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Rearing largemouth bass fingerlings in cages1
J. R. Snow? and C. F. Wright3
Fishery Biologists (Mgt.)
Warm-water Fish Cultural Development Center
Marion National Fish Hatchery
Marion, Alabama 36756

Abstract

1

Largemouth bass Micropterus salmoides, Lac. fingerlings“were‘

" gsuccessfully grown in cylindrical cages made of a synthetic netting fabric.
Diet was Oregon Moist Pellet or floating trout pellets fed ad lib Feed
conversions ranged fromxl .31 to 5 19 for 16 cage replications included in

four trials. One trial was in the fall months when water’ temper uvre

pl

averaged 14 7°C. Another was during the fall and winter (144 days) when

average water temperature was 12 8°C. The other two were done in the
x‘f

© summer at an average water temperature of about 27°C Survival was 83 7

' :
' i

percent or higher for all lots except two where side effects from a diseasc

treatment caused mortality. Response of the test«animals to ‘the cage environ-

ment was comparable with what had been observed in rearing this size .bass

, *

on artificial feed in small earthen ponds., Cage design was satisfactory

. and the method shows promise for specialized use in bass culture.‘;

la
' I
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Introduction

Growth of fishes in cages has attracted widespread attention in
parts of the United States in recent yeara Schmittou, (1970). Lewis, :
(1969). Collins. (1971) -In contrast. cage culture (basket culture):n
has been used in Asia for many years according to Thiemmedh, (1961)
,",i Asian uork has included a' variety of species while cage culture in'
the United States has dealt nainly vith the catfishes, blue, channel
and white. However, Pagan » (1972), reported successful culture of Tilapia%

aurea in cages. Also, Coll*ns (1972), was: able. to rear rninhow trout.‘ﬁ

Salmo’ gairdneri Rich. by this method.= Powell (1973) grew striped bass

Horone saxatilis, Walbaum, in eages suspended in brackish water.

Adaptabilicy of several species to cage confinement prompted a study
to test suitability of the cage for holding largemouth ‘bass, Micropterus
salmoides, Lac. during growth periods. WOrk at the Marion National Fish
Hatchery had developed production methods for rearing largemouth bass in :
earthen ponds on a diet of artificial food which gave predictable results'
(Snow. 1968) Thus, a technique(of trnininp bass fingerlings to live nnd?
grow under confined conditions was well established and considerable dutd}
were available for comparison with growth and survival rates obtained in
‘cages.‘ An opportunity developed in the full of 1971 to conduct a trial
when water temperature was cool.- Two additional trials were carried out
during the summer of 1972 with a. final cool season trial in the fall and
vinter of 197‘2-7_3.” e _' .' . |
e . 'Haterial:nnd‘hethods:‘f‘.-

\*.Cage design has varied depending uponvthc ideas:of the fish culturist.

"Although the cages we had seen were rectangular, it was thought that an

active fish such as the largemouth bass could be held to "a ‘better advantage



in a cylindrical container. . Our experience in handling the 1argemouth

bass indicated that the species was susceptible to skin damage which often -
resulted in columnaris and other bacterial infections. To, minimize this
and other effects of crowding, a cylindrical container'was designed having

a capacity of about one cubic meter. . To further decrease the possibility\

of skin abrasfon and to insure durabllity, i plastic screen matcrial known

RN

~commercially as Vexar was used. Two mesh sizes were tried, one of 0 64 cm,

the other about 1‘27 em. The cylinders were held in shape by rings made

of 1 27 cm wide strap methal welded into circles 117 em in diameter which

;were located at the top and bottom'of the cylinder. A feed retaining ring
;or cylinder of plastic netting 54 cm in diameter, extending into the water,
iabout 25’ cm. aided in keeping the feed inside the cage until it could be
:eaten. Cages were supported 14 18 cm off the pond bottom in water about

' 85 cm deep by means of three. steel fence posts driven into the pond bottom.

% -~

iFigure 1 shows cages of both mesh sizes. Figure 2 depicts details
of fish harvest. Volume of water in the cage was approximately'o 67 m3 when

,‘the 0 32 ha. pond was full. ' Water level fluctuation ranged from 0-15 cm.
. Four trials were conducted in the feasibility study. Trial 1 took
’place in the fall of 1971 using three cages of 1.27 cm mesh fabric.' Cages

wete stocked with about 300 fish each on October 18 The test animals had

i

been reared to a size of about ll S cm total 1ength (weipht dhnut 15 p) in

‘fearthen rearing ponds. They were slower growing individuals which had been,

wl,\

l}graded from lots shipped as 18 cm size. Prior to’, being placed in the cages;

PN PR
3 volume and hand fed

[N b 'v

/_for two weeks.: Number and weight of fish stocked is shown in Table l. The

:they had been held in a concrete tank of about l 41 m?

- : PR

Yo

'insh were fed floating trout pellets ad lib each day The first week two

feedings were given per day.. After thnt they were fed once ench dav..xTrial


http:about'1.41

l began on October 18 and continued until December 18. At the end of

Ithe period fish An each cage were counted and wcighcd, Water temperatures

were obtained from a thermograph located in a. similar nearby pond less

'''''

‘than 100 meters away. . ix
’ (

’ Because of thc smaller size fish availuble .a mtsh size of O 64 cm

.l

was used for three cages in, Trial 2. Fingerlings were trained to feed
.on Oregon Moist Pellet (OMP\ in concrete holding tanks following a technique
described by Snow (1965) Two cages vere stocked on June 9 and the third |
was' stocked and feeding begun on June 16 The latter cage was stocked with
ifingerlings from a different lot which were somewhat larger than those V‘
‘used in the first two‘cages. -Stocking rate was 1,500 fish per cage and the '
‘volume of water again approximated two-thirds of -a cuhic meter. .Food in “;
gthis trial was OMP supplied ad lib. four times per day, seven days per week.
The trial covered a period of 41 days for two- cages and 34 days for the -
fthird A secondary objective of the work was to grow rhe test animals to

a size large enough to enable them to be -held in 1.27 em. mesh cages.‘
‘Stocking data are shown in Table 2.x Water temperatures during thi:‘periodA
‘were taken in Qh adjoining pond at a depth offISO cm and. averaged 27 2°C.
o The trial was terminated on July 20. Aftor removal to holding tanks.f

the fish were counted, weighed and sorted into three size groups,lsmall;

medium and large.~ : ' ‘ "‘V i“, f g,'ﬁ,"’}:;' l o

r.’

' Trial 3 was initiated the day following termination of “Trial ‘2 using'

}the medium and large size fingerlings produced in that trial. Thrce cages

i

‘;made of - l 27 cm fabric were stocked with fingerlings of an average size of

7 . \i‘

‘28 gms. It was necessary to supplementtthis size with l 59 kg (105 fish)

¥

,ﬂof a 15 g size. Numerical stocking rate was 500 fish per cage containing

a watcr volume of about two-thirds m3Q Thrcc cages made of 0.64 cm mesh



fabric were stocked with 600 lSig Eish. xPrior to'stocking,‘the fish"
were given a 12-hour prolonged treatment of penicillin-dihydrostreptomycin '
at a rate of 12 ppm. After stocking, they werce fed l/b-inch OMP medicated ‘
with oxytetracycline at.a level to provide 3. 5 grams of antibiotic activity
per 45. 5 kg of fish per day. eeding medicated OMP was discontinued after
the seventh day and the diet was changed to a floating trout pelleta
Frequency of feeding during Trial 3 was three times daily. Dead fish were
removed from the cages as they were noted and algae was scrubbed from the .
fabric once or twice weekly when growth made this practice necessary. All
cages were located in one . pond- of about 0. 32 ha® area.-‘

Trial 3 covered a period of 66 days from July 21 through September
25, Bottom water temperatures from an adjoining pond were available and
a record of water temperature in thiﬁcage area was taken for one month
using a Ryan submersible recording thermometer for comparison with the
thermograph.

( Trial 4 was begun on October 6, 1972. Four of the 1.27 cm mesh cages
were moved to another pond 0 10 ha in sizc and stocked at)two rates. Two
,cages received S 89 kg (13 pounds) of bass of an. avcrage wcight of 44.4 g .
‘and two others were stocked with twice that weight. Feeding with.medicated
)OMP ad lib was done two times daily for scven days. The ration was then

'changed to floating trout- Eeed4 . Twicc daily feedings were given until

¢

!
November 1 after which the Eish were fed once a dny when water temperature

-t

was high ennugh Eor [ood to be . consumed.» Thc amount of Ieod providcd Lo’ each
,cage was weighed and a record was kept of fish mortality. Water temperature
’was taken with a Ryan submersiblc thermograph suspended at a depth of 75 e,

\, ! 'tn '

The trial was ‘to last through the winter and terminate in enrly spring.

? Y {
Nt g
1

Purina #6 £loating trout chow.


http:cagesreceived'5.89

»At the conclusion of the study the test animals tere individunlly welghed
and measured to- provide an inventory of the survivors and data on growth.
- | ~Results and.Discussion. | |
The results of Trial 1 are shown”in Tnblc.l;' anvival of'test~unlnnls;
‘was escellent. Weight gains were in line with the prevniling water |
temperature which averaged 14.7°C. for the period. Feed conversion wss
'somewhat higher in Cage 3 than anticipated for. unknown reasons. Cages l,.
and, 2 showed feed conversions which were comparable to those obtnined for
pond feeding during the cool season,of the ycar. "No unusual problems*werc
. encountered and.the outcome indicated a need”to repeat the work under cone
.ditions where water temperature was conducive-to nore ranid growth.-

had

Since thc test fish .available for Trial ‘2 (Table 2) were smaller,  the

1

“number per cage was increased to 1, 500. Cages 2 and. 3 were stocked’ with

‘e

slightly smaller fish than Cage 1 but a one week delay in" stocking Cage 1

probably reduced the size differences: . Performance of the two lots of
. fish was distinctly different and indicate.the desirability oflusing test:
aninals from a comnon lot when comparisons are being made. - Since this

_ trial-was mainly a feasibilityrstudy the disparity in responsefwas not
‘_'éoheiaérea~:o be harmful to the outcome; As in Trial l.the results were

. highly encouraging. .Survival was'high.n Growth rate was slightly lower —
than we have obtnined in ponds on an OMP divt but was still quice nccoptable.

Thc pooror pcrfurmwnvo of“thc lish lu Lnrc l cunld hnvc bccn ultogcthc.
“ . . ,\:‘ . _5( “."
due to the difference in response of the ‘two lots to the care given. However,"

s S

'~the lower survival percentage in Cage’ l may relate to the recovery ‘of 88 bass
SR .

'"ifingerlings from the open pond when it was drained following thc termination

of Trial 3 These fish were observed around ‘the’ cages on several occasions

4

_}during the study although the first time they made their appcarance is -unknown. .



S

No opening large enough for. escape of the contained fish was-found in .

e

Cage l but there were no dead fish noted in the cage and cannibalism as
indicated by unusually large individuals was not evidenced. The lower )
survival percentage and higher food cunvorsion suggest abnormal circum- ’

stances in this unit. Recovury of more fish than was stockcd in Cage 2
" A

is an indication of” occasional fallibility of the fish’ culturist depending
upon number-weight relationship to provide an accurate estimate of numbers.

A possible explanation is. given as a footnote of the table. Fish in Cages
?.
2 and 3 showed excellent food’ conversion and rate of growth. The numerical

!

rate of stocking used appears to be: about right for an acceptable rate of
growth although it would have been necessary to reduce the fish density if
continued growth at an optimum rate was to be maintained., A.density of

1 668 fish per cage showed more .than 25 percent of the number of the small

*

~size group while one of 1 394 had 11 percent in this category. Further
evidence of the disparity between Cages 2 and 3 and Cage 1 is the fact that
28 percent of the fish in Cage 1 ‘were in the small slze group. There were’
;no unusual problems in Trial 2. The fish fed well and oxygen was not a
problem.

In Trial 3 six cages were involved three 0.64 cm mesh and three of

i

1 27 cm mesh fabric. Fish from Trial‘Z weremixed and used in Trial 3

Kiiograms stocked per cage ranged from 9 07 for the fine mesh to 14 29 for ,
’ the coarse mesh.' It was: necessnry to add 1,59 kg of the mcdium size finger-
1ings in Cagc 5 to bring the uumbor up_ to specification. bceding medicuted‘

: feed and giving overnight prophylaxis was effective in holding observed
mortality to a low 1evel 1 DiSLase dcvelopcd in threc cages during the last
week of the trial and probably would have requircd trcatmunt if; the trial

b

had not been scheduled for termination. This suggests that the 70-day feeding



'period was about as long as thc obscrvcd denslty could be mnlntaincdiundtr‘
our conditions without developing a disease epizootic. ~"J

Best gnin was measured in Cages 2 (23.68 kg ) nnd.6 (26 59" kg ) stocked
with the larger size fingerlings. The other four cages gained at about the'
smae rate, ‘from 18.19 to 20.28 kg. Conversion 'was lower in the slower gaining
cages in three instances ranging from 1.32 to 1.46 as compared to 1.50 and 1. 58
in the two higher gain lots.  Cage 5 showed a conversion of 2. 07 which was
different enough from the other five to sugrcst that [lsh in this. unit were:
not a part of the. same populution as the other cugcs. Bottom water tompera-:
‘ture during the trial nweraged 27.3°C. A month's continuous tempecrature
record taken with a Ryan submersible recording thermometer suspended near the
edges at a depth of 75 cm showed a mean temperature two degrees higher than
the bottom measurements.

Considering the size achieved in Trials 2 and 3, growth in the cuges
was4comparab1e to that measured in small earthen ponds stocked at a rate
of about 50, 000 fish per ha. Average_length was about 18 cm attained in a
growing period about,llO days. Details of Trial 3 are ‘shown in‘Tahle‘3

The fish size attained in Trial 3 was determined by measuring a sample
of each lot in five instances and the entire lot. in Cnge 5. Length was o
*taken to the nearest millimeterand weight to the nearest tenth of a gram.'
,Sample size varied from 200 to 260 fish pcr cage. Pish not measured and 1'
weighed individually were counted and weighed as a lot. Length-weight |
:relstionships for Cnge 5 are shown in Figuro 3. | o

Results in Trial 4 did not parallcl thnso in Trial 1. Light'mortalitw"‘
was. noted in a11 cages following stocking This soon ceased and the fish
'fed well until mid-December.' They then stopped fceding and light mortaiityf'

e

was noted December 12-20. Examination,,indicoted the trouble to be’ columnaris



¢

disease coupled with a secondary fungus infection. To minimize handling

stress it was decided to’ treat the pond rnther thnn to move the fish. )

1 ‘

Treatment of choice was 25 ppm formalin and 0.1 ppm malachite green as a-

[

pond treatment. After applyinp ‘the chemicals on Deoemher 21, an aerator

: was:installed at the deep end of the pond. The diet of the fish also was

¢

changed on thut duto to oxytotracyclint—medicnted oMP,

On December 23 the acrntor malfunctioned and a substantial mortality

v

was noted in the two cages located nearest the deep end of the pond

Presumably either a "hot" Spot developed An, this area causing fatal stress

{

to some of the fish in the two deep cages or oxygen became deficient in
the area of these cages.‘ﬂBecause of’the’water temperature’the former
Nsupposition'is mqre logicalf» One cage sustained a loss of 45 fish while

the second had 27 dead. N © ‘

"~

Loss in the other two cages, located ahout 100 feet away in shallower
water, was*neg]igible.' Food intake improved by the sccond day following

treutmtnt and thc fish were completely 1ccovo|td in about 14 dnys. Basic

'

cause of ‘the. infection was attributed to rough edges of the plastic fabric

on the foeding fnnnel - In the procoss of consuming the flnutinh pellets

7

the competin5 fish abraded head and coudal peduncle ‘arcas which subsequently'

became infected The cage was modified to eliminate the abrasive surface

- '

)

and no further truuhle was oxpcricnccd L :

'

The trial wns continuod until lohxunxy ./ ) an days lollowinr tolmiun-,

- toe
)

tion ofxfeeding, individual weights to the nearest bram and total lengths to

the nearest 0 1 cm were taken. Based on these and earlier measurements. data

'
x‘i‘y’
H

in Table 4 are presented to illustrate rosults of Trinl 4 R T
f& Average wuter tcmperature nt the 75 cm depth was 12 8°L. Tce covered

i
3 L
i ' J .

the pond surface .on two occosions for short poriods. Durinb one’ period in

B [



January no food was taken for five days. Later. in early February,

four-day interval oecurred when no feed was taken. when warmer‘tempera-;
i ,' i f b !
tures followed these cold" spelle feeding activity was vigorous. These

i
i

observations supplement a previous report (Snow, 1969) that little arti-

1

y

ficial food is consumed~by largemouth bass of this size when‘water temperaf”;

1

ture drops below 8. 0°C (45°F) . ‘ , - T '%zf§

While the results of Trial 4 were not as successful as those oarlier

the outcome was greatly affected by the quality n[ Lhc hushandry rivcn. e

' @8
Al

bisregarding the mortality caused by the disease treatment would have made~
survival and feed conversion eomparable to the other trials. It was demon—
strated that measurable’ growth can be made by bass in cages during cool
season months at this latitude when fed artificial feed Whether rne gain'
obtained from attempting to feed during the cold periods is sufficient to
pay for the time involved in feeding is doubtful. In a situation where

the gain is quite valuable, feeding on alternate days with no feeding when

temperature is below 8°C. seems advisable. ‘"

/

The heavier stocking rate used seemed about right for winter. conditions.

‘The lower rate did not appear to make best use of cage space. Results :

\\ o

suggest that up to 23 kg of fish per 0. 67|n3is acceptablc and does not e

ol

'

reduce the growth rate. .’ A "' ’ {‘If"‘ 'f;~;
Results of these trials indicate that the cage environment is suitable ]
for rearing largemouth bass to a 51ze of. 15 20 cm (6-8 inches) As with,“,,

othcr spccies, empha31s on quallty ol thv nltlnn und disunse Lnnllol nlh :

- ¢ ")
¢ . ?.\ v v . s

essantial if consistent returns are ‘to be obtained. Feed conversion may be

t ; f ki

1 ot ‘l'.‘ “1“

slightlyjhigher in cages than in ponds, probably reflecting in part the con-'

1
K

tribution,insects make in the pond environment.‘
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Although the optimum stockingkdensity was not established by this
work, it appearsYthat a final fish weight of 40-55 kg per cubic meter in
ia 1‘27 cm mesh fabric cage can readily be. achieved Back calculation from‘
this weight to include length of growing period, size of fish avnilnble

'for stocking and prevailing water temperatures should enable the fish

culturist to estimatc the bcginning storking donsity. Por a cnmpletc
f

\)/

growing season (ll0-120 days) a starting weigh of 5-12 kg per O. 67m3 of
water volume nppears about right for our conditions. If growth slnws “down, *
- marked disparity of size develops or disease losses occur, reducing the
density by ”ing ond recombinlng sizt groups cnn be resorted to as a means
of correcting the difficulty.

Circumstantial evidence suggests{that feeding oxytetracycline at a
‘level of 3. S5g antibiotic activit} per 45.4 kg of live fish weight for
‘seven days before and after handling the fish reduced losses caused by
skin infection. . \ ¥

Because of the limited scopc of this work and the small number of
:replications, caution should be exercised in applying the results of our

: study without fcasibility trials under the. conditions where the applicntion

is to be made.
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Table 1, Stocking and recovery data from "’rlal 1.

LA

:Item" » ngl "Cagez - Cage3d
Date stocked. < -:10-18-713 - f;o-ls-n 10-18-71
Date removed: | -12-18-71 : 12'-;18-71“"' 12-18-71
'ﬁuipbelr"étoi;kcd o 404" s 302 "
Number removed 402 _ 320 . 300
Percent survival ~ '9~9.'5 C9%.6 99,3 |
.Wélght:stocked (kgj . 6 14"_' 5,44 4,54
Weight hérVgscéd (kg) 10,91 1043 8.16
-Gam ip Weigﬁ.t kg ) - © 4,71 4.99 | 3,62

' Feed supplied (kg ) 7,89 .89 8.71
Feed conversion ‘ 1.65 - 1,58 2;41

%300 flsh weighlng 5. ookg ‘were stocked on this date. :

104 additional fish welghlng 1,13 kg were stocked on 11-10-71.
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Table 2, Stocklng and recovery data from Trial 2,

tem "~ cagel __Cage2  Cago3
Date stocked . 6=16. 6= 6-9
Da.to harvested : 71-20 | 7-20 - 7-20
Days fed | _ S 34 11 " - 41 |
Namber stocked® 1,500 . - unknown 1,500
Nnmben removed i ' 1,268 1,668 , 1,394
Surleal, ' pcrcent 84.5 unknown - 92.9
Weight étocked. kg. 6.80 4,542 4.54
weight'remow}gd. kg 22,45 28,57 " 27.90
Gain, kg~ | 15.65 24..03 " 23,36
:Fecd supnllcd, kg 30.89 35.02 35,74

Feed conversion 1.97 1.46 1.53

Size groups, No. and Wt.

‘Small 350-3.18 kg  425-3.86 kg  150-1.36 kg
Medfum ~ . 510-11.98 kg - 795-12.02kg  660-9.98 kg
- Large . 408-11.57kg 448-12.7 kg 584-16.56 kg

_ "Rccovclv data from (‘.u,o 3 bu;.gvsls that an error of 907 kg occurred
in woighlng out fish for stocking. Probably the actual number stocked was nearer
11, 800 than l 500. This would glve a survival of 93 percent and a feed conversion

of 1.51 which is almost idcntical with rcsults in Cage 3 where fish:from the same

‘ " lot were stocked.


http:584-16.56
http:408-11.57
http:660-9.98
http:795-12.02
http:510-11.98
http:150-1.36
http:425-3.86
http:350-3.18

Table 3, Stockhig and recovery data for 'T’;ial' 3.

Cngc Numbcr' -
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Item’ 1 3 4 2 5

Date stocked 7-21 g1 el e 721 ".,7_-,2"1
‘Date harvested 10-2 10-2 102 9-25 9-25 "9-25
Days fed 12 72 72 65 . 65. 65
Number stocked 600 600 | 600 ,u.nl;n;wn, .500 unknown
Number removed TR 561 524 . 437. 5_5_4’,”
Survival percent 06.5 8.7  93.5 unknown - 8T.4  unknown
Wei"_gh‘tAs'tockcd, kg 9.07 0,07 9.07 - 14,29 12.93  14.29
Weight removed, kg 20,35  27.94  27.26 37.97 31.16  38.87
Gain, kg | 20,25 18.87  18.19  23.08 18,23 24.58
Feed supplied, kg. ‘ 26.67 . 26,67 26,50 37.42 37.65  36.97
Conversion .32 L4l 146 1.58 201 150




Table 4, Stocking.and recovery data from Trial 4.
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-Iitofl'\" , Cagcl ' .Cagc 2 Cage 3 Cage 4
‘Daté stocked .10"‘.3"72’ 10-6-72 . 10-6-72  10-6~72
béi;i':l:nrvesicd 2-27-13 2-27-73 2-27-73 - 2-21-73
I?hys .fe(:ll ‘ 144 1 144 144
Number";stoclicedv. 136 - 204 148 283
Number );"emoVed 8 213" 124 255
‘Survival, porcent €10 - 724 83.8 " 0.1
Weight stocked, kg 6.03 11,75 6.03 11,75
Weight removed, kg 8.23 19.20 11.82 20,91
Gain, kg 2.20. 7.45 5.79 9,16
Feoq_éuppncd, kg :11;339 12,47 11,43 12.61
Convérslén | 5.18 1,67 1.97 1.38
Observed mortality 49 24 16 11
Average 1ct;gth incm 18.57 18.29 18.70 18.11
Average woight, gm 99.1 /90,0 . 95.2 82,0
| Ma.x'iml.l‘l'n. length attained’in em : .'2i,2 22,8 22.! . 22,6
.' M;’ﬁimmp iéngt'h‘Jln"cm 16..1 ) 1540 14.5 15.4
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FIGURE 3. "LENGTH.-W‘EIGHT'RELATIONSHIPS - 437 FISH FROM CAGE 5.




