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Abstract

The effect of semi-synthetic steroid trenbolone acetate (TBA) on the ornamental fish Poecilia reticulata (Quppy) was studied. The
steroid at a dose of 300 mg/kg feed was administered to 30 days old juvenile specimens during 60 days. Forty days after treat-
ment was ended, an evaluation aimed to determine the steroid residual effect was undertaken. Survival, masculinization ratio
and the drug anabolic effect were analyzed. Results showed TBA to be effective to induce masculinization, differing (P < 0.001)
with the control group, which registered 32% males and 68% females. TBA turned out to be an excellent anabolic as well, since
treated fish showed weight increase, a larger body and an increased size of caudal fin. The steroid did not cause any damage on
the treated population. The survival factor was 93.3% for the treated fish as compared to 83% for the control group.
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Resumen

Se investigo el efecto del esteroide semisintético acetato de trembolona (ATB) en el pez de ornato Poecilia reticulata (Quppy).
Especimenes juveniles de 30 dias de edad fueron tratados con el esteroide a dosis de 300 mg/kg de alimento durante 60 dias. Al
término del tratamiento, 40 dias después, se estimo el efecto residual del esteroide. Se analizo la sobrevivencia, la proporcion de
peces masculinizados, asi como el efecto anabélico. Los resultados indicaron que el ATB es eficaz para inducir la masculinizacion,
a diferencia del grupo testigo, donde se registraron 32% de machos. Asimismo, el ATB tuvo un efecto anabdlico, ya que los peces
tratados mostraron mayor peso y talla e incremento de la aleta caudal. El esteroide no causé dafio en la poblacién tratada, al
sobrevivir 93.3% de los peces, comparado con 83% del grupo testigo.

Palabras clave: ESTEROIDE ANABOLICO, PEZ ORNAMENTAL, GUPPY, POECILIA RETICULATA, MASCULINIZA-
CION.
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Introduction

he guppy (Poecilia reticulata) is one of the most

appreciated ornamental fish for its morpho-

logical traits, reproduction and easy manage-
ment, as well as for not requiring vast areas for its
culture and for its relative low production cost, in rela-
tion to culture of other fishes.'

The guppy commercial production in controlled
spaces has allowed the creation of an industry whose
profits reach several million dollars.>* In some coun-
tries, such as Singapore, intensive aquaculture proj-
ects have been developed, where the guppy has been
the main culture fish, for its production volume and
amount of currency which generates.*

Sex reversal is used to investigate mechanisms
related with sex determination and gonad differentia-
tion in fishes.”” At the same time, it is a useful tool for
increasing benefits derived from aquaculture, since
monosexual populations provide traits which increase
productivity.”

In the guppy, males develop more flashy secondary
sexual traits than females, which makes them more
valued than females;*” therefore, a production strat-
egy would be to induce fish into male sex.'

For some time, the use of steroids has been known
to modify sex in ornamental fish. In particular, guppy
has been masculinized by the use of 170-methyltestos-
terone steroid,’*®'? 11-ketotestosterone'® and andro-
stenedione."

On its own, trenbolone acetate (TBA) has been
applied as masculinizing agent with an effectiveness
greater than 90% in channel catfish (Ietalurus punc-
tatus),"™"® blue tilapia (Oreochromis aureus)'” and Nile
tilapia (Oreochromis niloticus)."® In these studies there
are no reports in relation to any anabolic activity
induced by the steroid.

TBA is a synthetic steroid with hormonal activ-
ity similar to testosterone, but with a major anabolic
activity and it has been successfully used in poul-
try, bovine, porcine and livestock. It is considered an
anabolic sexual hormone according to Hoffman and
Evers.”

The objective of the present study was to deter-
mine the anabolic and androgenic effect of trenbo-
lone acetate in juvenile specimens of Poecilia reticulata,
as strategy to add major economical and income value
to its culture.

Material and methods
Guppy juvenile specimens, king cobra variety, from 30

+ 1 day of age obtained under laboratory conditions
were used; they were maintained in three aquariums
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Introduccion

1 guppy (Poecilia reticulata) es uno de los peces

de ornato mas apreciado por sus caracteristi-

cas morfologicas, reproduccion y facil manejo,
asi como por no requerir de extensiones grandes de
terreno para su cultivo y porque su costo de produc-
cion es relativamente bajo, con respecto al cultivo de
otros peces.'

La producciéon comercial del guppy en espacios
controlados ha permitido la creacion de una indus-
tria cuyas ganancias ascienden a varios millones de
délares anuales.>” En algunos paises, como Singapur,
se han desarrollado proyectos de acuicultura inten-
siva; ahi el guppy es el principal pez de cultivo, por el
volumen de produccién y la cantidad de divisas que
genera.!

La inversion sexual es utilizada para investigar los
mecanismos relacionados con la determinaciéon del
sexo y diferenciacion de las génadas en peces.”” Al
mismo tiempo, es una herramienta 1til para aumen-
tar los beneficios derivados de la acuicultura, ya que
las poblaciones monosexuales proveen caracteristicas
que incrementan la productividad.”

En el guppy, los machos desarrollan caracteres
sexuales secundarios mas llamativos que las hembras,
lo que los cotiza mejor que éstas;*’ por tanto, una
estrategia de produccion sera inducir los peces al sexo
masculino.'

Desde hace tiempo se conoce el empleo de esteroi-
des para modificar el sexo en los peces de ornato. En
particular, el guppy ha sido masculinizado por el uso
del esteroide 17 a-metiltestosterona,”’"'* 11-cetotestos-
terona'"’ y androstendiona."

Por su parte, el acetato de trembolona (ATB) se
ha aplicado como agente masculinizante con eficacia
mayor de 90% en el bagre de canal (Ictalurus puncta-
tus),'™" tilapia azul (Oreochromis aureus)' y tilapia del
Nilo (Oreochromis niloticus)."® En estos trabajos no exis-
ten informes respecto de alguna actividad anabdlica
inducida por el esteroide.

El ATB es un esteroide sintético con actividad hor-
monal similar a la testosterona, pero con mayor activi-
dad anabélica" y se ha empleado con éxito en forma
comercial en las industrias avicola, bovina, porcina y
pecuaria. Se le considera como hormona sexual ana-
bélica, segtiin Hoffman y Evers.*

El objetivo del presente trabajo fue evaluar el
efecto anabdlico y androgénico del acetato de trem-
bolona en especimenes juveniles de Poecilia reticulata,
como estrategia para agregarle mayor valor econo6-
mico y rentabilidad a su cultivo.



of 40 L, at 25 + 1°C, with saturation oxygen concentra-
tion of 6.6 mg/L and pH of 7.0 + 0.5.

The experiment consisted of a completely random-
ized design based on two experimental groups, with or
without steroid, each treatment was done by triplicate
with 45 fish, corresponding 15 per aquarium. TBA at
300 mg/kg of commercial food was used, incorpo-
rated by alcohol evaporation.”’ Feed preparation of
the control group was done with the same procedure
(including alcohol), but without the steroid.

The experiment lasted 100 days and it was done
in two periods: in the first one, fish were subjected to
TBA administration for 60 days, and the second one,
in order to determine the residual effect, they were
fed for 40 days with free steroid food.

Each week, morphometric parameters were
recorded: total body length (BL), measuring from the
start of the mouth to the base of the caudal fin: caudal
fin length (CFL), from the base of the caudal fin to its
end; height (H), from the anal fin to the base of the
dorsal fin, and weight (W). The length measurements
were made with a vernier** (+ 0.01 cm) and weight
with a digital scale *** (£ 0.001 g). Sex was determined
at the end of the first period by anal fin recognition,
modified in males as gonopodium.*

The effectiveness of TBA was determined for each
of the experimental periods with the following indi-
cators: @) survival, b) masculinization, ¢) fish growth,
estimated at two levels: punctually, with BL, CFL, H
and W; according to functions: specific growth rate:
(SGR = final weight — initial weight/time x 100), and
caudal fin proportion in relation to body length
(CFPBL).

Statistical analysis

To estimate the differences between sex proportion,
a chi square with Yates correction was done.” The
survival records for each of the treatment repetitions
were transformed into an arcsine function for bino-
mial data expressed as fractions,?* next a two factor
(experimental and period groups) analysis of variance
was applied. Growth was analyzed in the following
way: Bartlett’s test was used to prove the homogeneity
of the variances of: BL,, CFL, H, W, SGR and CFPBL;
if resulting significant (P < 0.05), a logarithm trans-
formation was done, later an analysis of variance was
performed to determine differences between groups,
if resulting significant (P < 0.05), it was estimated
between which groups by Tukey test.** Finally, to
determine the growth of the fish while passing from
the first to the second experimental period, the incre-
ment, in percentage, of each variable was estimated
and afterwards the same procedure for the growth
variables was performed.

Material y métodos

Se emplearon especimenes juveniles de guppy, varie-
dad king cobra, de 30 + 1 dias de edad, que fueron
obtenidos en condiciones de laboratorio; se les man-
tuvo en tres acuarios de 40 L, a 25 + 1°C, con concen-
tracién de oxigeno a saturacion de 6.6 mg/Ly pH de
7.0 £ 0.5.

El experimento consistié en un diseno completa-
mente aleatorio con base en dos grupos experimen-
tales, con y sin esteroide; cada tratamiento se realizé
por triplicado con 45 peces, correspondiendo 15 por
acuario. Se utiliz6 ATB a 300 mg/kg de alimento
comercial,* que fue incorporado mediante evapora-
cién de alcohol.”! La preparacion del alimento del
grupo testigo se realiz6 con el mismo procedimiento
(incluyendo el alcohol), pero sin el esteroide.

La duracién del experimento fue de 100 dias y
se realiz6 en dos periodos: en el primero, los peces
fueron sometidos durante 60 dias a la aplicacion del
ATB, y en el segundo, para evaluar el efecto residual,
fueron alimentados durante 40 dias con alimento
libre de esteroide.

Cada semana se registraron los parametros mor-
fométricos: longitud total del cuerpo (LC), midiendo
desde el inicio de 1a boca a la base de la aleta caudal;
longitud de la aleta caudal (LAC), de la base de la
aleta caudal hasta su terminacion; altura (A), de la
aleta anal hasta la base de la aleta dorsal y peso (P).
Las mediciones en longitud se realizaron con un ver-
nier** (+ 0.01 cm) y el peso con una balanza digital***
(= 0.001 g). El sexo se determiné al finalizar el primer
periodo mediante el reconocimiento de la aleta anal,
modificada en los machos como gonopodio.*

La eficacia del ATB se determiné para cada uno
de los periodos experimentales con los indicadores
siguientes: a) sobrevivencia, ) masculinizacion, c)
crecimiento de los peces, estimado a dos niveles: en
forma puntual, con LC, LAC, Ay P; de acuerdo con
las funciones: tasa especifica de crecimiento: (TEC =
In peso final — In peso inicial /tiempo x 100), y propor-
cion de la aleta caudal en relaciéon con la longitud del
cuerpo (PACLC).

Anadlisis estadistico

Para estimar las diferencias entre la proporcién de
sexos, se realiz6 una prueba de Ji cuadrada con la
correccion de Yates.” Los registros de sobrevivencia
para cada una de las repeticiones de los tratamientos
fueron transformados a una funcién arcoseno para
datos binomiales expresados como fracciones,* a con-

*Wardley®, Estados Unidos de América.
**Scala, Estados Unidos de América.
***Mettler, China.
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Results

At the end of the first period of evaluation, TBA was
effective to induce masculinization of the guppy,
contrasting with the sex proportion of fish from the
control group. Chi square test indicated significant
differences in male proportion between the control
group and the treated fish (P < 0.001). Survival of
91.2% which was higher than the one of fish that did
not received the steroid (82.2%), showed that TBA
did not affect the treated fish, the analysis of variance
indicated that there are no significant differences (P
> 0.05) due to treatment, experimental period, nor
treatment-experimental period interaction.

Results of the second period showed presence of
32% of intersexual fish, from the total of masculin-
ized fish in the first period, since secondary sexual
traits of both sexes were recorded; consequently, male
proportion decreased (P < 0.01); this condition was
not seen in treated fish, since survival stayed the same.
While the control group had a slight drop in survival
(75.6%), but did not differ significantly (P > 0.05) in
relation to the first period registry.

Table 1 describes the steroid effect on the growth
of guppy during both experimental periods, in the
first one it is noted that TBA manifested its anabolic
activity recording superior values in masculinized fish
than in control group males, standing out SGR and
CFPBL, the difference was 84.6% and 74.4%, respec-
tively.

The analysis of variance determined significant
differences (P < 0.01) in all variables, being control
group female values superior than the ones of males
from the same experimental group and than the
ones of treated fish with TBA. Tukey test showed that
females differ (P < 0.03) in all the analyzed variables,
with exception (P > 0.05) of CFPBL of control group
males and CFL of masculinized males. While the dif-
ferences (P < 0.05) among males of both treatments
limit to CFL, CFPBL and mostly, SGR.

In the second period masculinized males continued
growing, but not at the same rate as in the first period,
while the control group males had an outstanding
growth by recording similar values to the females of
the same experimental group, and in contrast to the
first period, the SGR was similar in the three experi-
mental groups. The analysis of variance determined
differences (P < 0.05) only in the four morphometric
variables, indicating that there were no differences in
the Tukey test (P > 0.05) between males and females
of the control group, but both differed (P < 0.05) with
treated males with TBA, with exception (P > 0.05) of
the control group males’ weight.

Figure 1 shows the increment, in percentage, of
the growth fish variables passing from the first to
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tinuacion se aplicé un analisis de varianza de dos fac-
tores (grupos experimental y periodo). El crecimiento
se analizo de la siguiente forma: se utiliz6 la prueba de
Bartlett para probar la homogeneidad de las varianzas
de: LC, LAC, A, P, TECy PACLC; de resultar significa-
tiva (P < 0.05), se realizaba una transformacién loga-
ritmica, posteriormente se les aplicaba un analisis de
varianza para estimar diferencias entre los grupos, de
resultar significativa (P < 0.05), se determinaba entre
qué grupos por la prueba de Tukey.** Por tltimo, para
estimar el crecimiento de los peces al pasar del pri-
mero al segundo periodo experimental, se evaluo el
incremento, en porcentaje, de cada variable y poste-
riormente se les aplic6 el mismo procedimiento para
las variables de crecimiento.

Resultados

Al finalizar el primer periodo de evaluacion, el ATB
fue eficaz para inducir la masculinizacién del guppy,
contrastando con la proporcién de sexos de los peces
del grupo testigo. La prueba de Ji cuadrada indico
diferencias significativas en la proporcién de machos
entre el grupo testigo y los peces tratados (P < 0.001).
El ATB no afect6 a los peces tratados al registrarse
sobrevivencia de 91.2%, que fue mayor a la de los
peces que no recibieron el esteroide (82.2%), el andli-
sis de varianza indicé que no existian diferencias sig-
nificativas (P < 0.05) debido al tratamiento, al periodo
experimental ni a la interaccién tratamiento-periodo
experimental.

Los resultados del segundo periodo indicaron
presencia de 32% de peces intersexuales, del total de
peces masculinizados en el primer periodo, al regis-
trarse caracteristicas sexuales secundarias de ambos
sexos; como consecuencia, disminuy6 la proporcién
de machos (P < 0.01); esta situaciéon no repercutié
en los peces tratados al mantener la misma sobrevi-
vencia. Mientras que el grupo testigo tuvo un ligero
descenso de la sobrevivencia (75.6%), pero no difiri6
significativamente (P < 0.05) con respecto al registro
del primer periodo.

En el Cuadro 1 se describe el efecto del esteroide
sobre el crecimiento del guppy en los dos periodos
experimentales, en el primero se advierte que el ATB
manifestoé su actividad anabdlica al registrarse valo-
res superiores en los peces masculinizados que en los
machos del grupo testigo, sobresaliendo la TEC y la
PACLG, la diferencia fue de 84.6% y 74.4%, respecti-
vamente.

El analisis de varianza determiné diferencias sig-
nificativas (P < 0.01) en todas las variables, siendo los
valores de las hembras del grupo testigo superiores a
la de los machos del mismo grupo experimental y al de
los tratados con ATB. La prueba de Tukey indic6 que



the second periods, with exception of weight which
was the variable with greater growth by recording an
increment of 245 and 87% for control group males
and masculinized, respectively; while control group
females had 65.3%. The rest of the variables showed
that control group males were the ones with the
greater growth, with the exception of CFL of the mas-
culinized males. Also, in this last treatment decreases
in CFPBL and in SGR, as well as females in this last
variable were recorded.

The analysis of variance, for growth increment,
determined differences (P < 0.03)in all variables, indi-
cating, in Tukey test, that control group males and
masculinized differed (P < 0.01) in all variables, with
exception of CFL (P > 0.05). The contrast between
males and females of the control group shows a similar
pattern, while differing (P < 0.01) in all variables, with
the exception of CFPBL (P > 0.05). While masculin-
ized males and females from the control group differ

(P <0.01) in CFL, CFPBL and SGR.
Discussion

According to Reznick,? manifestation of the attributes
of P. reticulata are a casual relation or an energetic
trade, thus the increment of one of the life cycle com-
ponents is in inverse proportion to the drop of other,

las hembras difieren (P < 0.03) en todas las variables
analizadas, con excepcion (P > 0.05) de la PACLC de
los machos del grupo testigo y la LAC de los machos
masculinizados. Mientras que las diferencias (P <
0.05) entre los machos de ambos tratamientos se limi-
tan a la LAC, PACLCy, sobre todo,a la TEC.

En el segundo periodo los machos masculiniza-
dos continuaron creciendo, pero no en la misma pro-
porcioén que en el primer periodo, mientras que los
machos del grupo testigo tuvieron crecimiento sobre-
saliente al registrar valores similares a las hembras del
mismo grupo experimental y, a diferencia del primer
periodo, la TEC fue similar en los tres grupos expe-
rimentales. El analisis de varianza determiné dife-
rencias (P < 0.05) tinicamente en las cuatro variables
morfométricas, indicando la prueba de Tukey que
no habia diferencias (P > 0.05) entre los machos y las
hembras del grupo testigo, pero ambos diferian (P <
0.05) con los machos tratados con ATB, con excepcion
(P >0.05) del peso de los machos del grupo testigo.

En la Figura 1 se muestra el incremento, en por-
centaje, de las variables del crecimiento de los peces
al pasar del primero al segundo periodos, con excep-
cion del peso, que fue la variable con mayor creci-
miento al registrar un incremento de 245y 87% para
los machos del grupo testigo y los masculinizados, res-
pectivamente; mientras las hembras del grupo testigo

Cuadro 1

INDICADORES DEL CRECIMIENTO DE Poecilia reticulata DEBIDO A LA APLICACION DEL ACETATO
DE TREMBOLONA PROMEDIO + DESVIACION ESTANDAR
GROWTH INDICATORS OF Poecilia reticulata DUE TO THE ADMINISTRATION OF
TRENBOLONE ACETATE AVERAGE + STANDARD ERROR

Treatments Control Treatment
? 3 3

Variables 60 days
Body length (mm) 17.19 +3.79° 12.45 +0.90° 13.50 + 1.56"
Caudal fin length (mm) 6.64 + 1.64° 5.55+0.85° 6.76 £ 1.29%
Height (mm) 3.94+0.95" 2.79 +0.38° 3.19 + 0.49°
Weight (mg) 14.49 + 7.16° 549+ 1.01° 7.61+2.53"
Caudal fin proportion in relation to the body (mm) 2.67 +0.60° 2.46 +0.65° 429 +0.53°
Specific rate of growth (p.100/day) 0.028+ 0.700* 0.013 = 0.003° 0.024 +0.006°

100 days

Body length (mm) 19.43 £2.72° 19.31+231° 16,12 +2.25°
Caudal fin length (mm) 8.34 + 1.88" 8.10+ 1.77° 10.23 +1.45°
Height (mm) 5.00 + 0.80° 5.17+0.75" 4.10+0.67°
Weight (mg) 23.95+10.14° 18.92 + 4.4% 14.23 +4.85°
Caudal fin proportion in relation to the body (mm) 3.92 +0.43" 3.75 +0.25° 3.96 +0.33"
Specific growth rate (p.100/day) 0.022 +0.004* 0.020 + 0.003* 0.021 +0.003*

No significant differences between same letters (P> 0.05), significant differences between different letters (P < 0.05)
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90 Control: E=] Females
Treated: [ TBA

I Males

Increment (%)

BL CFL H CFPBL SGR

such is the case of the growth and reproduction bal-
ance and this last in relation to survival. From this
point of view, to establish the best TBA application
strategy in the guppy its biological cycle would have
to be known, above all the age at which it initiates
its sexual activity, to associated with the growth pat-
tern and impact caused by the steroid treatment. The
result must guarantee the masculinization success,
and desired shape and size.

The aforementioned has sense when considering
that the available information is scarce; therefore, it
is difficult to compare results here described to the
ones obtained by other authors. For that reason, it was
necessary to consider previous experiences,* which
indicate that when the 2 + 1 day old guppy is treated
with TBA at the same concentration and period used
in this study, 100% of masculinization and 84.4% of
survival is obtained, but the body and caudal fin size
is much smaller (P < 0.001) than fish treated at 30 +
1 days. Nevertheless, after 100 days the percentage of
intersexual fish is 5.26% for treatment with juvenile
fish, while 38% was obtained in this study. From this,
it is concluded that the administration of TBA in older
fish is determinant for increasing survival and size of
fish, with the inconvenience to increase the intersex
fish proportion.

In relation to age, the guppy has a short biologi-
cal cycle that is characterized by beginning its sexual
activity between the fourth and fifth week of age* and
it is related with growth,” which takes place in three
stages: the first one is mainly manifested in the body;
in the second, growth is seen in the caudal fin; in the
third one, development is present in the dorsal fin.
Even though longevity of the guppy is between 2.5 and
three years, the body only grows until the ninth month
of age, with a major rate during the first four; in that
period of time the fish will have 70% of its maximum
size. While the caudal fin in males, at four months
will have reached a third part of its total length and
at nine months will reach 90%, although it frequently
reaches the same length as the body.”’

This last shows that when the experiment was initi-
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Figura 1: Crecimiento de los peces al pasar del primer periodo al
segundo

Figure 1: Growth of fish while passing from the first to the second
period.

tuvieron 65.3%. El resto de las variables muestran que
los machos del grupo testigo fueron los que tuvieron
mayor crecimiento, con excepcion de la LAC de los
machos masculinizados. Incluso, en este ultimo tra-
tamiento se registraron decrementos en la PACLC y
en la TEC, al igual que las hembras en esta ultima
variable.

El anadlisis de varianza, para los incrementos del
crecimiento, determiné diferencias (P < 0.03) en
todas las variables, indicando la prueba de Tukey que
los machos del grupo testigo y los masculinizados dife-
rian (P < 0.01) en todas las variables, a excepcion de
la LAC (P > 0.05). EI contraste entre los machos y las
hembras del grupo testigo muestra un patrén similar,
al diferir (P < 0.01) en todas las variables, a excepcién
de la PACLC (P > 0.05). Mientras que los machos mas-
culinizados y las hembras del grupo testigo difieren
(P <0.01) en LAC, PACLCy TEC.

Discusion

De acuerdo con Reznick,” la manifestacion de los
atributos de P, reticulata son una relacion de causalidad
o un trueque energético, asi el aumento de uno de
los componentes del ciclo de vida estd en proporcién
inversa al decremento de otro, tal es el caso del balance
crecimiento y reproduccién y este ultimo en relaciéon
con la sobrevivencia. Desde esta perspectiva, para
establecer la mejor estrategia de aplicacion del ATB
en el guppy se tendria que conocer su ciclo biolégico,
sobre todo la edad en que inicia su actividad sexual,
para asociarla con el patrén de crecimiento e impacto
ocasionado por el tratamiento con el esteroide. El
resultado debe garantizar el éxito de lamasculinizacion,
la forma y el tamano deseado.

Lo anterior tiene sentido al considerar que la
informacién disponible es escasa, por lo que es
dificil comparar los resultados aqui descritos con los
obtenidos por otros autores. Por tal razén, fue necesario
considerar experiencias previamente obtenidas¥,
que indican que cuando el guppy de 2 + 1 dias de
edad es tratado con ATB a la misma concentracién y



ated, 30 = 1 day old fish were sexually differentiated
and were in sexual maturation process when they were
treated with TBA during 60 days. At the end of the
period, fish were 90 = 1 day old, which corresponds to
a commercial production cycle.

Results of the first period showed that masculi-
nized fish with TBA grew more than control group
males, while recording superior values in all growth
variables, most of all the specific growth rate which
registered a difference of 84.6%. It is probable that
muscular mass increment caused failure in gonad
development, provoking sterilization of treated fish.
In this manner, organisms spent energy in growing at
the expense of gonads maturation.

In summary, fish treated with TBA had a mas-
culinization effectiveness of 100%, while not being
administered, 68% would have been females; they
were not harmed while recording 100% survival; they
reached a superior size earlier than the control group
males and their morphometric registries are compa-
rable to the ones of males cultivated in commercial
ponds, with the difference that the steroid high-
lighted the color of masculinized males and modi-
fied the shape while making them fusiform; inclusive
more aesthetic, presenting a small body with a large
caudal fin, in relation to the proportion recorded by
control group males.

It is doubtless that TBA had androgenic and ana-
bolic activity in the guppy. It is convenient to notice
that this combination of effects has not been reported,
even though TBA constitutes an androgenic steroid
the same as testosterone, but with a superior anabolic
capacity.“”w'

At the end of the second period, fish were 130
1 days old and control group females were sexually
mature, it is probable that this stimulus had an effect
on males, which were sharing the same aquariums,
presenting greater growth than masculinized fish,
but with morphometric parameters similar to the
ones of females.

The analysis of growth increment in percentage,
unquestionably showed how masculinized fish and
control group females kept growing, but not at the
same rate that in the first period; on the contrary, the
control group males showed greater growth, specially
in weight. Analyzing only the information of masculi-
nized males, the length of the caudal fin was the only
variable that kept growing, but not in proportion, in
relation to the body length and much less, the specific
growth rate, which presented a drop.

Other relevant aspect at the end of the evaluation
is the presence of 32% of intersexual fish, which shows
that the residual effect of TBA was reflected in the sec-
ondary sexual traits, since the obtained masculiniza-
tion at 60 days was not permanent, and indicates that

periodo que se utilizé en este trabajo, se obtiene 100%
de masculinizacién y supervivencia de 84.4%, pero
el tamano del cuerpo y de la aleta caudal es mucho
menor (P < 0.001) que cuando los peces son tratados
alos 30 + 1 dias. Sin embargo, después de 100 dias el
porcentaje de peces intersexuales es de 5.26% para el
tratamiento con peces juveniles, mientras que en esta
investigacion se obtuvo 38%. De lo anterior se deduce
que una mayor edad del pez para administrarle el ATB
es determinante para aumentar la sobrevivencia y el
tamano de los peces, con el inconveniente de aumentar
la proporcion de peces intersexuales.

Con respecto a la edad, el guppy tiene un ciclo
biolégico corto que se caracteriza por el inicio de la
actividad sexual entre la cuarta o quinta semanas de
edad® y se encuentra ligado con el crecimiento,® que
se realiza en tres etapas: la primera se manifiesta en el
cuerpo principalmente; en la segunda, el crecimiento
se presenta en la aleta caudal; en la tercera, se centra
en el desarrollo de la aleta dorsal. A pesar de que la
longevidad del guppy es entre 2.5y tres anos, el cuerpo
crece solamente hasta los nueve meses de edad, con
mayor ritmo durante los cuatro primeros; en ese
lapso el pez habrd adquirido 70% de su talla médxima;
mientras que la aleta caudal a los cuatro meses, en
los machos, habra alcanzado una tercera parte de
su longitud total y a los nueve meses llegard a 90%,
aunque es frecuente que alcance una longitud igual a
la del cuerpo.”

Lo anterior, indica que cuando se inici6 el
experimento los peces de 30 = 1 dias estaban
diferenciados sexualmente yse encontraban en proceso
de maduraciéon sexual cuando fueron tratados con el
ATB durante 60 dias. Al finalizar el primer periodo, los
peces tenian 90 + 1 dia, que corresponde a un ciclo de
produccion comercial.

Los resultados del primer periodo indicaron que los
peces masculinizados con el ATB crecieron mas que los
machos del grupo testigo, al registrar valores superiores
en todas las variables del crecimiento, sobretodo la tasa
de crecimiento especifico que registré una diferencia
de 84.6%. Es probable que el incremento de la masa
muscular fuera en detrimento del desarrollo de las
gonadas y la consecuente esterilizacion de los peces
tratados. De esta manera, los organismos invirtieron
energia en el crecimiento y no en la maduraciéon de
las génadas.

En sintesis, los peces tratados con ATB tuvieron una
eficacia masculinizante de 100%, que de no haberse
aplicado, 68% hubiera sido hembras; no les causé
dano al registrar 100% de sobrevivencia; alcanzaron
un tamano superior al de los machos del grupo testigo
en menor tiempo y sus registros morfométricos

*Comunicaciéon personal, Samuel Maranén Herrera et al.,
2007
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the action range of these steroids is short, which is why
at the moment the administration was stopped, part of
the masculinized organisms manifested female traits,
which indicates that these fish continued to produce
estrogens. From the aforementioned it is deduced
that TBA is a chemical compound which its molecular
structure gives a less virile androgenic function than
testosterone, but with greater anabolic capacity.

From a commercial point of view, results show that
based on trenbolone acetate, a strategy may be sug-
gested to instrument monosexual populations of male
guppies, which could have economical impact in the
orientation of its culture, if it is considered that in
wild poeciliid populations it is common that females
predominate,® these show a more robust and opaque
body, while the males have a more slender and elon-
gated body, more intense color and caudal and dorsal
fins are larger.26 These differences determine the
male to be more appreciated; therefore, more valued
in the market.*

In the present document it was demonstrated that
the biological process can be directed by the use of
TBA to induce the sex of the fish and improve the
morphometric parameters of the guppy, besides its
use is not restricted because this type of organism is
not destined for human consumption.

A determinant aspect for practical use is how to
consider intersexual fish in an economical projection,
since the male and female have a differential cost. Nev-
ertheless, it is possible to consider intersexual fish as
a factor which adds value to commercial production,
since desirable scenario would be the obtainment of
a fish with flashy morphological traits of the males,
but with the corpulence of the females, in a maximum
time of 90 days.

In conclusion, trenbolone acetate steroid is a good
alternative for use in the guppy, with a masculiniz-
ing effectiveness of 100%, and its anabolic effect is
reflected in the increment of the growth rate and the
size of the caudal fin of the fish.
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que podria tener impacto econémico en la orientaciéon
de su cultivo, si se considera que en las poblaciones
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