Hatchery Propagation of
Jack R. Snow

Historically, hatc.icry propaution of the
black basses in the United States began about
1890. Previously, in 1882 the U.S. Fish Conu-
mission provided a stock of siuziimouth bass
(Micropterus dolomicu), to Count von dem:
Borne of Germany and Lord Exter of
England. Since no hatcherics were in opera-
tion. these fish were captured from the wild,
as were the black bass that Page (189
mentions as being stocked by private
individuals into the Potomac River in 1852.

Early cfforts to spread the black basses to
new waters appear to have been successtul
and siimulated the U.S. Fish Commission to
try to augment the supply of wiid fish win
fish from a more controlied source. As .
conscquence a hatchery at Wythville, Vi
ginia began to propagate bass about 1886
(Anon. 1889). In 1839, & hatchivr was built by
the U.S. Fish Commission at Neosho.
Missouri. Early sucoess ar this rew hatchers
was typical of bass cultural operations for
many vears; the first crop of fish produced
was lost in a flood along with part of the
brood stock.

Distribution by the U.S. Fisa Commission
of fingerling black basses reach 4 significant
levels by 1890. For tiv: neat decade, however,
a fish rescue or salvage staticn at Quincs.
llinois provided miore iingerhing bass than
did managed production facilitics at Wyth-
ville, Virginia, Washiugton, D.C., and
Neosho, Missouri. Finally in 1897, Fish Lakes
Hatchery in Washington, D.C. exceeded the
output of the fish rescue crews. From thai
time. federal hatchery production graduatly
increased to a peak of almost 26 million fish
dist-ibuted in 1960. Hagen and O'Connur
(1959) reported that state and tederal hateh-
eries had distributed 35 million centrarchid
basses in 1957. Ten years carlier, a
production of 31 million bass was recordui
(Tunaison ct al. 1949).

The initial demand for biick bass fur
stocking purposes centered around introduc-
tions into natural waters where the specics
were absent or in short supply. By the
mid-1930s, indiscriminate stocking of these

the Black Basses

waters feli into disfavor as a management tool
(Eschmevyer, 1936). However, discovery of
successful stocking mcthods and manage-
ment for farm ponds and small manageable
lakes (Swingle and Smirth 1942) increased the
demand for the largemouth bass (M.
sufmoides). which has persisted to the
present. During the three decades since the
farm pond boon: began in the 1940s. federal,
state, and private hatchery production of
largemouth bass fingerlings totaled millions
cach year. Although the largemouth bass has
consistently dominated the production statis-
tics. smalimouth bass production has also
been important though limited by the amount
of water that needs stocking with this species.
Other basses are seldom propagated in hatch-
eries, aithough isolated efforts have provided
information on technigucs of culture (How-
land 1932).

Hatchery propagation of all sizes of black
bass appears to be technically possible. Cosi
of production per fish rises sharply as size in-
creases and becomes prohibitive for the larger
sizes. except for special uses such as brood
stock or experimental animals. Tabic 1 shows
size, rearing unit. food supply and general use
of the commonly cultured sizes of Targemouth
bass.

Table 1. Sizes of largeinouth bass. commoniy
cultured

Size
(inches)  Rearing facility  FFood supply Use
1.5-2.0  carthen pond  Zooplankton cstubiish
insects sport tish
populations
3.0-4.0 carthen ponds  insects corrective
restocking
5.0-8.0  pondsor artificial foud  corrective
raceways restocking
or lest
animals
aduit ponds or forage fish brood
raceways artificial f'vod  stock
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The greatest need under present stocking
programs is for the 1.5-2.0 inch (38-51 mm)
fingerlings. Only limited use is currently
being made of larger sizes.

General Methods of Culture

Early efforts at culturing the black basses
led to use of a natural or seminatural ap-
proach in progagation. Although culture at
the Neosho hatchery in 1890-1900 involved
trough rearing and artiticial fceding, the
cannibalistic nature of the speices and lack of
a suitable ration ultimately led to the use of
natural foods and low stocking densities tor
rearing bass to a distributable size. By 1940,
extensive research in conjunction with federal
and state efforts to rear the centrarchid
basses under hatchery conditions led to. the
adoption of two basic systems of culture.
Both of these systems madec usc of an carthen
pond as the rearing facility (Lydell 1904;
Davis and Wicbe-1930; Langlois 1931;
Howland 1932; Surber 1935; Mcchean 1936.
1939).

The simplest system, diagramed in Figurce
1. was the first used to propagate large-
mouth. smallmouth, spotted (M. punctula-
tus), and redeye (M. coosae) basses, and is
still occasionally used today, although in-
herent disadvantages preclude general use.

8 Termed the spawning-rearing pond system,
this method is used when' the number of fish
needed is low, manageable rearing ponds are
lacking. brood stock is of poor quality. or a
lack of knowledge and skill in the work force
limit use of more sophisticated techniques. In
the spawning-rearing pond system, adult fish

arcstocked into clean ponds when rising water
temperature in the spring stimulates nesting
activity. A light rate of stocking is used, 10 to
40 brood fish per acre (25-100 per hectare) de-
pending on their size. The production pond is
fertilized unless abundant zooplankton
develop naturally. Fertilizer, such as animal
manure, oil seed meals (cottonseed meal, soy-
bean meal), or a green manure crop, has been
uscd. Often superphosphate is combined with
the organic material and in some situations
halt of the nitrogen required is supplied by an
iorganic source.

The adult fish produce young that remain in
the pond until large enough for distribution. A
size of 1-2 inches (25-50 mm) is usually
reached. Harvesting is by seining schools of
small fingerlings, trapping as the schools
break up. or by draining the pond. The brood
stock is then returned to the summer holding
pond and maintained on forage fish until the
next spawning season.

In this system there is no control over stock-
ing density of small fish except by regulating
the numbers of spawning fish. Predation by
adults on the young often is a major factor in
yicld ofyoung bass. Because of these and other
casons. the practice of collecting schools of
small bass, at some stage after they rise from
the nest. for transter 1o a specially prepared
rearing pond was developed in the first third of
this century and became popular. Although
varying somewhat depending upon the speices
and whether or not the schools of fry break up
soon after feaving the nest, the fry transfer
system follows the concept MPSHAIcdin
FFigure

Under this system, the bass culturist can

Brood fish returned
to holding pond by
early summer

300 -320 days 40-65 days
Brood Stock |——— Spawning- |———Fingerling Bass
Holding Rearing Pond t-2 inches for
(Forage (Zooplankton & Distribution
minnows) insects)

Fig. 1. Spawning-rearing pond systcm of bass propagation.
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315 days 50 days 14-28 days
Brood Stock —_— Spawning — Rearing
Holding Pond Pond Pond
[.5 inch Fingerlings
(Fproge (Zooplankton) (Zooplankton &
Minnows) insects)
Brood fish returned
to holding pond by
early summer
40 -60 days
Rearing Disfribu_ti'on
Pond —| 1o receiving
3-4 inch Fingerlings waters

(Insects)

Fig. 2. Fry transfer system of bass propagation.

directly control the density of small fish to be
réared by estimating (ne MUTOCT STOCRed per

acre. 1his 1s done visually By countin

fecereeuncounted fish until the unkpown
CONIATes LD . '
standard. Weight or volume-based sstimates
cuBEoblained by counting the number of
sATAM=TSH~T & weigned or volumetrically
measHTed sample. The number-weight or
number-volumn i ip 1s then used to
talculate the guanti : cded_for

fearing pond being stocked. If properly
appricd, any of : igues
enable the bass ist to know within &

percent the number of fry stocked.. Lhe
ATeeod of estimating small bass is somewhat
a TTAtter ol choice. although 1 bclieve that
visual comparison stresses the fish less than
ather methods when bass_7#7: 10 (10-20mm)

are involved. ego CEDVRE .
In thé fry transter méthod for lurgemouth

bass culture. one or more spawning ponds are
selected and prepared for stocking the spawn-
ing fish. As water temperatures rise to the
63°-68°F (17°-20°C) range in the spring a
close watch is kept on the brood stock holding
pond. When the male fish begin preparing
nesting sites it is time to fill the spawning
pond. If filamentous algac or submerged

rooted weeds are a problem a preflooding
trcatment with simazine at a rate of 10
pounds of 80 percent active simazine per acre
(11.2 kg per ha) minimizes later weed prob-
lems (Snow 1967). A period of 7-10 days
between treating and stocking offsets any side
cffects of the weed treaiment to the tish crop.

About the time water warms to 65°F
(18°C) with some stability. spawning can be
expected. When the first eggs are noted, the
holding pond can be drained and the brood
fish stocked. A rate of 40 to 100 brood fish
per acre (99-247 per ha) is generally used with
the number stocked being governed by the
size of the adult fish, their past history of
fecundity, the number of fry needed. the
number of brood fish on hand, and other
factors. Best use of the brood fish is obtained
if more male fish are stocked than females. A
ratioof 2 to L or 3 to 1is recommended, based
on the work of Bishop (1968). From 5,000 to
25000 fry per spawn can be expecied. A
female may spawn from one to five times over
the 6-8 week spawning season. Although as
many as 500,000 fry per acre (1,235,000 per
ha) have been taken from a spawning pond,
the average is less than half this number.
Factors aftecting the production of fry, and
the extent that they can be captured for trans-
fer to a rearing pond, include weather condi-
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tions, water quality, food supply, condition of
the brood stock, weed problems, disease,
turbidity of the water, and habits of the
specics involved, operating singly and in com-
bination.

Fry can be capturcd for transfer anytime
after they are free-swimming. Use of a
trapping device (retainer) permits capture of
smallmouth or spotted bass fry, which do not
remain in a school after rising from the nest.
Basically the retainer is a cylinder, about 30
inches (76 em) in diameter and 36-48 inches
(91-122 cm) tall, made with a frame of light
metal covered with fine-mesh cloth. This
cylinder is placed over the nesting site,
usually located on a pile of gravel, after the
eggs hatch but before the sac try become free-
swimming. After they swim up, they may be
captured with a dip net or fine mesh fry net
for stocking in a rearing pond. A retainer can
be used to aid in capture of largemouth bass
fry, but it is not needed as young of this
specics remain in a compact school until they
reach 0.5-1.0 inch (12-25 mm). Largemouth
bass try are taken with either a one-man net
operated from a boat or a longer net fished by
a two-man crew wading the shallow spawning
pond. '

Another effective method of capturing fry
is by trapping. Under certain conditions the
small bass migrate to the margin of the pond
and swim parallel to the shore; when they do
this a suitably designed trap is highly effective
in taking fish. Another situation suitable for
trapping can somctimes be created by ad-
mitting fresh or food' laden water from an
adjacent pond with traps being set to inter-
cept the small bass attracted to the current of
inflowing water. Artificial light with and
without the fresh water current can also be
helpful in trapping.

Preparation of the rearing pond com-
mences about the time the first eggs are de-
posited in the spawning pond or shortly after-
wards. If weeds are likely to be a problem. a
preflooding treatment similar to that describ-
scribed for the spawning pond can be
applied. Speed of the food chain development
is dependent on water temperature. The size
of the bass fry being transferred also influ-
ences the time required for an adequate food
supply to develop.

The rearing pond is filled with water 10 to

20 days before the Y2 ¥4 in (10-18 mm) fry are
to be stocked. Fertilization, to develop an
abundant zooplankton culture, usually in-
cludes one or more applications of organic or
organic-inorganic combinations, proved to be
cffective in a given pond system. For the
hatchery at Marion, Alabama, a ryegrass
planting in the fall, which is allowed to pro-
duce about 2,000-2,500 pounds of green
matter per acre (2240-2688 kg per ha) before
being flooded, is the most effective technique.
One to 3 applications of inorganic 8-8-0 at a
rate of 100 pounds per acre (112 kg per ha)
per application with applications at weekly
intervals may be used to supplement the rye-
grass. Inorganic fertilizer is added after the
ryegrass has partially decayed following
flooding of the rearing pond.

Rearing ponds for production of 1.5-2.0
inch (38-51 mm) bass are stocked at a rate of
from 40,000 to 80,000 fry per acre (99,000-
198,000 per ha). After stocking, a period of 2
to 4 wecks is needed for the small bass to
reach distributable size. During this time, the
rearing pond is fertilized once or twice more
and weeds are controlled so that they do not
interfere with harvesting. With experience in
working with a given pond system. the
manager can schedule delivery of a lot of fish
as soon as the rcaring pond is stocked.
Recovery of 75-80 percent of the small bass
stocked is about average.

Harvesting should begin as soon as the
small bass grow to a size of 1.5 inches (38
mm). If growth ceases or a marked ditference
in length is apparent before this size is
reached, overstocking has occurred. If uncor-
rected, overstocking results in high losses of
the stocked fry. Prompt removal of part or all
of the fish to a food-rich pond is the corrective
measure. No more than 7 days time should
elapse between the time a distributable size is
reached and the final harvest of a given lot.
Further delay generally results in a progres-
sively lower survival percentage of the stocked
fry. Survival of 10 percent or less has resulted
from a delay ot 3-4 weeks. Harvesting can be
done by trapping, scining, or draining the
pond. An effective technique at some hatch-
eries is to use traps as long as they are taking
fish in quantity, then to complete the harvest
by draining the ponds as rapidly as circum-
stances permit.
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Small bass fingerlings are hardy and
present no unusual harvesting problems
under normal conditions. After being cap-
turcd they are cleaned of extrancous animal
and plant forms, graded, sampled for estab-
lishing a number-weight relationship, and
treated for discase if necessary. Distribution
is usually carricd out within 48 hours of
harvest to minimize cannibalism during the
holding period. While food intake of this size
bass fingerling is high, 2-inch bass can with-
stand starvation for 7-14 days without mor-
tality unless other stresses such as disease
organisms are present.

Distribution of fingerlings is customarily
by tank truck. Aeration is-provided by bottled
oxygen, electric agitation, water circulation,
or various combinations. Fish at densities up
to 1.5-2.0 pounds to each gallon of tank capa-
city (180-240 grams per liter) can be trans-
ported 5-10 hours without harmful stress.
Because of the low stocking rate per acre for
receiving waters, it is scldom necessary to
haul bass fingerlings at maximum densitics.

If bass longer than 2 inches are desired,
fingerlings from the 1.5-2.0 inch rearing pond
are stocked in other rearing ponds at a rate of
10.000-12,000 fingerlings per acre (24,700-
29,600 per ha). These rearing ponds are fertil-
ized also, but an effort is made to develop a
bloom ol phytoplankton which is caten by im-
mature inscets, mainly midges. Growth from
a size of 2 inches (51 mm) to 3-4 inches (76-
102 mm) is usually done on an insect diet.
Research has not indicated that the use of
forage minnows as food for larger bass finger-
lings is a predictable approach to achieving
high returns.

In rearing ponds for the production of 1.5-
2.0 (38-51 mm) or 3.0-4.0 inch (76-102 mm)
bass, scine sampling and visual observation
are frequently used to check on size variation
and growth. If a size group develops that can
swallow the smaller bass, the pond should be
drained and the large fish graded to prevent
losses by cannibalism. If ample food is pres-
ent and uniform size fish used in stocking,
size difference should not be a problem.

For rearing largemouth bass to a size of 3-4
inches (76-102 mm) total length, a period of
40 to 60 days is needed at an average water
temperature of 25-28°C. Higher temperatures
should speed growth; lower ones, especially

below (68°F (20°C), will make for slower
growth. Since the rearing ponds for 3-4 inch
(76-102 mm) bass are in production two to
three times longer than for 2-inch bass, more
management is needed. Three to S applica-
tions of fertilizer are applicd at 7-10 day inter-
vals. Weeds, which interfere with harvesting
and food production, are controlled with
appropriate chemical treatment. Sampling by
seining every 10-12 days enables the bass cul-
turist to detect size differences which can lead
to losses. As in rearing smaller bass, appreci-
able difference in size between the largest and
smallest bass in a pond requires draining,
grading, and restocking in fresh ponds with
fish of uniform size (Topel 1949).

Harvesting bass 3-4 inches total length
usually is done by draining the rearing pond
although trapping may be used, particularly
if weeds are a problem. During midsummer,
harvesting in the carly morning hours cun
offset the effect of high midday and afternoon
temperatures. This size bass is hardy and
handles well. No particular problems have
been experienced in harvesting and distribu-
tion. A hauling density of 1.5-2.0 pounds of
fish to the gallon (180-240 g per 1) of distribu-
tion tank capacity has been used for trips of
6-12 hours duration.

The foregoing systems of bass culture have
been lollowed with minor adaptations by
hatcheries for many years. Research has en-
abled improvement in fertilization, weed con-
trol, rate of stocking spawning fish and fry,
discase control, and management to climinate
cannibalismi. Despite improvements, how-
ever, limitations of food supply, weather,
characteristics of the species, pond variation.
and other factors combine to limit the yield
which is possible at a given hatchery. These
influcences in bass culture inject uncertain-
ties which are lacking in more controfled
systems of fish culture.

The “Intensive’ System

To overcome the limitations of the
spawning-rearing pond and fry transfer sys-
tems of bass culture, I have devised and
tested a system labeled “intensive™ for want
of a better term. Under this system bass are
fed artificial food in either ponds or raceways
to whatever size management of a particular
water requires. Work on the system began in
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1955 at the National Fish Hatchery at
Marion, Alabama and continued for two
decades in an effort to advance bass culture
toward the goal of controlled culture already
achicved by trout and salmon culturists.

Basic to the system, diagramed in Figure 3,
is an adequate ration. The most suitable one
is Oregon Moist Pellet (OMP) (Hublou 1963).
This feed meets the needs of largemouth bass
under pond conditions from a size of 2 inches
to old age. Brood fish have been maintained
on OMP through the seventh spawning
scason without observed abnormalities. Stic-
cessful spawning occurred at 7 years of age.
OMP has not been successfully used as a
starting ration for fry as yet because of in-
ability to prepare a particle small enough for
the first feed of this size.

All stages of the intensive culture system
have been tested for rearing largemouth bass
under conditions at the Marion, Alabama,
hatchery except for training the postlarvae to
take artificial food. Even with this stage,
some success was demonstrated in recent-
years. In 1973, 3 percent of the fry started
were reared to a size of 225 per pound (496
per kg) in an eight-foot rearing trough on a
dict of zooplankton and OMP. In 1974, 21
percent of 90,000 fry started in a rearing tank
were grown to average size of 24 mm during a
21-day feeding period. First food was zoo-

320 days” 45 days 2 doys
Brood Stock Spawning Incubator
Holding Pond Pond £99s | (Heath Verticol)
(Artficiol {arufical {No food)
food) food)
Bro0d 1sh returned 1 Iry
10 hold: 2
corly sumemar 5 doys 25-30 doys
Holding Rearing Pond
Trough ** 15 inch size
{No foed) {Zooplankion &
nsects)
fry
35 days
Regring Tmugh_‘ Distribution =
or Tonk or fraining
1§ nch uee to occept
ortlficial
{Comtnation of food
naturci and
ortificial food) /
Time 1 -
varies winsize 120 doys  »7
Rearing Unit Rorewsy or
Destribuhon e———-| for «— Recring Pond | —— 4 Distribution:
Lorger Size . 68 inch sze
{Artficil {Artficial
food) f00d}

« Doys in each stoge based on prevoiling seasonal waigr temperatures in sholiow
earthen ponds having o frosi-free growing seoson of 240 doys
«# Can be shipped fo other locotions.

Fig. 3. Intensive system of bass propagation.
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plankton with ground fish being offered 16
days later. Zooplankton was then discon-
tinued after one weck and dry trout feec
added. At the termination of the trial, the
bass were ready for cither a moist or dry diet
as they were accepting artificial feed readily.
In a similar trial in a trough, 34 percent out of
13,500 started learned to feed. Length of the
feceding trial was 28 days. Although little
rescarch dealing with artificial feeding of fry
has been published, Robertson (1972)
reported that both large and smallmouth
fingerlings were reared on artificial feed in
Michigan, and Becman (1924) fed wild
zooplankton to smallmouth fry in concrete
tanks rearing them to an “advanced fry"”
stage.

In the southern half of the United States.
growing I to 2 in (25-50 mm) bass fingerlings
in ponds on natural food is probably more
practical. A period of 3-4 weeks is required
and, where suitable rearing ponds are avail-
able, use of the fry-transfer system is
relatively trouble free. As soon as the young
fry reach a cannibalistic size, however, and
require large food organisms, high survival,
rapid growth, and high fish density dictate a
controlled environment and an artificial dict.

The intensive system of culture is described
by Snow (1973). The basic system is as fol-
lows. Adult fish are maintained between
spawning scasons on OMP or other suitable
production ration. Ten days before spawning
is expected the fish are given a treatment for
external parasites (25 ppm formalin as pond
treatment) and placed on medicated fecd
(Snieszko and Bullock 1962). Smal! earthen
ponds 0.1 acre (0.04 ha) in size are equipped
with nylon felt spawning mats (Chastain and
Snow 1965) and given a preflooding treat-
ment of simazine at a rate of 10 pounds per
acre (11.2 kg ‘per ha) (Snow 1967). At
spawning time or shortly thereafter. brood
fish arc placed in freshly filled spawning
ponds at a rate of 500 to 2,000 brood fish per
acre (1,235-4,940 per ha). A ratio of 1 male to
2 females scems to be about optimum in this
system.

Spawning is cxpected within 72 hours if
water temperature is favorable and fish are
ripe. Mats bearing eggs are removed daily
and replaced with clean ones. Eggs are
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separated from the mats, cleaned, and placed
in a Heath Vertical Incubator for hatching.
Collection is scheduled so that the eggs hatch
within 24 hours after being placed in the
incubator. The second day after hatching the
fry are cleaned, their number estimated, and
transferred to a holding trough or basket.

Spawning continues for a period of 6-8
weeks. During this time multiple spawning by
both males and females is common. An aver-
age of 2 spawns per female stocked is con-
sidered to be satisfactory. Up to 30,000 eggs
per spawn are deposited with an average of
15.000-20,000 being expected (Snow 1971a)
from mature brood fish. Best quality eggs are
those collected during the first half of the
spawning period; the later the spawning, the
poorer the hatching percentage. Collections
arc discontinued when the hatch falls below
30 percent. When the cggs are taken or
on enumeration of fry after hatching,
disposition of a lot can be scheduled. This in-
volves the preparation of a rearing pond, a
rearing tank, or shipment to another
hatchery for rearing. At a temperature range
of 66-73°F (19-23°C), the yolk-sac absorption
stage lasts 5-8 days, which can Le lengthened
by lowering the water temperature. A holding
period of 9-10 days was noted when water
temperature was 63-64°F (17-18°C). For
largemouth bass it is infeasible to lower the
holding temperature below 60°F (15.6°C) as
the embryos develop very slowly at this tem-
perature and may die without reaching the
feeding stage (Strawn 1961, Hutcheson 1972).
Numerical determination can readily be
made any time during the yolk-sac absorption
stage using a number-volume relationship
(McLeod 1972). Also shipment to other
locations can be made during this time.
When the bass larvae swim up from their
resting position they are ready for food and
probably should make the transition to
outside encrgy sources within 24 hours (Toetz
1966. )

As swimup fry or postlarvae, the young
bass can be trained to take artificial food in a
rearing tank or can be stocked in earthen
rearing ponds for growth to a size of 1.6-2.0
in (40-50 mm) on natural food. If grown on
natural food, they can be trained later to
accept artificial food but before a cannibalis-
tic size is reached. 1f the young are reared in a
tank-raceway facility, training to accept the

artificial ration takes place as soon as the
young fish reach a size large enough to swal-
low the artificial food. This was at the end of
the sccond week of feeding in my 1974
feeding trials.

A period of 7-14 days is needed to change
the feeding habits from natural to artificial
food. Once the young bass are scttled into a
feeding routine and are growing rapidly, little
trouble is encountercd from cannibalism or
starvation, the two main causes of loss under
conditions of the experimental work carried
out at Marion. Water temperatures of
77-86°F (25-30°C) facilitates training to
accept artificial food; within this range,
digestion is rapid and hunger causes the
young fish to accept unnatural food more
readily.

Procedures for rearing black basses in
ponds on arificial food have been docu-
mented in the literature (Langlois 1931; Snow
1969: Snow and Maxwell 1970, Snow 1971b).
Although less well studied, raceway culture
also appears feasible (Nelson and Bowker

"1974).

Although OMP has proved to be the best
production ration in the limited study of dif-
ferent rations at Marion, other feeds were
used successfully and can be substituted if
OMP is unavailable. Ouc ot the earliest
(Snow 1965) was ground frozen tish. When
this diet was fed during the first few days and
gradually replaced with pelleted trout feed.
60-70 percent of the fingerlings started were
trained to take a mixture of 80 percent dry
feed and 20 percent fish. Use of raw fish
resulted in thiamine deficiency, which was
eliminated by adding ground beef liver at a
rate of 10 percent to the diet.

Feed cost can be reduced by using OMP as
a training ration and then changing to float-
ing trout feed as soon as the bass are large
enough to swallow the smallest available
floating pellet. If the fish are fed regularly no
trouble is expected from cannibalism.
Growth through the seventh year of life has
been observed on a diet of OMP with a
4-nch (13 mm) pellet being used for all
adult fish. The largest fish in the artificially
fed lots were in the 3-4 pound (1.36-1.81 kg)
range. Feed intake declined during the
second and later years resulting in a slower
rate of growth.

The largemouth bass converts artificial
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food about as well as other species which have
been fed this way. In ponds, we have mea-
sured a conversion of 1.3-1.7 rearing 7-inch
(17.6 cm) fingerlings on OMP. A change to
tloating trout feed after growth to 5 inches
(12.7 em) reduced this figure to 1.15-1.25.
When the ground frozen fish, liver, and trout
feed mixture was used, a conversion of
2.5-3.7 was measured. Beyond a size of 8
inches (21.5 cm) conversion is higher, al-
though small-scale experimentation indicated
a figure of 3.1 for OMP and one of 3.5 for dry
trout pellets the sccond growing season (Snow
1969).

Largemouth bass readily made the transi-
tion from artificial to natural food in limited
experiments reported by Snow (1968). Rapid
growth occurred after the transition, indicat-
ing that the change took place in a short
period of time.

In experiments rearing larger sizes of
largemouth bass fingerlings at the Marion,
Alabama, National Fish Hatchery, more than
150,000 fish weighing 20,000 pounds (9,070
kg) were reared and distributed for field
testing. Handling and hauling bass 6 inches
(15.4 cm) and larger poses problems not en-
countered in distributing smaller fish. To
minimize the stress of handling and hauling,
we found it desirable to provide terramycin-
medicated feed for 7-10 days before
harvesting. As our fish were in earthen
rearing ponds, provision for a weed-free pond
was necessary to permit ready capture of the
stock. Feeding was suspended 24 hours
before harvest. On the day of removal,
1.5-2.0 feet (45.7-61.0 cm) of water was
drained from the pond and a 50-foot (15.2 m)
Y2-inch (13 mm) mesh nylon drag seine
having a 6 x 6-foot (1.83 x 1.83 m) bag was
used to reduce the density of fish. The rest of
the water was then drained so that the re-
maining fish could be captured in the pond
catch basin. The fish were placed in 100-
pound (45.4 kg) buriap feed bags to prevent
jumping, 50 fish per bag. A water cushion
was maintained when moving the fish from
the pond to the holding tank. Sorting was
avoided unless necessary. During handling,
the fish were kept in water while being
counted, sorted, or weighed, and care to
avoid skin breaks and abrasions were taken
each time the fish were handled.

Conventional distribution equipment was
used for the short trips involved in our distri-
bution. The longest trip involved 11 hours
and the shortest 5 hours. The heaviest
loading was 2 pounds of fish per gallon (240 g
per 1) of tank capacity. The fish hauled well at
this and lower rates although later survival
was not determined. During the course of the
ten-year investigation of rearing large bass
fingerlings, occasional losses of 6-8 inch
(15-20 em) bass were reported after stocking
and were attributed to handling injury during
harvesting and inventory or to the stress of
distribution.

Bass Hatchery Design

The design of a hatchery suitable for cul-
turing bass under-cxtensive conditions is
iltustrated in Figure 4. The basic production
unit is an earthen. pond of about | acre (0.4
hectare) surface arca. A rectangular shape is
preferred with a ratio of length to width vary-
ing from 2to 1 to4to . A minimum depth of
2.5 feet (76 cm) at the shallow end should

stépe uniformly to one of 5.5-8.0 feet3; |

(140-202 cm) at the deep end. Earthen dikes
have 12-14 foot (3.67-4.27 m) tops with a
slope of 2.5-5.0 to I depending on the soil
type. An outlet structure (Figure 5), located
at the deep end of the pond. is a valuable aid
in harvesting the fish crop and dewatering the
pond. For use in bass culture, the long axis of
the pond should be af right angles to the
direction of the prevailing winds. The water
supply, from well, spring, or reservoir, is
piped into the pond at both the deep and
shallow end when possible. :

Quality of the water is important.
Chemical characteristics desired include an
oxygen concentration of 6 ppm or more,
carbon dioxide levels of 10 ppm or less, total
hardness due to calcium and magnesium
60-180 ppm ad CaCO3. and a pH of 6.5-8.5.
Presence of invertebrate life in the water is
not undesirable and may even be an asset,
Vertebrate life, especially fishes, can pose
management problems. The quantity of
water should enable a pond to be filled in
72-96 hours. A drainage system should
permit emptying the pond of water in 48-72
hours. In bass culture, a shorter draining
time will be of value.

Arrangement of the pond units for the

e e T
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most economical construction, considering
cxisting land topography and the later
requirements of management, may result in a
layout such as Figure 4. The number of units
is governed by the size of the production
requirement although, as a general rule,
production costs per acre decline as the
number of production units increase. Pro-
duction units can be larger or smaller than 1
acre but the larger the unit, the more
unmanageable it becomes. As size decreases,
the cost of construction and the amount of
labor to manage the pond decreases, but not
in proportion to the decrease in surface area.
Yicld per acre is usually higher in small
ponds than in larger ones because of the
greater case of applying management tech-
niques. the greater proportion of shoreline to
open water area, and other influences.

To facilitate operation of the production
units, a service building and a fish holding
facility are needed. Up to 100 acres (40.5 ha)
can be served by each of these facilities
provided that floor space is increased
proportionate to production area increase.

A design which appears to have excellent
possibilities for the intensive culture of
largemouth bass is one presently under
consideration for construction in the State of
Michigan. Figurc 6 illustrates the basic
concept of a facility usable tor the intensive
culture of any warm-water species. Although
research has already demostrated that
largemouth bass can be intensively cultured
through all stages of development, such a
hatchery has not yet been built and tested
with a production requirement.

Although the systems outlined in this
discussion have been specifically developed
for culturing the largemouth bass, it is
belicved that all 6 species of centrarchid
basses could be cultured by them with only
minor modifications. More is known about
the hatchery culture of largemouth and
smallmouth species than the others. Fish
culturists have demonstrated that either of
these species can be successfully produced in
the same hatchery at comparable rates of
production.




$.
i+
e

oy BT L e o il ST LI o o Sl T = e - = 3 S oE = = = o
EESEE5E RTLNL ETEE2ZS 2722322 EiRERSxg s ELE5TIZZ RS ESE S
45
= £
e <
i
R
= - inv m e
’ 39HVHIZY #
o) g
_ o
i
\/ H r F o
- T uuq&am?/ 5 —— =
[ HILVA NOWIXTA LY | e 4%
! \ INIIHOHS 035040Hd L P ec
' 4 ¥ aNIglIngf_ =y
\ ____ 7 HIDNVHIXI hquxmluJ R .Mm..«~
ﬁ ] e ¥
- | ] T
b / NISVE ONITLL3S D 7 :
\. -y 2
|
- LRI
O HIISNYEL HSI4 EU -
\\1/ e
S3IINIQISIY { - . 3
/ / H ww
] sN\ o K SAVMITVY \J
St N e M
| -
! I 3
N T &
./ .\ SAVM3DVYH : ~
SIOUNOSTH TVINLYN 30 INNIYVAIA E _._r H ()
NVDIHOIW D | 5
SONOJ >
//\ 2048 aoos D ¥201) ONIXEYd ke
AU3HOLVH Y3LivM WHYM 33A0N3__ | | s
A ﬁ AYIADLVR _ 1~ 2

1NOAYT  ALINIOVS

¥3MoN

7 ININAOT3A30
3unLAd

b

SONOd HSI3
39vH04 ONV
@O.CE«JAOON

|
|
3AIN0 301AH3S

8 33AC7<W3
S

3N 3381 uz:.m_xm\
JoNvHIN——t |1 - - -
(5356 9}
: ONDiNVd SNE

Qvod 3NV FLHM

O o O

354




TReATHENT

LAKE

RECHARGE

HATCHERY PROPAGATION _ : 358

Fig. 6. (Facing page) Conceptional design of a
hatchery being considered by the State of
Michigan. It would be used to rear black bass
and other warm-water species of game fishes
under the intensive system.

Although differences in behavior are readily
apparent, modifications in . technique can
compensate tor the differences within the
basic concepts illustrated.

As an cxample, the largemouth bass is
attracted to fibrous nylon felt material and by
choice will deposit eggs on a site equipped
with the material. Smallmouth bass, on the
other hand, arc attracted to gravel spawning
sites. T.H. Inslee (personal communication)
designed a spawning box containing gravel
which could function in smallmouth bass
spawning just as the nylon felt spawning mat
does in largemouth spawning. Doubtless,
development of mass propagation methods
for Suwannce, (M. notius) Guadalupe (M.
treculi), or redeye bass would disclose the
need to make a similar modification to the
hasic systems. In conjunction with a
taxonomic study, Ramsey and Smitherman
(1972) reared small numbers of smallmouth
bass, northern and southern spotted bass,

Suwannee bass, and redeye bass with the fry -

transfer system. Although their work did not
require mass production of the young of these
species, the system functioned to produce the
test animals needed. Such experience sug-
gests that only minor modifications to the
outlined systems would cnable the buass
culturist successtully to mass-produce any of
the centrarchid basses.

Application of existing knowledge of black

bass culture by competent, well-trained fish’

culturists, who are provided with an
adequately designed hatchery plant, should
enable fishery management biologists respon-
sible for maintaining and improving fishing
for black basses to have an adequate stocking
tool Tor use where needed. In this way the
potential of a most valuable group of sport
fishes can be more fully realized.

Summary

Hatchery propagation of the centrarchid

basses has been concerned mainly with the

fargemouth and to a lesser extent with the
smallmouth bass. The limited experience

reported for the other 5 species suggests that
the methods used in largemouth and
smallmouth culture are adaptable to these as
well. :

The most practical method of mass:

producing bass fingerlings up to a total

length of 4 driches (10 em) is to stock small
bass of an appropriate size into prepared .

rearing ponds at a density governed by the
size being reared.

Fry can be produced in a spawning pond
under the care of the parent fish or obtained

by usc of a specialized technique controlled

by the fish culturist,

Beyond a size of 4 inches, artificial teeding
in cither a pond or raceway environment
scems more feasible for production of large
numbers of fish. Although efticiency of food
supplies declines beyond a size of & inches
(20.3 em). it is technically possible to rear
largemouth bass to adult size it a need exists.

Growth and maintenance of hatchery
brood stock is commonly done with a forage
fish ration, probably is the best approach for
most hatcheries. However, there are advan-
tages to using an artificial feed which could
make this procedure worthwhile in many
situations.

Additional research appears to be needed
in the intensive culture of largemouth bass to
increase success in feeding the smallest size
fry artificially. Study of methods for rearing
aclult bass in large numbers on artificial food
also is needed. If a need for mass culturing
the species of basses other than largemouth
and smallmouth develops, it will be necessary
to verity ‘the assumption that the present
systems are effective in culturing them.

With these exceptions, it appears that
existing hatchery technology has the capa-
bility to meet any rcasonable demand for
black bass of any size. provided that
facilities, funds. and manpower are made
available.
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