats are flushed once or twice a day to remove
ammonia.

Soon after baitfish are unloaded from the hauling
truck into the vats, the fish's intestinal tract must be
purged. A 0.5 percent salt solution, or 60 pounds per
vat, is left on overnight for purging and to "harden"
fish. Hardening refers to the acclimation of the fish to
vat conditions and the subsequent increased ability of
fish to withstand handling. Fish newly-brought in
from ponds are usually not handled for the first day,

Grading can be accomplished by means of a drag
grader or a box grader. Drag graders, also called
panel graders, are smooth precision-spaced bars set in
panels which are welded or bolted to rectangular
metal frames. Graders are built with an adjustable
clip on the side and rubber flanges to fit them tightly
against the vat walls. The grader is stood upright in
the vat, snug against the side walls of the vat, and is
pulled from one end of the vat to the other end,
crowding the fish. Smaller fish swim through the
grader. Larger fish are retained by the grader, and are
dipped out, weighed and transferred to another vat.
The process is repeated several times, each time with
a smaller spaced grader.

,,..l

Adding salt to a vat.
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Farms need many different sizes of panel graders.
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Grading fish using a panel grader.

Box graders float in a vat. A floating frame holds
interchangeable baskets, which are made of smooth
aluminum bars held at even spacing by rubber bars.
Spacing between bars in the basket is in increments
of I /64 inch. Fish are crowded by use of a block net
which is made of netting on a large frame, the same
size as the drag grader. They are dipped into the box
grader. As with drag graders, large fish are retained,
small fish swim through the grader, and the process is
repeated with a smaller size grader.

Box graders are used for small amounts of fish.

Water current can be used to assist in the grading
process. Golden shiners will swim against the flow,
and fixed graders can be set at intervals in a vat, with
grader bar spacings becoming increasingly smaller
towards the water source. Fish are added at the drain
end of the vat, and they grade automatically as they
move up-current.
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Golden shiners are usually graded into three or
more size groups. One of the more common grading
schemes includes "jumbo" or "brooder," "mediums,"
and "crappie bait." The "jumbo" size is retained by a
27/64-inch grader and is referred to as large trotline
bait. They are used as bait for large catfish, ice fish
ing and for largemouth bass in Florida. Mediums
swim through a 27/64-inch grader but are retained by
a 19/64-inch grader. Mediums may be referred to as
small trotline bait and are used for bass and catfish.
Crappie bait swim through a 19/64-inch grader, but
are retained by a 13/64-inch grader. As the name
indicates, they are used for crappie fishing. Fish that
swim through a 13/64-inch grader are too small for
sale and are returned to the pond.
This is not the only grading scheme used in the
industry. Demand for fish size varies seasonally and
with locality. There is something of an art to grading
fish into categories for sale. Also, size range may
vary with availability. The producer and distributor
work together to sell the fish at hand. Approximate
lengths and weights of golden shiners, by grader
spacing, are given in Table 2.
Goldfish are traded in the same manner as golden
shiners. Sizes include trotline, mediums and feeders.
Trotline size are 3 inches and larger, and are retained
in a 32/64-inch grader. Trotline size are used for large
catfish. Medium goldfish swim through a 32/64-inch
grader but are retained by a 23/64-inch grader. There
is a rather limited market for medium goldfish,
although some are used in Arkansas for catfish or
bass bait. Feeders pass through a 23/64-inch grader
but cannot swim through a 16/64-inch grader. In
addition to feed for piscivorous aquarium fish,
feeders are used in some areas for crappie fishing.
Table 3 lists approximate lengths and weights of
goldfish by grader spacing.
Fathead minnows do not reach as large a size as
do the other bait species, so much less grading is
needed. Commonly, a 15/64-inch grader is used, then
a 13/64-inch grader, and anything passing through the
13/64-inch grader is sent back to the pond. Some pro
ducers now sell small fathead minnows as feeder fish.
These fish swim through a 13/64-inch grader but can
not pass through an 11/64-inch grader. Approximate
fathead minnow size by grader spacing is given in
Table 4.

Table 2. Grader spacing and length/weight relationship for golden shiners.
Grader Spacing in
64th-lnch Increments

Length in Inches

Number Per Pound

Pounds Per 1,000

27 and up

5.0 and up

less than 33

30 and up

23-27

4.0 - 5.-0

33 - 50

20 - 30

21 - 23

3.5 - 4.0

83

12

17 - 20

3.0-3.5

125

8

15

2.5

200

5

13

2.0

256

3.9

12 and less

subsalable

Source: L. W. Dorman, 1991. Arkansas Aquafarming, 9(2). Derived from industry observation and producer interviews.

Table 3. Grader spacing and length/weight relationship for goldfish.
Grader Spacing in
64th-lnch Increments

Length in Inches

Number Per Pound

Pounds Per 1,000

32 and up

3

less than 60

17 and up

23-32

2-3

60 - 170

6 - 17

16-23

1-2

200-333

3-5

16 and less

subsalable

Source: L. W. Dorman, 1991. Arkansas Aquafarming, 9(2). Derived from industry observation and producer interviews.

Table 4. Grader spacing and length/weight relationship for fathead minnows.
Grader Spacing in
64th-lnch Increments

Length in Inches

Number Per Pound

Pounds Per 1,000

17 and up

2.75

175

5.7

15 - 17

2.25

250

4.0

13 - 15

1.75

350

2.8

12 and less

subsalable

Source: L. W. Dorman, 1991. Arkansas Aquafarming, 9(2). Adapted from S. A. Flickinger, 1971.
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GROUND TRANSPORT
Fish are ready for transport two days after har
vest. By this time their intestinal contents must have
purged and they are sufficiently "hardened" for trans
port. The baitfish are crowded to one end of the vat
by use of a net or small mesh grader and a fine mesh
block net is often used to scoop fish up from in front
of the grader and to hold them near the surface in the
vat for loading. Fish are dipped into 5-gallon buckets
containing a premeasured volume of water. Volume
displacement can be used to save labor (instead of
weighing the buckets) by having a 25 pound mark
near the top of the bucket. Buckets are emptied into
aerated compartments on a hauling truck. To save
even more labor, some producers shift fish from vat
to vat or to the hauling truck with a large-capacity
container (equipped with an oxygen tank and diffuser
system) which can hold I 00 or more pounds of fish.

The tanks can be tipped to load fish onto hauling
trucks.

Again, volume displacement is used instead of
weighing the fish. This tank is emptied onto the truck
by means of a forklift.
Hauling temperature is critical for baitfish.
Baitfish haul best at 61 degrees F and at a rate of I to
2 pounds per gallon of water. For a very short haul of
two hours or less, this rate can be exceeded.

I

/

I

Large truck for long distance transport of fish.
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Ice is added to maintain proper shipping temperatures.

Loading baitfish into a forklift-mounted tank. Note the
oxygen cylinder that supplies the tank.
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Problems may arise during transport. Aeration
systems may malfunction, so the driver must monitor
the flow meters and check cylinder pressure.
Typically, drivers stop every I l /2 hours or so to
check on the load. During transport, fish continue to
produce metabolic waste, so it is important to moni
tor ammonia and pH. For fish hauls in excess of 24
hours, a water change is needed. If water is changed
during transport, be aware of potential problems. In

addition to temperature differences, there may be a
difference in water chemistry in water added to the
truck. Changing fish from an environment with a pH
of 8.0 and a total alkalinity of 170 parts per million to
a pH of 6.0 and 20 parts per million alkalinity is as
stressful as temperature shock. Replacement water
quality must be compared carefully to hauling water
quality and should be matched as closely as possible.
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Diffuser hoses in each tank release oxygen into the
water.

Addition of one cup of baking soda (sodium
bicarbonate) plus I.7 pounds of table salt (sodium
chloride) or calcium chloride per I 00 gallons will
help reduce stress during transport and correct differ
ences in alkalinity and pH.
It is important to measure the temperature of the
receiving water at the final destination. If the differ
ence is greater than 5 degrees, the fish on the truck
should be tempered.

Liquid oxygen is widely used for
hauling fish.

Many wholesale minnow dealers also use 18-inch
by 32-inch plastic bags inflated with oxygen to trans
port fish. The bags should have at least 2 gallons of
water and can safely haul 6 pounds of fish. It is
important to keep the bags cool and out of direct sun
light. At the baitshop, the bags should be floated in
the tank for up to 30 minutes to let the temperatures
equalize. Fish should never be poured immediately
into the tank.

AIR TRANSPORT

Flow meters allow the driver to monitor the delivery of
oxygen to the individual compartments.

Fish shipped by air are held in separate tanks and
chilled water is added to lower the temperature. Each
insulated shipping box is fitted with two square
bottomed plastic bags, one inside the other. A set
volume of chilled water is added and fish are
weighed into the bag. For long transit times, mesh
bags with ammonia-absorbing compounds (such as
clinoptilolite) are added. The air above the water is
then squeezed out of the bag, and oxygen is added to
fill the bag. Rubber bands seal the two bags, one at a
time. Conveyor units with rollers support and move
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boxes through the packing process. Shipping arrange
ments and pre-printed labels can be made through a
computer link to an air transport company.

;.:;

Baitfish are held in baitshops at densities of
I pound per IO gallons of water to 1 pound per 4 gal
lons of water. Heavier densities require more flushing
capacity or a fast inventory turnover. Baitshops
should have the capacity to flush at least one volume
of water per day.
The two most common baitshop problems are
with chlorine and ammonia. Ammonia-absorbing
water treatments are available, but flushing is still
best. Baitshops must remove dead fish any time they
are seen in a tank, as they are unsightly and con
tribute to high ammonia levels.
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Preparing and packaging fish for air transport.

BAITSHOPS
Baitshop tanks may be in an open shed covered
by a roof or in a totally enclosed room. Fish should
be kept out of direct sunlight. Fish live best in refrig
erated vats or in air-conditioned buildings with water
temperature held at a temperature of 70 degrees F. If
a building is enclosed but not air conditioned, then
evaporative cooling devices will help to maintain bait.
A fan blowing across the bait tanks works very well
or a small pump can be used to lift the water a few
feet and allow it to trickle back into the vats. While
agitators can be used for aeration, baitshop owners
report favorable results using small blowers or com
pressors and numerous airstones.

Baitshop holding tank.
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New holding tanks can cause problems. New
concrete vats may leak alkalies into the water which
can eventually kill the fish. Alkalies can be neutral
ized by the addition of I pint of glacial acetic acid
per 200 gallons of water. Allow the solution to sit for
several days. Concrete tanks can also be coated with
an epoxy-based swimming pool paint that does not
contain copper or another anti-fouling compounds.
Fiberglass or food-grade plastic tanks are excel
lent for holding bait. Galvanized tanks may be used
in baitshops and are suitable for holding fish.
However, in very soft water, galvanized tanks will
release zinc, and this may kill fish unless the tank is
coated with a suitable FDA food grade approved
material.

DISEASES, PESTS AND PROBLEMS
In aquaculture, disease is the single largest source
of economic loss. For this reason, fish farmers need
to become familiar with the types of diseases that can
occur in their operations, how and when they occur
and how to minimize or prevent them.

changes, etc.), rough handling, poor hauling
conditions, overcrowding of fish, poor fish nutrition
and the over-use of treatment chemicals. Good
management practices can help prevent stress and
stress-initiated fish kills:

There is a critical need for more attention to fish
health through preventative checks. All too often, a
fish disease diagnostician is consulted only after a
significant number of fish have died. By the time a
diagnosis is made, it is often very late in the disease
cycle and therefore very difficult to do anything to
significantly alter the natural course of the disease.
More often than not, factors which may have pre
disposed fish to the disease could have been easily
avoided.

WATER QUALITY

As the baitfish industry expands, it becomes
increasingly competitive and more intensive farming
techniques are inevitable. Along with more intensive
culture is the increased occurrence of disease in aqua
cultured fish. Diseases in baitfish are an increasing
problem, and each farm must adequately manage
diseases in order to make a profit.

DISEASE PREVENTION
Preventing disease is far more economical than
treating sick fish with costly drugs and chemicals.
Steps to prevent disease should be seriously
considered.
Many of the pathogens found in fish are nearly
always present in the pond or culture system and are
waiting, ready to break out on physically weakened,
highly stressed fish. Even for diseases that are not
opportunistic, the stress level of a fish will determine
how hard, how often it hits or how long it lasts.
Minimizing fish stress is one of the most important
steps to take to reduce losses to disease.
The most common stress factors are poor water
quality, such as low dissolved oxygen or high ammo
nia, rapid changes in water quality (rapid temperature

1.-

Maintain appropriate water pH, alkalinity, hard
ness and temperature.

.- Maintain dissolved oxygen above 4 mg/L.
Oxygen concentrations below this level may not
kill fish immediately but will stress them to the
point that some die.
.- Prevent the build-up of ammonia and nitrite,
carbon dioxide and hydrogen sulfide .
.- Monitor water quality regularly.
c.-

Avoid overcrowding. This is often difficult since
overcrowding is a common method of holding
fish at a marketable size.

NUTRITION

.- Feed a high protein feed or a supplemental feed
and fertilize adequately so that the nutritional
requirements of fish are met.
.- Avoid over-feeding or over-fertilization. Excess
feed will result in high ammonia levels and cause
other water quality problems. Over-fertilization
may result in dense blooms of blue-green algae,
which are a poor food and may possibly be
sources of toxins.
HANDLING AND TRANSPORTATION

1.- Minimize physical injury and stress during

capture.
( 1) Use knitted mesh nets instead of knotted nets.
(2) Handle fish as gently, as quickly and as little
as possible.
(3) Minimize the number of times fish are lifted
from the water.
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_. Harvest, handle and transport fish in the early
morning or evening instead of during the heat of
the day.
_. Maintain proper transport conditions as outlined
in the previous chapter.
SANITATION

_. Quarantine all new fish and watch for dead ones.
Send samples of sick fish to a disease diagnostic
laboratory for examination.
.- Maintain a disease-free water supply. Well water
is generally free of pathogens, but surface water
contains wild fish that pass infectious organisms
to the cultured fish.
.- Remove any dead fish immediately and dispose
of them properly to prevent the spread of disease .
.- Disinfect equipment, tanks and ponds. Diseases
can inadvertently be transferred from one pond or
tank to another on wet nets, seines, or even hoses,
boots or tubs. The most common and economical
way to disinfect equipment or tanks is to let them
drain and dry for a day, or as long as necessary to
dry thoroughly. This is sufficient for almost all
known disease organisms affecting Arkansas
baitfish.

DISEASES
PARASITES

For many fish species, parasites are not a ma jor
problem. However, in baitfish aquaculture, parasites
cause the most significant disease problems. Parasites
reduce broodstock fecundity, make fish unsightly and
unsalable and cause high mortalities in the ponds.
Since baitfish are generally crowded in vats for days
after harvesting, fish with severe gill damage or
weakened by parasites will die during transport.
There are several general types of parasites protozoans, trematodes, cestodes, nematodes, and
crustaceans.

Protozoans - Protozoans are small, single
celled parasites and usually require a microscope
for identification. Protozoan parasites of concern
are:
(I) lchthyophthirius multifiliis

(View with the naked eye or at 40x power
under microscope)

Commonly called "ich," it appears as small
white pimples on the skin, fins and gills. It
causes irritation and the fish then excrete
excess mucus. The chronic release of mucus
reduces breathing capacity. A secondary
infection may then set in, or serious stress
characterized by starvation. lch occurs from
fall to spring.

Hang nets and equipment to drip dry. Stack
buckets and tubs upside down so they drip dry.
For rapid disinfection of equipment or tanks, first
spray off mud and organic matter. Then soak with
IO ppm (parts per million) chlorine. The chemical
HTH is a good source of chlorine, but must be
handled with care. To prepare a IO ppm chlorine
solution, use 2 ounces HTH in 1,000 gallons of
water. Be careful not to breathe in the fine pow
der. Weigh out the dry powder and add water
gradually and mix. Wear rubber gloves. Soak
equipment in this solution for 30 minutes, and
then spray or rinse thoroughly in clean water
before using on fish.
To disinfect a drained pond, broadcast 2 tons per
acre of slaked lime (calcium hydroxide) and then
disk. Be careful to follow safety instructions
when applying the lime.
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lch on fin. Note C-shaped nuclei. Photo by F. P. Meyer.

(2) Trichodina (View under 40x microscope)
Trichodina is a small circular protozoan with
very symmetrical abrasive grooves on its
surface. The irritation causes excess mucus
production on the gills, skin and fins, and this
reduces breathing capacity and causes sec
ondary infections or stress-induced
starvation. It occurs from fall to spring.
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lchthyobodo on gills. Photo by G. L.

Hoffman.

(4) Chilodonella (View under 40x microscope)

Trichodina on a gill filament. Photo by A. J. Mitchell.

Chilodonella is an irregular oval shaped pro
tozoan approximately the same size as
Trichodina. It causes severe irritation and
excess mucus production on the skin that
often appears like a grey-white slime.
Chilodonella on the gills results in reduced
breathing capacity, secondary infections or
stress-initiated starvation. It occurs from fall
to spring.

(3) lchthyobodo
(View under I00x or 200x microscope)

lchthyobodo (Costia) is an extremely small
parasite. lchthyobodo causes severe irritation
and excess mucus production on the gills,
skin and fins, reduced breathing capacity,
secondaiy infections or stress-initiated starva
tion. It occurs in the spring and late summer.
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Free-living /chthyobodo. Photo by A. J. Mitchell.
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Chi/odonel/a ("Killer Don"). Photo by G. L. Hoffman.
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(5) Cryptobia

(View under I00x or 200x microscope)

Cryptobia is approximately the same size as
Ichthyobodo but is more elongated. It causes
irritation and excess mucus production on the
gills resulting in reduced breathing capacity.
Cryptobia is often a problem in septic ponds
in the late summer months.
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Apiosoma. Photo by G. L. Hoffman.

(8) Sporozoan Parasites

Cryptobia.

(6) Epistylis (View under 40x microscope)
Epistylis attaches to gill and skin surfaces and
feeds on other organisms in the water.
Infestations of this organism have the appear
ance of thick white or dirty yellow patches or
streaks on the scales, fins and body.
Infestations on the gills reduce water move
ment through the gills. Epistylis often occurs
in ponds with high organic levels and poor
water quality. It occurs in spring and fall.
(7) Apiosoma (View under 40x microscope)
Apiosoma attaches to gill and skin surfaces,
feeding on other organisms in the water.
Infestations on the gills by Apiosoma reduces
water movement through the gills. Apiosoma
often occurs in ponds with high organic
levels and occurs more frequently in the
spring and fall.
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(a) Mitraspora cyprini infects goldfish,
forming cysts in the kidney. The result is
an enlargement of the kidney and a fish
that appears bloated.
(b) Myxobolus notemigoni is the cause of
milk scale disease in golden shiner. The
disease is characterized by the formation
of white cysts beneath the scales, caus
ing them to raise or loosen. Affected
scales may slough as cysts rupture, mak
ing the fish more susceptible to sec
ondary infections. Mortalities can be
high from secondary infections.
(c) Myxobolus argenteus affects golden
shiners and is characterized by the for
mation of white cysts on the body. These
cysts are unsightly and may reduce sala
bility of fish.
(d) Pleistophora ovariae infects golden
shiner ovaries. The result is partial or
complete destruction of the ovaries. This
reduces egg production by the brood
fish. Infected ovaries or egg masses are
opaque and discolored, and yellow or
brown instead of light green.

Trematodes - Trematodes are commonly
referred to as flukes or grubs. These parasites are
generally ve ry tissue-specific, infesting both
external and internal tissues, depending on the
specific pathogen involved.
( 1) Gyrodactylus (View under 40x microscope)
Commonly referred to as the body fluke,
Gyrodactylus generally infects the skin and
fins but can spread to the gills in extreme
cases. Gyrodactylus causes problems for all
three baitfish species; however, the problem
seems more frequent in goldfish. External
signs of the disease are minimal. However,
mortalities can occur rapidly and become
severe, beginning with weak fish and spread
ing to stronger ones. Fish which have been
severely damaged by this organism will
suffer high mortalities during transport.
Disease outbreaks occur year round but in the
southwest are generally more prevalent from
fall to spring.

t�

Dactylogyrus. Photo by G. L. Hoffman.

(3) Posthodiplostomum minimum
(View with the naked eye or under 40x
microscope)
Commonly referred to as the white grub, this
organism is seen as small white spots or pim
ples located inside the fish. This organism is
very common in fathead minnows. Generally,
white grub do not cause serious problems.
However, under some circumstances the
number of grubs found internally can be so
great that the fish are killed as a result of
trauma to internal organs or rupturing of the
body wall. This organism has a complicated
life cycle that requires the presence of snails.
Therefore, the best method for reducing
white grub is to control the snails.

�

Gyrodactylus. Photo by A. J. Mitchell.

(2) Dactylogyrus (View under 40x microscope)
Commonly referred to as the gill fluke, it is
very similar in appearance to the body fluke.
Dactylogyrus infestations are generally con
fined to fish gills and this parasite is a very
serious problem in goldfish, especially young
fry. Initial signs of disease are minimal, but
the mortalities occur rapidly and become
severe, beginning with weak fish and spread
ing to stronger ones. Fish which have been
severely damaged by this organism will
suffer high mortalities during transport. This
parasite is a problem in the fall and spring.

(4) Clinostomum companatum
(View with the naked eye or under 40x
microscope)
Commonly referred to as the yellow grub,
this organism is seen as small yellow spots. It
is often located in the muscle of fish but can
also be found in the body cavity or the gills.
This organism is most common in fathead
minnows. The presence of the yellow grub is
not lethal; however, it is unsightly and
reduces the marketability of the fish. The life
cycle of this organism requires the presence
of snails, and therefore it can also be con
trolled by reducing snail populations.
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(5) Uvulifer ambloplitis
(View wilh the naked eye or under 40x
microscope)

Commonly referred lo as the black grub, this
organism is seen as small black spots located
in lhe muscle of fish. The presence of this
organism is generally nol lethal. However, it
is unsightly, so it reduces the marketability of
the fish. The life cycle of this organism also
requires lhe presence of snails, and therefore
can also be controlled by reducing snail
populations.
(6) Ornithodiplostomum ptychoclieilus
(View under 40x microscope)
Commonly referred to as the brain fluke, this
organism causes problems in fathead minnow
production. This fluke enters the fish through
the skin and then migrates to the brain, where
it displaces brain tissue and causes deformity
of the head region, loss of equilibrium and
death. The life cycle of this organism is also
dependent on the presence of snails and
therefore can also be controlled by reducing
snail populations.
(7) Diplostomum species
(View under 40x microscope)
Commonly referred to as the eye fluke, this
organism develops in the eye lens of infected
fish. Infected fish have opaque, white lenses.
Heavy infections of this parasite can cause
blindness, although it causes little economic
loss. The life cycle of this organism is also
dependent on the presence of snails and can
also be controlled by reducing snail popula
tions.
Cestodes - Cestodes are commonly referred to
as tapeworms. There are two tapeworms of
importance in baitfish aquaculture:
(I) Bothriocephalus acheilognathi
(View with the naked eye)

Bothriocephalus acheilognathi is commonly
referred to as the Asian tapeworm. This tape
worm is a serious problem in golden shiners,
causing mo11alities up to 80 percent in fish
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less than I inch in length. It also causes
larger fish to slowly starve. The tapeworm
has also been reported in the fathead minnow.
Infective stages of this parasite are carried by
copepods and can be transferred from pond
to pond by wildlife or on wet nets or boots.
Good management practices will reduce the
spread of this disease.
(2) Ugula illtestinalis
(View with the naked eye)

Ligula intestinalis is a large visceral tape
worm that burrows through the stomach into
the body cavity. As the tapeworm grows, the
belly of the fish swells and will eventually
rupture. In fathead minnows, mortalities of
3 percent have been reported.
Nematodes - Nematodes are commonly
referred to as roundworms. There is one round
worm of importance in baitfish aquaculture:

Capillaria catostomi
(View under 40x or I 00x microscope)
Capillaria castostomi is a small roundworm that
can be found in the intestine of golden shiners.
Signs include extreme emaciation and chronic
mortalities. The extent of emaciation in fish is
directly related to the number of worms present.
Crustaceans - There are more than 35,000
species of crustaceans. However, only some cope
pods and branchiurans are fish parasites.
(I) Lernaea (View with the naked eye)
Lernaea or anchor worm is the most impor
tant crustacean parasite in baitfish. It is a
copepod. Lernaea is an elongated parasite,
often about I/ 4 inch long with two egg sacs
attached to the posterior end and is generally
found embedded in the muscle of the body
wall. Embedded Lernaea often penetrate
through to the internal organs. This parasite
will kill all species of baitfish. It will kill
fathead minnows by penetrating to the heart
region. A raised ulcer often develops where

Lernaea is attached and then fungus or bacte
ria come in as a secondary infection. They
are a problem in summer months. Eggs or
adults over-winter in ponds.

has been attached may become secondarily
infected by fungus or bacteria. Argulus is
most common on goldfish, and causes
mortalities. Generally a problem in summer
months, eggs, juveniles and adults overwinter
in ponds.
(3) Ergasilus (View with the naked eye)
Ergasilus, or gill maggots, are usually found
attached to the gills, gill cover or inside the
mouth. These copepods are usually several
millimeters long and their common name
"gill maggots" refers to the adult females'
egg sacs, which are prominent, whitish and
maggot-like in appearance. Infestations with
Ergasilus can cause severe gill damage,
emaciation, anemia and death.

Lernaea. Photo by A. J. Mitchell.

FUNGAL, BACTERIAL AND
VIRAL DISEASES

(2) Argulus (View with the naked eye)
Argulus, or fish louse, is a flattened disc
shaped branchiuran measuring up to 1/4 inch
in diameter. It attaches to the skin and fins of
fish, feeding on the fishes' blood by inserting
its sharp mouthparts into the body. The bite
of one fish louse can kill a small fish. On
larger fish, the intense irritation that results
from one louse will cause it to flash or
scratch on hard objects and even jump out of
water. Reddened areas where Argulus is or

7

Argulus. Photo by G. L. Hoffman.

Fungi - Baitfish are susceptible to the same
fungal diseases as other freshwater fishes. The
most important of these are:
(I) Saprolegnia

Baitfish are susceptible to external infection
with Saprol eg nia species. External infection
with Saprol eg nia is very common in baitfish,
especially in the cooler months, and is most
severe in late winter and early spring.

�
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External fungus (Saprolegnia). Photo by A. J. Mitchell.
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An external infection by Saprolegnia appears
as a "cottony" white patch. Like many other
diseases in fish, Saprol eg niasis is a secondary
infection of weakened or predisposed fish.
Predisposing stress factors are injury, water
quality (especially cold temperature), pre
existing parasitic infections and malnutrition.
(2) Branchiomyces
A second fungi of importance in baitfish is
Branchiomyces. Branchiomyces is a fungus
that grows in the gills of fish and is com
monly referred to as "gill rot." It grows in the
small blood vessels of the gills, obstructing
the flow of blood through them. This, in turn,
may cause the gills to lose their bright red
color and become mottled with patches of
brownish to whitish discoloration. Fish may
show signs of asphyxia such as gasping for
air and moving slowly or weakly. Mortalities
can be very rapid and as high as 50 percent
when an outbreak occurs. This disease
usually occurs in ponds with high organic
load.
Bacteria - Baitfish are susceptible to a variety
of bacterial infections, most of which are the
result of very common pathogens that affect
many fish species. There are three bacteria of
importance in baitfish production:
( 1) Aeromonas hydrophila

Aeromonas hydrophila (motile aeromonads)
causes limited problems in all baitfish
species. When water temperatures exceed
80 degrees F, large economic losses can occa
sionally occur in baitfish. Aeromonas infec
tion is usually very rapid. One early sign of
infection is a sharp reduction in feeding
activity. Other signs of disease are shallow
ulcers, dull areas on the sides, hemorrhaging
in the skin and fins, dropsy (swollen, fluid
filled belly) and popeye (bulging eyes).
(2) Aeromonas salmonicida
Aeromonas salmonicida causes the disease
known as goldfish ulcer disease which is con
sidered the most damaging bacterial disease
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in goldfish. It has caused losses of over
50 percent in goldfish broodstock on some
farms. The most visible sign of disease is the
development of external ulcers. These ulcers
may have well-defined edges or appear as
large bloody lesions. Some scale loss occurs
occasionally. The disease occurs most fre
quently in spawning fish, especially when
fish are handled just before spawning, or
among fish held in over-crowded conditions.
Infections usually occur in spring and fall
when water temperatures are between 55 and
75 degrees F.

Goldfish Bacterial Ulcer Disease (Aeromonas
sa/monicida). Photo by G. L. Hoffman.

(3) Cytophaga columnaris

Columnaris disease is probably the most
common stress-related warmwater fish
disease. It can be a serious problem in all
baitfish species. On scaled fish, it appears as
dull patches on the skin, often accompanied
by some scale loss. Massive erosion of the
fins - especially the tail fin - occurs. Gills
may also be infected by C. columnaris.
Typical signs of gill infection include yellow
or brownish discoloration, or decaying areas
in the gills. This disease occurs throughout
the year, but is most serious in the summer,
and may kill 100 percent of the fish in a
pond. Columnaris disease is stress-related
and therefore it is also a serious threat to bait
fish after harvest, grading or shipping.

Viruses - Currently, golden shiner virus (GSV)
is the only known virus affecting baitfish. GSY
affects only the golden shiner and generally
causes low mortality over an extended period up
to three months. It usually kills fish greater than
2 inches in length. Infected fish usually swim
near the surface and are lethargic. Signs of infec
tion include severe hemorrhaging of the dorsal
musculature (seen as a red back), petechial hem
orrhaging on the sides and ventral body surfaces
(redness of the belly) and internal hemorrhaging
(in the visceral fat and intestinal mucosa). There
is no cure for this disease and the only recom
mendation is to isolate infected stocks and disin
fect ponds after draining by drying, discing and
liming pond bottoms.
See pages 32 and 33 for color photographs
of fish diseases mentioned.

PESTS

Fish-eating birds consume hundreds of thousands
of dollars worth of baitfish each year. Farmers also
spend thousands of dollars to scare birds from ponds.
Animal Damage Control (ADC) of the Animal and
Plant Health Inspection Service (APHIS), USDA, is
of great assistance to producers in the design and
implementation of scare programs. In some cases,
depredation permits may be obtained from the U.S.
Fish and Wildlife Service. These permits allow taking
of small quantities of specific nuisance birds. Scare
programs have been found most effective when
particularly bold birds are targeted. Producers and
potential producers are encouraged to contact ADC
for more information and assistance.
Other animals present problems to baitfish farm
ers. Muskrats burrow in pond levees and cause major
damage if not controlled. Nutria (muskrat-like, but a
with long round tail with some hair; adults weigh I 0
to 15 pounds) are a new threat to baitfish farming
areas. They have recently been seen as far north as
Pine Bluff, Arkansas.
Although rare, alligators are still spotted on occa
sion. Alligators are protected in Arkansas and if they

become a problem, the Arkansas Game and Fish
Commission should be contacted.
Snakes characteristically intimidate farm workers
and create labor shortages. Fish make up a major
portion of the diet of water snakes captured on fish
farms. Spawning minnows are particularly vulner
able.
Turtles compete for fish feed. During harvest they
may damage fish and nets. With the exception of
snappers, turtles do not hunt fish.
Crawfish are present in most ponds and can be
collected and sold for food or bait. However, crawfish
will eat fish eggs, and if caught in the seine with min
nows, they damage fish with their claws.
Wild fish, when present, can be a serious prob
lem. They eat eggs, fry and fingerlings, depending on
the size of wild fish present. Therefore it is best to
use well water and prevent their introduction into
ponds. If surface water is used, it must be filtered.
Some frogs, such as bullfrogs, prey on baitfish.
More importantly, tadpoles compete for space and
food in baitfish ponds and are a nuisance when grad
ing fish. The best method for controlling frogs and
tadpoles is removal of adult frogs from ponds.
However, some pet shops will pay more for tadpoles
than for fish.
Snails are another unwelcome animal, because
they are an intermediate host for grubs. Triploid black
carp, if permitted, serve as a biological control.
Insects and some species of large zooplankton,
such as cyclops, eat large numbers of baitfish eggs
and small fry. Baitfish production is significantly
lower in ponds with many insects or large predaceous
zooplankton populations.
"Two-legged" pests are also a concern for baitfish
producers. They may be found harvesting ponds,
often at night. Arkansas state law is written such that
possession of fishing equipment on a commercial fish
farm is taken as intent, and the suspect's vehicle may
be impounded pending trial.
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PROBLEMS
Any baitfish producer will tell you about many
problems encountered in raising baitfish. Although
there are many, three specific problems are very
common.
WEEDS

Aquatic weeds are a major problem for fish
farmers. The major types are:
,,... Shoreline or emersed weeds, that stick up above
the water.
,,... Submersed weeds, which are below the water and
which may grow to the surface.
,,... Floating weeds.

LEVEE EROSION

Levee erosion is a problem common to all fish
farms which use earthen ponds. Factors such as wind,
pond size, levee width, construction techniques and
soil type determine how often a levee must be
repaired. Larger ponds have a greater fetch (the dis
tance that wind can blow across a pond), causing
larger waves. However, small ponds mean more
levees per surface acre of farm.
TIMING AND SOURCES OF

Loss

Currently about 30,000 acres of ponds are used to
farm baitfish in Arkansas. As previously stated, the
peak months of baitfish disease are in the fall and
spring months (see Figure 3). Parasites cause the
greatest problems. Fish mortalities from high levels
of blue-green algae are also very common (Figure 4).
Blue-green algae generally cause problems in June,
July and August.

,.. Filamentous algae, also known as pond moss.
Proper identification of problem weeds is
necessary since some weeds that look similar require
very different treatments. Effectiveness of chemical
treatments varies with stage of growth of the plant,
muddiness of the water and water chemistry. Decom
position of treated weeds will also lead to oxygen
depletions, especially in summer months. Often a
partial treatment, such as one-third of the pond at a
time, is desirable in order to reduce risk. The local
Cooperative Extension Service office should be con
tacted for weed identification, control recommenda
tions and pesticide applicator training. SRAC fact
sheets 360 and 361 provide information on weed
control and herbicides.
Grass carp provide biological control of many
aquatic weeds. Fathead minnows are raised with grass
carp as a secondary crop, and baitfish farmers some
times add grass carp to minnow ponds. However, this
practice is not widespread because grass carp injure
minnows during harvest, and grass carp do sometimes
eat small fish.
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Fish health checks and disease diagnosis are available
through Cooperative Extension Service.

The number of health checks conducted for bait
fish is high compared to those performed on other
species of fish. The reason for this is the nature of the
industry. Baitfish, unlike food fish, must survive
under very crowded conditions for days after harvest
ing. Health checks are routinely done to verify condi
tion prior to harvesting. This minimizes mortalities
that occur in the distribution process.

Figure 3. The monthly pattern of baitfish disease sample submission
to the Arkansas Cooperative Extension diagnostic facilities in 1995.
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Figure 4. Disease profile of baitfish submitted to Arkansas
Cooperative Extension diagnostic facilities in 1995.
(Since a case may have more than one problem, total% exceeds 100.)

Percent of 1,000 Cases Submitted
External Parasites 74

Other 9
Blue/Green Algae 6

Internal Parasites 6
Bacterial 7

Health Checks 21
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ECONOMICS
Although baitfish have been cultured for decades,
little economic information is available. Several
recent publications provide insight into the economics
of baitfish culture in Arkansas and form the basis for
this section (see Sources of Information). These bud
gets and analyses are based primarily on data for
golden shiner production. Costs, yields and prices
received differ for fathead minnows and feeder gold
fish. These figures are only for production of fish.
Transportation of fish to markets will add consider
ably to the total cost. Baitfish often go through com
plex marketing channels and change hands several
times before reaching the consumer. The price of
bait fish at the retail level is IO to 15 times that
received by the producer.

FIXED COSTS
Fixed costs, on an area basis, are higher for bait
fish than for catfish production. Land, pond construc
tion and wells are all major expenses necessary to
start a fish farm (see Table 5). Costs for pond con
struction and water supply alone are estimated to be
$2,263/acre for a 160-acre (water acres) farm.
A baitfish farm needs a grading shed with vats
and a separate water supply. Often a water treatment
unit is needed before well water can be used in vats,
since well water may contain high levels of carbon
dioxide or iron and little or no dissolved oxygen.
Baitfish farming also requires a considerable amount
of equipment including trucks, aerators, hauling
tanks, graders, spawning mats and other items (see
Table 6). A farm must have harvesting and hauling
equipment for moving fish from the ponds to the
grading shed, or to other ponds. A blower system and
emergency generator are needed to keep fish alive in
the holding vats. Equipment for a 160-acre farm is
estimated to cost over $109,000. With land costs of
$1,000/acre, total investment per acre comes to
$4,491 for a 160-water acre farm. At average yields,
fixed costs alone are approximately $1.04 per pound
of fish raised.
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COSTS AND RETURNS
Operating a baitfish farm costs around $963/acre
each year. Variable costs - those associated with actu
ally producing fish - are about $550/acre, with the
remainder clue to fixed costs (overhead, depreciation
on equipment, interest charges for land, construction,
buildings and equipment) (see Table 7). Feed
accounts for about one-third of total operating
expenses. Spawning fish or matted eggs, aeration,
pumping up ponds, labor and levee repairs are also
relatively major expenses.
Baitfish production is labor-intensive. Setting,
moving and pulling spawning mats is extremely labo
rious and time-consuming. Fish must be harvested to
fill orders as needed throughout the year, even from
under ice. Labor requirements for baitfish, especially
during the spawning season, are much greater than
for catfish. Table 7 lists a cost for hired labor only,
even though the farm owner/operator is expected to
work full-time. The operator's labor is accounted for
under "returns to operator's labor and management."
A 160-acre farm relies on the operator's labor, with
only part-time help. Larger farms require proportion
ally more hired labor. On a 640-acre farm, hired labor
is estimated at 8 percent of operating expenses. In
these budgets the costs associated with reproducing
fish are accounted for by charging $1.00/mat of eggs.
In most cases, however, eggs are produced on-farm,
rather than purchased, and farmers must secure suffi
cient seasonal labor to move mats seven clays a week
during the spawning season.
Annual returns, based on an average yield of 400
lb/acre and a price of $2.75/lb, are about $137/acre. A
160-acre farm provides an owner/operator with an
annual income of $21,957. For farms that have been
in operation for many years, facilities are owned by
the operator and not a bank, and returns are higher.
When only operating capital is borrowed, annual
returns climb to $396/acre.

With good management and proper feeding,
golden shiner yields can average 600 to 800 lbs/acre.
However, market constraints reduce actual sales. For
this reason, these budgets assume yields of 400 or
500 lbs/acre, as it is uncommon for producers to be
able to sell all of the fish they raise.

ECONOMIES OF SCALE
Large catfish farms are able to operate at a lower
cost per pound of fish produced. These economies of
scale, as they are called, are not as pronounced in
baitfish farming because proportionally more hired
labor is required on larger farms. Large farms have
the advantage of greater variety and quantity of fish
to offer for sale. The amount of fish a farm can sell
will limit farm size to a great extent. Since fixed costs
are high, holding ponds out of production still incurs
considerable expense. The greater incentive is to
increase yields on existing acreage rather than to con
struct additional ponds.
Most ponds used for golden shiner production are
10 to 20 acres in size. Economic analyses show that
golden shiner production in 5-acre ponds is less prof
itable than in 20-acre ponds. Costs for constructing
smaller ponds are higher on a per acre basis. Smaller
ponds would be better only if significantly higher

yields could be obtained from them as compared to
larger ponds, but there is no evidence for this.

FLUC TUATING FEED COST AND YIELD
A potential producer needs to consider the effects
of varying feed costs and baitfish yields on making a
profit. Changes in the price of feed do not have a
major effect on net returns per acre, primarily
because feed represents only about 18 percent of total
costs. Feed is a cash expense for producers, and the
perceived effect of an increase in the price of feed is
often out of proportion to the actual cost. Cutting
back on feed or switching to a supplemental feed
such as rice bran is actually counterproductive and
may decrease yields to a greater extent than the cost
savings and result in less profit.
Over the years, baitfish farmers have already
intensified production by increasing feeding rates and
using aeration, in order to obtain higher yields. This
assumes that the extra fish can be sold. Management
practices presented in this manual can further
increase yield for baitfish farmers. Small increases in
yield result in relatively large increases in annual
returns. This is because fixed costs are a large part of
total costs, and because current average yields are rel
atively low. Increasing average yield by as little as
I 00 lb/acre can triple annual returns (see Table 7).
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Table 5. Long-term investment costs
for a 160 water acre baitfish farm with 10-acre ponds 1,
Item/Description
Land (200 acres)
Grading Shed
Building
Slab, Vats
Well, 411
Pond Construction
Earthmoving
Pipes, Fittings
Gravel, Grass

Cost

Your Cost

$200,000

15,000
10,000
12,000

252,776
7,202
16,080

Water Supply
Wells
Power Source
Pipe
Initial Fill

60,000
10,000
3,200
12,800

Feed Bins

10,000

Total Long-Term Investment
Equipment Cost

609,058
109,462

TOTAL INVESTMENT
PER WATER ACRE

718,520
4,491

1 Based on the construction of 16 ponds in four separate, 4-pond units. Adapted and
updated from Engle et al. (1990, 1992), Rode and Engle (1996) and Engle and
Stone (1996).
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Table 6. Equipment required for a 160 water acre baitfish farm1.
Item
Feeder (1 ton, gas)
Boat (16 ft)
Motor (15 hp)
Boat trailer
Paddlewheel aerator (PTO)
Electric aerators (3 hp) with seNice
Tractor 50 hp (100%)
Chemical kit
Dissolved oxygen meter
Truck (1 ton flatbed)
Hauling tank (3 compartments)
Liquid oxygen cylinder
Flow meter, hose
Spawning mats
Waders
Pickup (1/2 ton; 4-WD)
Air blower (0.5 hp)
Generator (4 kw)
Air-line, hose, airstones (for 5 vats)
Grader box
Grader baskets
Drag graders
Buckets
Scales
Seines (400 ft)
Seines (50 ft)
Misc. for 5 vats

TOTAL

Quantity
1
2
2
2
1
16
1
1
1
1
1
1
3
800
4
1
2
1
1
1
5
5
10
2
2
2
1

Cost

Your Cost

$4,625
1,400
4,100
1,100
2,800
19,520
18,800
185
743
22,000
1,925
1,800
543
4,000
400
18,000
878
1,500
650
170
575
300
50
256
1,904
238
1,000

109,462

1 Adapted and updated from Engle et al. (1990, 1992a), Rode and Engle (1996) arid
Engle and Stone (1996).
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Table 7. Annual costs and returns for a 160 water acre baitfish farm.1
Cost/Return

Item
Gross Receipts
@ $2.75/lb

400 lb/ac

If Yield is:

$176,000

Operating Expenses
Matted eggs
Feed
Fertilizer, chemicals
Pumping
Electricity (aeration)
Labor (part-time)
Equipment maintenance and repair
Levee repair
Interest on operating capital

$ 8,000
28,050
10,592
16,000
4,771
5,630
1,932
6,319
6,707

TOTAL O PERATING EXPENSES

$88 ,001

Fixed Costs
General overhead
Taxes, insurance
Depreciation
Interest charges (buildings,
ponds, equipment, land)

3,200
2,400
19,075
41,349
$ 66,024

TOTAL FIXED COSTS
Net Returns to Operators
Labor and Management
Net Returns/Acre

500 lb/ac

$220,000

$21,975

$65,975

$137

$412

1 Adapted and updated from Engle et al. (1990, 1992), Rode and Engle (1996) and
Engle and Stone (1996).
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ENVIRONMENTAL ISSUES
In the capture fishery for wild baitfish, a wide
variety of fish species are harvested that potentially
could be transferred to other ecosystems. In addition
to the 10 fish species that make up the majority of
wild fish captured for bait, hundreds of gallons of
mixed species of small fish are passed on by wild bait
harvesters. A recent study identified bait bucket trans
fer as an "almost certain" means of spreading non
bait species. The level of public concern has reached
the point where a new federal aquatic nuisance
species task force has been set up to deal with the
introduction and spread of aquatic species.
One important advantage of farmed baitfish is
that farmers produce fish of known species. Baitfish
farming is in the public's best interest because it
avoids the problems associated with the sale of wild
fish and because it reduces the pressure on natural
resources. But facts are rarely enough. Farmers need
to be aware of environmental issues that impact bait
fish production, distribution and marketing. Producers
must deal also with the perceptions of regulatory
agencies and the public in general.
Producer participation in voluntary educational
programs for fishermen is encouraged, as these pro
grams help reduce environmental risks and assure a
future for the farm-raised baitfish industry. Anglers
must be advised to destroy unused bait, rather than
dump them in the nearest body of water. If edu
cational methods are seen as a failure, policy makers
might eventually prohibit the sale of live bait
altogether.
The introduction and dramatic spread of the zebra
mussel has focused attention on accidental and inten
tional introductions of exotic aquatic species. There is
a concern that fishermen will introduce zebra mussels
into waters by dumping the bait bucket water into a
lake or stream at the end of their trip, and also that

baitfish sold to retail outlets is transported in water
contaminated with zebra mussel veligers. Farmers are
encouraged to follow Best Management Practices to
avoid the presence of zebra mussels on their facilities.

BEST MANAGEMENT PRACTICES
TO AVOID ZEBRA MUSSELS
Zebra mussels were accidentally introduced from
Europe into the Great Lakes and have since spread
down the Mississippi River to New Orleans, and up
the Arkansas River to Oklahoma. They are an exotic
species that has become a major pest. Zebra mussels
grow and reproduce rapidly, and clog pipes and
intake screens. Their filtering ability is such that they
compete with fish fry for planktonic food.
Zebra mussels have not been found in any fish
ponds in Arkansas, and it is uncertain if they could
live in such ponds. However, baitfish farmers need to
make sure that their facilities are secure from any
potential contamination.
Zebra mussels can spread to new areas in two
ways. The larval zebra mussel, called a veliger, is free
swimming. For this reason, well water, rather than
surface water, should be used by fish farms. The
veligers are so small that they are practically impos
sible to filter out of large volumes of water unless a
sand filter is used.
The adult mussel attaches to objects. Care must
be taken to thoroughly clean boats, nets and any other
equipment that is shared between production ponds
and natural waterways. Equipment should be washed
with a hard spray of water. If the equipment was left
in "wild" water for several days, use hot water
( 140 degrees F) or treat with the disinfectant
benzalkonium chloride at IO mg/L for 24 hours,
I 00 mg/L for 3 hours, or 250 mg/L for 15 minutes. It
is best to avoid use of equipment off-farm.
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GLOSSARY
Alfalfa Valve - Relatively inexpensive valve for
regulating flow from a pipe. It consists of a round
metal plate with threaded rod in the center. The
rod fits into a threaded hole in a recessed,
centered bracket inside the end of the pipe. The
plate is screwed inwards to reduce or stop water
flow.
Count - Number of fish per pound.
Crappie Bait or Crappie Minnows - Small
baitfish of the size used for catching crappie
(Pomoxis sp.). Crappie-sized golden shiners swim
through a #19 grader (19/64 inch) but are
retained by a #13 grader.
Crumbles - Broken bits of extruded, floating
pellets, ranging in size from meal to one-quarter
inch chunks, made by running whole pellets
through a crumbier.
Feeder - Small fish, used to feed carnivorous
ornamental fish and invertebrates. There are three
major size classes. Goldfish are the largest feeder.
Standard goldfish feeders make up 90 percent of
sales and are 330 count (range of 250 to 400
count), or 3 lb/1,000. Medium feeders are 4
lb/1,000, and large feeders are 6 lb/ 1,000. The
second size category of feeders is I lb/1,000, and
rosy red fathead minnows are generally raised for
this market. The third size category is for 2,000
count fish (0.5 lb/1,000). Some small rosy reds
may be sold for this market, but in general the
baitfish industry in Arkansas does not produce
fish this small. Young guppies are raised else
where to supply this market.
Fly-on - Apply using a crop duster airplane.

Jumbo - Large golden shiners, usually defined as
fish retained by a #27 grader or a #25 grader.
Meal - Feed, in the form of a finely ground meal.
Medium - Used to describe an intermediate size of
baitfish. Medium golden shiners are fish retained
by a #19 grader but which can swim through a
#27 grader. Medium goldfish are retained by a
#23 grader but swim through a #32 grader.
Minnows - General term for bait or feeder fish.
Peewee - Juvenile golden shiners, typically 3/4 inch
in length and 0.5 to 1.0 lb/1,000 in weight. Fish
this size are also called fry (as in fry transfer), but
this can lead to confusion, as newly-hatched fish
are also called fry.
Piping or Topping - At critical low dissolved oxy
gen concentrations, fish congregate at the surface
of the water, and open and close their mouths to
pass the relatively higher-oxygenated surface
water over their gills.
Piscivorous Aquarium Fish - Aquarium fish that
eat live fish.
Pool Fish - Large goldfish (IO fish/lb) sold for
decorative pools.
Trotline or Trot-line - Large baitfish that are pre
ferred for use as trotline bait. Trotline is a method
of fishing using unattended fishing lines attached
to limbs or floats. The trotlines are run (moni
tored) at intervals to harvest the catch. Trotline
goldfish are typically 25 lb/1,000, or 40 fish/lb.
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Weight Conversion Chart for Minnows
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