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Abstract

We describe an artificial propagation procedure and simple ploidy discrimination tech-
niques using erythrocyte major axis length for largemouth bass Micropterus salmoides. Hor-
monal treatments of 5 mg/kg of carp pituitary and 50 pg/kg of leutinizing hormone-releasing
hormone (LHRH) produced viable gametes in 21-24 h, and triploidy was induced using a
pressure treatment of 563 kg/cm® on embryos for a 1-min duration exactly 5 min following
fertilization. We produced about 500 fingerling triploids and about 500 diploid controls, and
verified genetic status of a subset of each group using flow cytometry. Erythrocyte length was
measured for 10 known diploid and 10 known triploid individuals. Remaining fish were
internally microtagged with group-specific tags and mixed to test the model. We developed
ploidy discrimination intervals based on the 99% confidence limits of mean erythrocyte length
(MEL, N = 25 erythrocytes) for individual fish, which were 14.43-16.66 pm for triploids,
and 10.23-13.62 um for diploids. Logistic regression provided the discrimination model: Ploi-
dy status () = —196.16 + 13.97 x MEL, with positive (+) outcomes considered triploid.
Both discrimination techniques were 100% effective at differentiating ploidy of the 22 mi-
crotagged largemouth bass recollected from the mixed population. We did not observe a
significant change in erythrocyte length as fish size increased, indicating that erythrocyte
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length is an accurate predictor of ploidy for all sizes of largemouth bass.

The largemouth bass Micropterus sal-
moides is an economically important spe-
cies. Due to tradeoffs between somatic and
gonadal energy partitioning, the growth po-
tential of largemouth bass can be limited by
reproductive requirements. During repro-
ductive development, energy for somatic
growth and maintenance can be reallocated
to reproductive output, resulting in reduced
growth after sexual maturation (Allen and
Stanley 1978). Such slow growth can be
counterproductive to the objectives of fish-
eries managers and the aquaculture indus-
try. One solution would be to produce non-
reproducing largemouth bass that invest
less energy into reproductive development
and output. If reproduction can be elimi-
nated, the resulting energy surplus could

supplement growth (Thorgaard and Allen
1987).

The two techniques that are currently
available to mass-produce sterile fish are
application of strong doses of steroid hor-
mones and chromosomal manipulations
(Stanley 1981:; Donaldson and Hunter
1982; Purdom 1983; Thorgaard 1983; Ya-
mazaki 1983; Dunham 1990; Thssen et al.
1990; Striissmann et al. 1993). Chromo-
some manipulation techniques, such as trip-
loidy induction, appear especially suitable
because of the public’s acceptance of the
final product over hormone-treated fish
(Brown and Roberts 1982; Refstie 1982
Bye and Lincoln 1986; Striissmann et al.
1993). In previous studies, the induction of
polyploidy has proven an effective method
of producing permanently sterile fish with
reduced gonad development (Purdom 1976;
Wolters et al. 1982; Cassani and Caton
1986; Parsons and Meals 1997). Increasing
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the number of chromosome sets in fish can
yield faster growth and larger ultimate size
(Valent 1975; Purdom 1976: Wolters et al.
1982 Chrisman et al. 1983) and can have
beneficial applications to fisheries manage-
ment and aquaculture.

Applying high pressure to fertilized egos
has successfully produced largemouth bass
triploids (Garrerr =t al. 19923, However
Garrett et al. (1992) pressure-treated limited
numbers of fertilized epgs, and only 61 in-
dividuals from six different treatments L=
28 individuals per treatment) weare analvzed
for ploidy starus. Alse, largemouth bass are
difficult to propagate artificially, Most
hatchery propagation of black bass relies on
natural or semi-patural reproeduction in
which male and female fish engage in nest-
ing behavior in ponds or spawning tanks
(Snow 1975). Whereas effective production
of mipleid largemouth bass requires the
ability to abtain viable gametes on demand,
propagation techniques need to be ad-
vanced.

Methods for mechanical induction of
tiploidy are not always 1009% effective
{Harrell et al. 1998). Hence, induction suc-
cess of treatments must be verified W de-
termiine the proportion of riploids obtained.
Accepted techneologies for detecting poly-
pleidy include cytological karotyping
{Thorgaard 1983), staining nucleolar-orga-
nizing regions (Phillips et al. 1986, particle
size analysis that measures erythrocyte cell
or nuclear volumes (Thorgaard 1983: John-
son et al. 1984 Wartendorf 1986; Cassani
1990}, and flow cytometry analysis (Allen
1983; Johnson et al. 1984). While these
techniques generally provide accurate veri-
hcarion of polvpleidy (Harrell et al, 1998,
the high cost of equipment and associated
expertise make them unavailable to many
producers and managers.

Microscopic measurements of erythro-
cyte dimensions have been used to verify
rriploidy in some fish species (Garcia-Abia-
de et al. 1999). The sizes of blood and other
cells correlate with DNA cellular content,
which in fish is primanly related to ploidy

level (Fange 1992). This technique is less
complicated than other techniques and can
be performed with minimal equipment and
training. The reliability of this technique for
differentiating diploids and triploids has
varied among fish species, ranging from
T0.8% 10 rainbow trout Oncorhvachus my-
kisy (Tambets et al. 1991) 0 95-100% in
landlocked Atlantic salmon Salme salar
{Benfey et al. 1984), [n this manuseript, we
evaluate the use of erythrucyte length mea-
surements, by comparison with fow cytome-
ety analysis, for differentiating diploid and
triploid largemouth bass. In this prelimi-
nary study, we developed rwo discrimina-
tion techniques using ervihrocvie cell
length to assist in ploidy determination, and
validated both technigques’ performance us-
g internally-tagaged dipleid and mploid
largemouth hass.

Materials and Methods
Triploid Producrion

Broodstock were collected from Luc-
cherti Reservoir, Puerto Rico, Males and fe-
males were sorted based on degree of re-
productive development, and only fish with
free-flowing gametes or advanced gonadal
development were transporied to the hatch-
ery ftacilites et Caribe Fisheries in Lajas,
Fuerto Rico. Fish with natwrally fres-Aow-
ing gametes were immediaely spawned.
Largemouth bass with advanced gonadal
development but without free-Aowing gam-
etes were artifictally indeced o release
gametes using hormone injections, Both
males and females were injected with 5 me/
kg carp pituitary extract in the body muscle
tissue between the second dorsal fin and the
lateral line, and with 50 pg'kg leutinizing
hormone-releasing hormone (LHEH) in the
dorsal lymphatic node, Injected fish were
held in concrete tanks for spawning on the
following day.

Eggs were stripped into a dry container,
and milt was stripped from males and col-
lected via pipete. Milt was mixed with
about 10 mL of 0.3% NaCl irrigation to in-
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crease the volume, and then poured over the
eges. Fertilization was considered to be in-
stantaneous, althowgh 1 min of fertilization
time was allowed before dividing the eggs
into control and treatment groups. Eggs
from the treatment group were placed into
a mesh basket, and the basket was inserted
ino a water-filled pressure chamber. At 5
min post-fertilization, eggs were subjected
10 563 kglom: (8,000 p.si.) for | min (Gar-
rett et al. 1992). Mo treatment was given o
control eggs. Eges from both groups were
placed on incubation mats within conerete
harching tanks.

Hatching began within 48 h, and esti-
mated egg mortality was about 40%, Swirmn-
up and first feeding foliowed about 3 d
post-hatching, and fry were fed live brine
shrimp Arremia graciiis twice daily w sa-
tation hefore being moved o a natral prey
base (Poeciliidae) in grow-out ponds.
When juveniles were large encugh (at least
37 mm total length). they were tagged with
binary coded wire tags to differentiate trear-
ed (N = 477) and control fish (N = 487).
These fish were then combined and released
into Lucchewti Reservoir to be recaptured
later for validation of the discrimination
technigue. A subser of each group was re-
teined for cytometric determination of ploi-
dy and development of the erythrocyte
measurement discrimination technique {age
of fingerling = 53 d).

Verificarion of Ploidy

Ploidy levels of a subset of control and
treared individuals were assaved using flow
cytometric analyses, Erythrocyte cells were
collected from individual fish (length range
= 34-58 mm total length), RNAase was
added to prevent EMNA staining, and the
DNA was stained with propidium iodide.
Propidium iodide intercalates into double
stranded nucleic acids and provides a fluo-
rescent signature. Whereas fluorescence of
the cells is directly related wo DNA content,
triplaids tend o be about 505 brighter than
diploids. For each sample verified wosing
flow cytometry, 10,000 measurements of

ervthrocyie fluorescence were taken. For
maore detailed methodology and explanaton
of flow cytomerry, see Kerby and Harrell
(1990,

We used 10 wmiploid individuals and 10
dipleid individuals from the groups verified
by Aow cyvtometry to develop the discrim-
ination protocol for using erythroevie major
axis length to differendate ploidy level.
Sample fish ranged in size from 17 o 25
mm total length. No fixative agents were
used, although a small amount of 0.7% so-
divm chlonde immigation was vused o dilute
the samples. Blood samples were collected
from each fish by severing the caudal pe-
dunele, and blood smears were prepared by
placing a small drop of diluted blood on a
class microscope slide and covering with a
cover glass. For sach fish, cell lengths were
measured for 25 randomly-selected eryth-
rocyies under 1,000% magnification (in-
cluding 10 evepiece) with oil immersion
using an ocular micrometer fitted inside the
evepiece of a compound microscope.

For each bload sample, we calculated the
mean erythrocyte length and the 99% con-
fidence interval for the mean (Cimino
1972}, For each pleidy group, we used the
lowest and highest confidence limits of
mean erythroeyte length from the 10 indi-
viduals to establish the bounds of the dis-
crimination intervals. Discriminaton inter-
vals are explained further in the results.

In addition o the discrimination interval
technique, we created a prediction model
using logistic regression. Mean erythrocyte
length was the independent variable, and
ploidy starus was the dependent vanable.
The resulting equation calculated the logit
value—the logarithmic of the probability
that an erythrocyte mean length was trip-
loid divided by the probabiliry it was not
The logistic function model was designed
to provide a positive (triploid) or negative
(diploid) response te erythrocyte mean
lenath based on the sign of the outputr num-
ber.

After developing the original discrimi-
netion intervals and prediction model with
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TaBLE 1. Stocking and ploidy statisies uf coniral and pressure-rreared largemauth bass stocked in Liccher
Reservair on 3 May 2000 Al Llengths are measured in ol lengrh. Plowdv was determined using ffow cyom-
Eiry.

Trent- Stundurd

ment Mumber Mean arror af Minimum  Mazimum Mumber Percent
EToup stacked  length imm)  meun imm)  length imm) length imm)  verified triplaid®
Contred 457 46,7 1.50 T a8 21 4]
Treated 477 63.3 HE | 42 w 23 133

* Bazed on flow cviometry of 21 control and 23 treated largemouth buss,

known ploidy fish. we periodically recal-
lected tagged bass from Lucchetti Raservoir
using electrofishing. All tgged largemouch
bass were measured for toral length (TL.
mm) and weighed (g), then transported
alive o the lab where erythrocyte length
was used to determine ploidy. Slides werse
prepared using the same metheds used to
develop the discrimination intervals, and
100 erythrocyres were measured for each
fish. We did not remaove and analyze the tag
o determine the treatment group of each
recapture until after ploidy was derermined
using the blood smear technique, This
served as a blind test of the verification pro-
cedures,

We used two-tailed r-rests with a signif-
wance level of 0.05 o test for differences
m erythrocyte size distributions between
groups, Mean coefficient of variation (CV)
was calculared from CV values of individ-
ual blood samples and provided a compar-
ison of the technique’s sensitivity o sample
sizes tor dipleid and tniploid samples. All
statistics were calculated using SigmaStat
2038 computer software.

Resulis
Propagarion and {nduction

The use of a single mearment of carp pi-
tuitary extract and LHRH produced free-
flowing gametes in more than half of the
largemouch bass injected. Peak gamete pro-
duction usually occurrad within 21-24 h
following injection ar water temperatures
ranging 23-28 C. Waler temperature during
spawning, induction, and hatching ranged
23-25 C. Male larzemouth bass produced o

very low volume of milt, which was most
effectively collected using a pipette. The
quality and viability of hormone-induced
eges did not appear to be as high as thar of
nawral-induced eggs, which appeared o
axhibit slighty higher hatching success.
We successfully produced over 300 con-
trol and 500 pressurs-treated fingerling
largemouth bass trom four female and five
male largemouth bass brood fish. Cytomet-
ric verification determined that 100%% of a
sample (N = 23) of the pressure-treated
group were (riploids and 100% of a sample
(N = 2I1) of the contrel group were dip-
loids. Both groups were stocked into Luc-
chetti Reservoir in May 2000 (Table 1).

Ervthrocvie Lengrh

Similar 1w red blood cells of ocher fish,
largemouth bass erythrocytes are oval and
elliptical disks with & compact nucleus, Ma-
Jjor axis lengths of miploid larzemouth bass
ervihrocytes were significantly larger (P <
0.001) than the corresponding lengths af
diploid largemouth bass red blood cells,
Combined erythrocyte lengths of the crigi-
nal 10 wiploid largemouth bass displayed a
mean of 15.64 pm (SE = 0.06 wm), and
individual means ranged 13.00-16.10 pm
(SE ranged 0.13-0.26 pm. mean CV =
3.79%). The uppermaost and lowermost
99% confidence limits for the individual
means were used to preduce the rriploid
discrimination interval, 14.43—-16.66 po.

Combined erythrecyte lengths of the
original 10 diploid largemouwth bass dis-
played a mean of 11.82 pm (SE = 0.07
pwm), and individoal means ranged 10.76-
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13,10 (SE ranged 0.12=0.23 pm, mean CV
= 6.97%). The uppermost and lowermost
99% confidence limits for the individual
means were used 1o produce the diploid dis-
crimination interval, which was 10.23—
13.62 wm.

Using these discrimination intervals (Fig.
11, samples of unknown pleidy with mean
erythrocyte major axis lengths between
14.45 and 16.66 pm are designated mploid,
and mean lengths berween 10.23 and 13.62
wm are designated diploid. Unknown sam-
ples not coinciding with either the diploid
or wiploid diserimination intervals would
be considered “undetermined.”

Logistic regression of erythrocyte length
and ploidy status provided the prediction
model:

Ploidy status (=) = a + b ® MEL

where ploidy status (the logit prediction sta-
tistic) is given as either a negative (diploid)
or positive (triploid) integer, and MEL is
the mean erythrocyte length for a given fish
sample. Coefficients a4 and b were estimared
as —196.159 and 13.974, respectively.
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Verfication Using Ervthracytes

We collected 22 microtagged largemouth
bass from Luccheti Reservoir during a 6-
mo period following stocking. Ervthrocyie
length distributions of all microtagged fish
displayed two distinct modes (Fig. 2.
Means of erythrocyte measurements from
individual fish were plotted against the dis-
crimination intervals, and the technique ac-
curately determined pleidy for all 22 recap-
tures (Fig. 3), with no fish considered “un-
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Floure 3. Mean ervthrocyre lempth {based on [0O0
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Aatien rervals {short dash - diploid; lang dask —
trploid). and actual pleidy stams of 22 microiagged
largemouth bass recollected fram Lucchetti Reser-
wair, Puerig Rice. Ervtheacyie cell lengih (s platied
againgt individual fish total lengrh, Stondurd erroes
ferror bors) of mean cell leagihs ranped 0.05-0 /5
(RSN
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determined.” Binary wire microtags veri-
fied that the actual treatment group of each
recaptured largemouth bass matched the
erythrocyte technique's classification, indi-
cating that the discriminacion interval tech-
nique was 100% successtul during the rest-
ing phase. The logistic regression equation
also correctly predicted ploidy status for all
22 micretagged fish as well, providing a
100% success rate (Fig. 4).

There were no ohvious changes in dip-
loid or triploid erythrocyte major axis
length as the fish grew (Fig. 3). The initial
mean erythrocyte lengths for diploid and
uiploid largemouth bass (11.82 and 15.64
nm. respectively) were determined from
fish about 20 mm total length. Recaptured
targemouth bass ranged in size from 88 to
235 mm total length, and associated mean
erythrocyte lengths and standard errors fell
well within the technique’s discrimination
intervals for both dipleid and triploid indi-
viduals,

Discussion

We were able to successfully spawn
largemouth bass on demand in Puerto Rico
during their natural spawning season. Mat-
ural-induced eggs appeared to be more vi-
able. but they were not always available
since the female must be collected imme-

diately befere or during the spawning event.
A combination of carp pruitary and LHRH
injections was successful at inducing ovu-
lation in developing females and provides
the opportunity for greater control in the
propagation process. The reduction in viag-
bility associated with hormones can be off-
set by the increase in available broodstack
(and the available number of eggs) afforded
through greater control using the hormones,

The approach described by Garrett ar al.
(1992) was successful at producing triploid
largemouth bass in Puerto Rico, despite
higher water temperatures during our in-
duction precedure than during their proce-
dures. In their study, induction was Der-
formed at 18 C, and a l-min treatment of
8000 p.s.i. ar 5-min post-ferilization yield-
ed 100% triploidy for all fish verified.
Whereas metabolic rate increases with tem-
perature, the duration of the required post-
fertilization time interval is expected o de-
Crease as temperature increases. However,
we achieved 100% induction success at
temperatures ranging 23-25 C using the
same post-fertilization time interval pro-
posed by Garret et al. (1992). Whereas we
only verified about 4% of the pressure-
treated group, it is possible that some of the
300 pressure-treated fish were not triploids,
although no diploids were collected in sub-
sequent sampling,

Our results with triploid largemouth hass
are consistent with the findings that the in-
corporation of a triploid genome in fish
causes a significant increase in erythrocvie
cell and nucleus measurements (Benfey and
Surterlin 1984; Fange 1992; Boron 1994
Garcia-Abiado et al. 1999}, Measuremenrs
of cell major axis lengths and calculation of
their respective mean were able o correctly
classify 100% of diploid and wiploid fish
using the erythrocyte discrimination inter-
vals and the logistic regression model.
Whereas erythrocyte size did not appear re-
lated to largemouth boss length, these tech-
niques will be appropriate © verify triplai-
dy for all sizes of fsh.

We tested the technique using 100 mea-
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surements per fish, but sample size could
be lowered depending on the desired level
of accuracy. Because mean CV was similar
between diploid and tiploid fish., sample
size requirements should be similar for each
ploidy group. The overlap in cell size was
minimal, but mploids tended 10 have a
small proportion (about 2% of erythrocyies
within the primary size distribution (10-13
wml of diploid erythrocytes. The largest
dipload erythrocyte observed was 15 pm,
but this size group represented only 0.05%
of the entire distribution. Whereas much of
the triploid distribution was 15 wm or larz-
er. the presence of these larger cells in high
numbers could alone be used o differena-
ate riploid and diploid largemouth hass,

These techniques were not designed to
differentiate mosaies, tetraploids, or other
genatic arrangements. Thus. in situations
where samples may contain other vanations
in chromosome number, we recommend us-
ing more precise technigques, However, it is
reasonable to assume that further refine-
ment of the erythrocyte length technique
using other chromosomal variations could
expand its applicability to differentiate hap-
loid and tetraploid individuals as well, giv-
en the proportional change in cell size as-
sociated with chromosome number,

We have shown measurement of ervth-
rocyte major axis length o be & wviable,
pracucal alternative for distinguishing ploi-
dy levels in largemouth bazs. Blood sam-
ples can be easily removed from small fish
by severing the caudal vein with a sharp
scalpel or from biopsy of larger fish without
harm. Samples can either be examined im-
mediatelv or stained for examination at a
later date (Cimino 1973}, The simplicity of
techniques and equipment make it ideal for
fish managers and culturists alike. as both
start-up cost and training are minimal. Mea-
surements of cell Jengths of 100 erythro-
cytes and calculation of the mean can be
performed in about 25 min, making it a re-
alistc alternative for small-scale studies or
where immediate verification of individual
fish 15 required. Reducing the number of

measurements per sample can decrease the
processing time, but accuracy may decrease
as well,

Although other techniques such as flow
cytometry and use of a Coulter counter can
measure cells with grearer speed and accu-
racy, the cost of equipment can be prohib-
itively high (up o US$33.000 for a Coulrer
unit). Some organizations perform analyses
on a contract or per sample basis, but cost
can range US$75-5120/ excluding sample
preparation. shipping, and potental loss of
fish during transit. These costs could be re-
strictive o small-scale aquaculure apera-
tions and research projects, especially if
only a small number of samples are re-
quired,

Cr results indicated that the erythrocyle
technigue was 100% effective during the
testing phase of the siudy. Although we
only evaluared 22 individuals, the magni-
tude in difference in erythrocyte cell length
berween ploidy types suggests thar misclas-
sifications are unlikely. However, it is best
to err on the side of caution when wiploid
largemouth bass are to be introduced into
warers where diploid largemouth bass do
not exist or are of different genetic com-
position. To avoid possible repreduction of
misclassified diploids in these circumstane-
es. we recommend Aow cylomelry or using
a Coulter counter to verifv ploidy unul ad-
ditional data are available w confirm the
technique's accuracy. For other applica-
tions, erythrocyie length measurement ap-
pears o be a valuable technique for distin-
gutshing between diploid and triploid large-
maouth bass.

Acknowledgments

We would like to thank the Puerto Rico
Cepartment of Natwral and Environmental
Resources, especially Craig Lilyestrom.
Darien Lopez-Clayton, the Luccherti Res-
ervoir staff. Irving Villa, and rhe Maricao
Hatchery staff. We thank Morth Carolina
State University employees, including Nate
Bacheler, Felix Del Toro-Silva, and Grisel
Rodriguez-Ferrer, who provided assistance



TRIPLOID LARCEMOUTH BASS 23

in all phases of this research, and Steve Hil-
Hard of the University of Georgia Cell
Analysis Facility, who verified the ploidy
Status of our experimental fish. Funding for
this project was provided through Federal
Aid in Sport Fish Restoration under Puerto
Rico DNER Projects F-16 and F-41-2,
through MNorth Carolina Agriculiural Re-
search Service Project 06270, and through
the Professional Association of Diving In-
structors (PADI).

Literature Cited

Allen. 5. K., Jr. 1983, Flow CYIDIMETY: assaving ax-
pecimental polvpleid fish ang shellfish. Aquacul-
ture 33:117-328.

Allen, S, K. Jr. and J. G, Stanley. (978, Reproduc-
tive sterility in polyplaid hrook mour Sedvelinur
Soriinalis. Transuctions of the American Fisheries
Society 107-473-478.

Benfey, T. 1. and A. M. Suiteriin. 1984, The hae-
matology of wipleid landlocked Adantic salmor,
Seime sadar (L.). Journal of Fish Biology 24:3335-
338,

Benfey, T. I.. A. M. Sutterlin, and R, J. Thompson,
1984, Use of erythrocyie mensuremencs 1o ien-
tily wiploid sabmuonids. Canadien Journal of Fish-
erics and Ageate Sciences 41 980=934,

Boron, A. 1894, Use of eryihircyie mensurements
detect natural mplaids of spined loach Cobirls tae-
ata (L.}, Cyobios T8 107-203.

Brown, L. A, and R. J. Roberts. |95, Production of
newtered  salmonids. Comparaiive Biochemisiry
and Physialogy T3B:177-130,

Bye, ¥. I. and R. F. Lincoin. |9%s Commersial
methods for the control of sexual maturation in
THINBOW trout { Safkto earrdinerf R.). Aquaculiure
37299308,

Cassanl, . R, 1990, A new method for surly plaidy
evaluation of grass carp Jurvae. Progressive Fish-
Cuiburist 32:207-210.

Cassani, J. B and W, E, Caton. 986, Erticient pro-
dection of rinloid gross carp { Clengpharm godon
wedelfa) atilizing hydroswaric Pressure, Adquacy| s
35:43=30).

Chrisman, C. L., W, . Wolters, and G. 5, Libey.
L983. Thploidy in channel camish. Journal of the
Warld Mariculure Sociery 14:2709-3973,

Cimino, ¥, C, 1973, Karyorypes and erythrocyre siz.
es of some diplaid and inploid Ashes of the TEn s
Paeciliopsis. Journal Fisherias Reseurch Board of
Canada 30:1736~ | 737,

Donaldson, E. ML and . A, Hunter. |987, Sy Lon-
ool in fish with particular refersnce 1 salmionids,
Canadian Journal of Fisheres and AQuatic Sii-
ences 39:90- 10,

Dunham, R, A, |99, Production and use of monosax
ar sterile fishes in aquaculiure. Reviews in Agquat-
i Syiences 2 =17,

Fange, R. 1992, Fish bload cells. Puges 1-34d n W 5.
Haar, D. 1, Randall, and A, P Furrel], cditars, Fish
physiology, volume |2, pan B, Avadamic Pregy,
San Diego, California. USA,

Garcia-Abfado, M., A. R, K, Dabrowski, J. F,
Christensen, S, Czesny, and P. Dajer. 1999 U
of erythrocyte measurements 19 weniify riploid
Saugeyes. North American Jourmal of Aguaculwre
61:319=-325,

Garrett, G. P, M. C. F. Birkner. and J- R, Gold.
1583, Triploidy induction in largemouth suss. M-
crapteras saimaides, Tovmal of Applied Agquacul-
mre [:27-34.

Harrell. R. M., W. Van Heukelem, and J- H. Kerby.
1998, A comparison of miploid induction valida-
tion techniques, Progressive Flsh-Cullurise S0
231226,

Ihssen, P. E. L. B. MeKay, L MeMillan, and R B,
Phillips. 1990. Ploidy manipulurion and gvnogen-
€318 In fishes: cytogenstic and dsheries upplica-
tans. Trunsactions of the American Fisheries 5o
ciety | 96008717,

Johnson, O, W_ P. R, Rabinavich, und F. M. Utter,
1984, Camparisen ol the reliubility of a Coulier®
couner with o low cytomeser in deermining plai-
dy lavels in Pucific salmon, Aguaculiure 43:99-
103

Kerhy, J. H. and R. M. Harrell. 1900, Hyoridization,
genedc manipulution. and gens pool conservation
of sriped bass. Pages [59-100 i R M. Harrzll
L H. Kerby. and B, V. Minton. editors. Culmuea
and propugation of steped bass and iy Eyvbrids,
American Fisheries Suciety. Southern Division,
Sinped Bass Commires, Bethesda, Mlary lund.
U5a,

Parsans, G, H. and K, Megls, 1997, Comparison af
tripivid hybrid crappie und diploid white crappis
in experimental punds. Marth American Joumnal of
Fisheries Munagemeant | 7.803-506.

Phillips, R, B., Z. D. Lajicek, P. K. Thssen, and 0.
Johnson, 1986, Applicution af silver staimng o
the identification of mipleid fish cells, Aquaculfure
24:313-3 14,

Purdom, C, E. 1976, Genetic techriques of Aacish
culturz. Jowmal of the Fisheries Research Board
of Canada 33: 108 8=1003,

Purdom, C. E. 1943, Generic engineering by the mu-
nipulation of chromosomes, Aguacullure 33:257—
30,

Refstie, T. 1982, Procucal appiication of sex manip-
ulation. Pages T3-77 in C. 1. J. Richter and H. J.
T. Goos, compilers. Provesdings of the imernu-
Honal sympesium on reproductive physiology of
fish. Wageningen, The Mether|ands.

Sl'll}“'f J. R. 1975, I"{Gll‘l‘l‘:‘r}' propagniion af black bass-



MEAL ET AL,

&s. Pages 344-356 in H. Clepper. editor. Black
bass biology and management. Sport Fishing ln-
stuute, Washington, D.E., USA,

Stanley, J. G. [981. Manipulation of developmental
events 0 produce monosex und sterile fish. Ra-
ports et Proces-Verbaux des Réunions. Conseil In-
ternational pour 1'Exploration de 1a Mer | 78:485—
4491,

Strissmann, C. A., N. B. Chean, F. Takushima, and
T. Oshiro. 1993, Triplaidy induction in an an-
theririd fish, ine pejerrey (Odomenher ponaries-
is}. The Progressive Fish-Culiurist 55:83-89,

Tamhbets, J., T. Paaver, A. Palm, A. Piklak, and B.
Gross, L1981, Vasiability of some cell parameters
in di- and wriploid rainbow wout Oncarimchur
mykiss, R. Eesti Teaduste Akadeemia Toimensed
Bwloogia 40:129-135,

Thorgaard, G. H, 1983, Chromosome sel rmanipuli-
tion and sex control in fish. Pages 405-434 in W,
5. Hoar, T, J. Randall, and E, M. Donaldson. ad-

itors. Fish phymology, valume 9, part B. Academ-
ic Press, New York, USA.

Thorgaard, G. H. and 5. K. Allen, 1967, Chromo-
some manipulation and markers in fisheries man-
agement. Pages 119-33] in M. Ryman and F Ut-
ter, editars. Papulation genetics and fisheries man-
agement. University of Washington Press, Seale,
Washington, USA,

Valenti, R. 1. 1975, Inducad polyploidy in Tlapia au-
reg {Steindachner) by means of lemperamure shock
trestment. Journal of Fish Biology 7:319-528,

Wallendord, . J. 1986. Rapid identification of trip-
lond grass carp with @ Counter counter amd chan-
netyzes Progressive Fish-Culmaris: 48:125-1372,

Waolters, W. R., G. 5. Libey, and C. L. Chrisman.
1982, Effect of wiploidy an grawth and gonad de-
velapment of channel carfish, Transactions of the
American Fisheries Sociery 111:102-105,

Yamazaki. F. 1983, Sex control and manipulation in
fish. Aguaculore 33:330_354,



