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The increasing demand for male B. splendens in ornamental fish markets has driven the
need for effective and safer methods of sex control in aquaculture. While synthetic
hormones are widely used for masculinization, their potential environmental and health
risks have encouraged the exploration of natural alternatives. This study evaluated the
dose-dependent effects of bovine testis extract as a natural androgen source on sex ratio,
survival rate, and growth performance of B. splendens larvae. A completely randomized
design (CRD) was applied with four treatment dosages (0.04, 0.06, 0.08, and 0.10 mg/L),
each conducted in triplicate. Larvae were exposed to the treatment through immersion
for 24 hours and subsequently reared for 30 days under controlled conditions. The
proportion of male fish increased dose-dependently from 36.51% at 0.04 mg/L to 85.00%
at 0.10 mg/L, and Binomial Generalized Linear Model (GLM) analysis showed that
treatment dosage significantly affected male proportion (p < 0.05). In contrast, the
survival rate decreased with higher dosages, with the lowest value (54.17%) observed at
the highest treatment level, although the effect was not statistically significant (p > 0.05).
Specific growth rate (SGR) ranged from 3.37 to 4.18%/day and was also not significantly
affected by treatment (p > 0.05). The findings indicate a tendency toward a trade-off
between masculinization efficiency and survival performance, suggesting that higher
concentrations of bovine testis extract may influence larval survival during early
development. From a practical perspective, intermediate dosages may provide a more
balanced result by maintaining acceptable survival while achieving a favorable
proportion of males. These results demonstrate the potential of bovine testis extract as a
natural alternative to synthetic hormones, while highlighting the importance of dosage
optimization in aquaculture systems.

1. INTRODUCTION

higher proportion of males has become a critical objective in
ornamental fish aquaculture [3].

The ornamental fish industry has experienced rapid growth
over the past decade, driven by increasing global demand for
species with high aesthetic and economic value [1]. Among
these, B. splendens is one of the most commercially important
freshwater ornamental fish due to its vibrant coloration,
aggressive display behavior, and adaptability to culture
conditions. In commercial production systems, male
individuals are generally preferred because they exhibit more
attractive morphological characteristics, including brighter
coloration, longer fins, and higher market value compared to
females [2]. Consequently, controlling the sex ratio toward a
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Sex reversal techniques have been widely applied to
manipulate fish sex ratios, primarily through the
administration of synthetic androgenic hormones such as 17a.-
methyltestosterone. This compound has been extensively used
due to its effectiveness in promoting masculinization and
enhancing growth performance [4, 5]. Various delivery
methods, including oral administration, injection, and
immersion, have been reported to influence not only sex
differentiation but also physiological responses such as growth,
feed efficiency, and survival [6]. Despite its effectiveness, the
use of synthetic hormones has raised increasing concerns
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regarding environmental persistence, potential carcinogenic
effects, and food safety issues, particularly in sustainable
aquaculture systems [7, 8].

In response to these concerns, natural androgen sources
have been explored as safer alternatives for sex control in fish.
Bovine testis tissue, which is rich in endogenous testosterone,
has been identified as a potential natural agent for inducing
masculinization. Previous studies have demonstrated that
extracts or meals derived from bovine testes can effectively
increase the proportion of male fish in several species,
including guppy and tilapia, with comparable results to
synthetic hormones [9, 10]. The mechanism underlying this
effect is associated with the absorption of exogenous
testosterone during early developmental stages, which
influences gonadal differentiation by suppressing ovarian
development and promoting testicular formation [11].

However, while the masculinization potential of bovine
testis-derived treatments has been documented, most existing
studies focus primarily on achieving the highest percentage of
males without adequately considering the associated impacts
on survival and growth performance [12]. This limitation is
critical, as increasing androgen exposure may simultaneously
induce physiological stress, reduce survival rates, or alter
water quality through increased organic loading and ammonia
accumulation. From a production perspective, these
competing effects suggest the existence of a trade-off between
masculinization efficiency and overall culture performance.

Therefore, a more integrative evaluation is required to
determine the optimal dosage that balances these competing
outcomes. Understanding this trade-off is essential for
developing practical and sustainable aquaculture strategies
that maximize production efficiency while minimizing
negative impacts on fish health and rearing conditions. Despite
its importance, such optimization-based approaches remain
limited, particularly for B. splendens culture systems.

Based on this background, the present study aimed to
evaluate the dose-dependent effects of bovine testis extract on
sex ratio, survival rate, and growth performance of B.
splendens larvae. The immersion method was selected because
it is practical and effective during the larval stage, enabling
androgen absorption through the skin and gills while
minimizing handling stress. Larvae at 7 days post-hatching
were used because this period corresponds to the critical phase
of gonadal differentiation, during which exogenous androgens
can influence sexual development. Histological analysis was
performed because external sexual characteristics are not yet
clearly distinguishable at juvenile stages, making gonadal
histology the most reliable method for sex identification.
Furthermore, this study sought to identify an optimal treatment
range that balances masculinization success and culture
performance, thereby supporting more efficient and
environmentally responsible aquaculture practices.

2. MATERIALS AND METHODS
2.1 Experimental design and fish rearing

This study employed a completely randomized design
(CRD) consisting of four treatment levels of bovine testis
extract dosage: 0.04, 0.06, 0.08, and 0.10 mg/L, hereafter
referred to as treatments A, B, C, and D, respectively. Each
treatment was conducted in triplicate. B. splendens larvae
(average total length of 0.545 £ 0.02 cm and an average body
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weight of 0.036 + 0.005 g) at 7 days post-hatching were used
as experimental animals. A total of 8 larvac were stocked in
each aquarium unit. Larvae were reared under controlled
conditions for 30 days following treatment application.
Feeding and general maintenance procedures were conducted
uniformly across all experimental units to minimize variability
not associated with treatment effects.

2.2 Preparation of bovine testis extract

Fine bovine testis flour was subjected to solvent extraction
using hexane (1:3 w/v) for 24 h to obtain a crude androgen
extract. After filtration, the solvent extract was diluted into the
treatment water according to the designated concentrations
(0.04-0.10 mg/L). Thus, the experimental dosages referred to
concentrations of bovine testis extract applied in the
immersion media.

2.3 Preparation and application of bovine testis extract
treatment

Bovine testis extract was used as a natural androgen source.
The treatment was applied through an immersion method for
24 h, which has been reported as an effective exposure period
for inducing sex reversal in fish. Larvae were immersed in
treatment solutions according to their respective dosage levels
in 5 L aquaria containing 3 L of water, with a stocking density
of 8 larvae per aquarium. Continuous aeration was provided
during immersion to maintain dissolved oxygen (DO) levels
and ensure homogeneous dispersion of the extract. Water
temperature was maintained at 27-28 °C under a 12 h light:12
h dark photoperiod, and larvae were not fed during the
immersion period to avoid interference with androgen
absorption. After immersion, larvae were gently rinsed with
clean freshwater and transferred to rearing aquaria for 30 days
under controlled conditions. Fish were maintained with
continuous aeration and regular partial water exchange to
maintain water quality, and were fed commercial feed three
times daily according to larval requirements. All aquaria were
randomly positioned to minimize environmental bias among
treatments.

2.4 Histological analysis

Histological examination of gonadal tissue was conducted
to verify sex differentiation. Tissue preparation followed
standard histological procedures as described in published
methods [13, 14]. Briefly, samples were fixed in Bouin’s
solution to preserve tissue structure, followed by dehydration
through a graded ethanol series. The fixed tissues were
embedded in paraffin, sectioned using a microtome, and
mounted onto glass slides. Sections were then stained and
observed under a light microscope to identify gonadal
structures and confirm male or female differentiation based on
established morphological characteristics.

2.5 Sex ratio determination

The percentage of male fish was calculated at the end of the
experimental period using the following formula:

Male percentage (%) = (Number of male fish / Total

number of fish) x 100 (1)



Sex identification was based on gonadal observation
through histological analysis.

2.6 Survival rate

Survival rate (SR) was calculated according to published

methods [15] using the following equation:

SR (%) = (N: / Ny) x 100 2)

where, NV, = number of fish at the end of the experiment and Ny
= number of fish at the beginning of the experiment.

2.7 Specific growth rate

Specific growth rate (SGR) was calculated based on body
weight using the following formula [15]:
SGR (%/day) = [(In W, —In Wp) / t] x 100 3)
where, W, = final average body weight (g); Wy = initial average
body weight (g); and ¢ = duration of the experiment (days).

2.8 Water quality monitoring

Water quality parameters, including temperature, DO, and
pH, were monitored twice daily throughout the experiment
using a portable multiparameter meter (AZ 86031; AZ
Instrument Corp., Taichung City, Taiwan). To ensure
measurement accuracy and address previous concerns
regarding pH readings, the pH sensor was calibrated daily
using a three-point calibration method with standard buffer
solutions (pH 4.0, 7.0, and 10.0). Total ammonia nitrogen
(TAN) was measured weekly using a salicylate-based
commercial colorimetric test kit. Quality assurance and quality
control (QA/QC) were maintained through duplicate
measurements for each treatment and periodic instrument
recalibration according to the manufacturer’s instructions.

2.9 Statistical analysis

Sex ratio and survival data were analyzed using a Binomial
Generalized Linear Model (GLM) with a logit link function
because the response variables consisted of proportional
outcomes (male/female and survival/death). Treatment dosage
was included as a fixed factor, and each replicate aquarium
was treated as the experimental unit. When significant effects
were detected (p < 0.05), pairwise comparisons among
treatments were conducted using estimated marginal means.
SGR data were analyzed using one-way ANOVA.

3. RESULTS
3.1 The sex ratio

The percentage of male B. splendens increased with
increasing dosage of bovine testis extract. The highest
proportion of males was observed in treatment D (0.10 mg/L),
reaching 85%, followed by treatment C (0.08 mg/L) at 60%,
treatment B (0.06 mg/L) at 41.27%, and treatment A (0.04
mg/L) at 36.51%. Binomial GLM analysis showed that
treatment dosage significantly affected the male proportion of
Betta splendens larvae (p = 0.039). The highest male
proportion was observed in treatment D (0.10 mg/L), while
treatments A—C showed lower male proportions. Post hoc
pairwise comparisons based on estimated marginal means
showed that treatment D differed significantly from treatments
A and B, while treatment C exhibited intermediate values and
did not differ consistently from the other treatments. The
observed trend suggests a positive relationship between
increasing dosage of bovine testis extract and the proportion
of male fish. Histological observations presented in Figure 1
confirmed gonadal differentiation between male and female
fish following the experimental treatments. Raw count data for
surviving fish and sex identification in each replicate are
presented in Table 1.

3.2 Survival rate

The survival rate of B. splendens larvae tended to decrease
with increasing dosage of bovine testis extract (Table 1). The
highest survival values were observed in treatments A (0.04
mg/L) and B (0.06 mg/L), both reaching 79.167 £ 7.22%. A
moderate decline was recorded in treatment C (0.08 mg/L),
with a survival rate of 70.833 + 7.22%, whereas the lowest
survival was found in treatment D (0.10 mg/L), which
decreased to 54.17 = 7.22%.

Although statistical analysis using a Binomial GLM
indicated that treatment dosage did not significantly affect
larval survival (p = 0.184), the observed trend demonstrated a
progressive reduction in survival at higher extract
concentrations. This pattern suggests that increasing levels of
bovine testis extract may exert physiological stress on larvae,
potentially reducing their tolerance and overall viability during
the rearing period.

The reduction in survival at higher dosages may be
associated with excessive hormonal exposure during early
developmental stages. In the present study, treatment D (0.10
mg/L) showed the most pronounced decline in survival,
indicating that this concentration may approach the upper
tolerance limit for B. splendens larvae under the experimental
conditions.

Table 1. Effects of bovine testis extract dosage on sex ratio, survival rate (SR), and specific growth rate (SGR) of B. splendens

_ . .

Tr(f:l‘;'/'i‘;“t "“('Z‘ta]')gtiec‘t'gj)r g;’t S‘"(V'gm M("‘l')es Females (n) Male (%) Survival (%) Sdcg_(l)”’
A (0.04) 24 19 7 12 3651 £5.50° 791727220 337057
B (0.06) 24 19 8 11 412741375 79.17+7220 37440448
C (0.08) 24 17 10 7 60.00+ 1732 70.83+722% 417+ 1.04¢
D (0.10) 24 13 1 2 85.00+ 1323 541747228 418+ 1.048

Note: Values are presented as mean + standard deviation (SD) of three replicates. Initial (n) represents the total number of fish at the beginning of the experiment
(8 fish per aquarium x 3 replicates). Survivors, Males, and Females (n) represent cumulative raw counts across replicates for each treatment. Different superscript
letters within the Male (%) column indicate significant differences among treatments according to Binomial Generalized Linear Model (GLM) analysis (p <
0.05). Survival (%) and specific growth rate (SGR) did not differ significantly among treatments (p > 0.05).
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Figure 1. Histological structure of gonadal tissue in B. splendens. (A) Male gonad: (A1) spermatid, (A2) seminiferous tubules,
(B) female gonad: (B3) oocytes, (B4) follicular cell

Observed at 400x magnification

Despite the decreasing survival trend, all treatments
maintained survival rates above 50%, indicating that the
immersion treatments were still generally tolerated by the
larvae. Furthermore, the absence of significant differences
among treatments suggests that variability among replicates
remained relatively high, thereby reducing statistical
separation between treatment groups. The relationship
between bovine testis extract dosage and larval survival is
summarized in Table 1 and illustrated in Figure 2, which
demonstrates a gradual decline in survival with increasing
treatment dosage.

100.00

80.00

60,00 .

y =-396.67x + 99.1

40,00 R? = 0.5969

Survival Rate (%)

20,00

0.00

0.02 0.04 0.06 0.08

Treatment (Bovine Testis Flour Dosage, mg/L)

0.10 0.12

Figure 2. Dose-response relationship between bovine testis
extract dosage and survival rate of betta fish

3.3 Specific growth rate

The SGR showed a slight increasing trend with higher
treatment dosages (Table 1). The highest SGR value was
observed in treatment D (0.10 mg/L) at 4.18%/day, followed
by treatment C (0.08 mg/L) at 4.17%/day, treatment B (0.06
mg/L) at 3.74%/day, and treatment A (0.04 mg/L) at
3.37%/day. However, statistical analysis indicated that the
differences among treatments were not significant (p > 0.05),
suggesting that bovine testis extract dosage did not have a
statistically measurable effect on growth rate under the
conditions of this study.

3.4 Histological observations
Male gonads were characterized by the presence of

seminiferous tubules and spermatogenic cells, indicating
testicular development. In contrast, female gonads exhibited
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ovarian follicles containing oocytes surrounded by follicular
cells. These structural differences were clearly observed under
light microscopy (Figure 1), providing confirmation of sex
differentiation results obtained from the experimental
treatments.

3.5 Water quality parameters

Water quality parameters remained within measurable
ranges throughout the experimental period (Table 2), although
slight variations were observed among treatments.
Temperature ranged from 27.216-27.358 °C, while DO varied
between 7.754 and 7.904 mg/L. Water pH ranged from 6.58 +
0.12 to 6.82 + 0.11. These values were rechecked using
repeated measurements and calibration procedures,
confirming relatively acidic conditions throughout the
experimental period. Ammonia concentrations increased with
increasing bovine testis extract dosage, ranging from 0.06
mg/L in treatment A to 0.16 mg/L in treatment D. Mean
survival rates declined from 79.17% in treatments A and B to
54.17% in treatment D. Correlation analysis indicated that the
narrow pH variation among treatments was not clearly
associated with survival responses, whereas increasing
ammonia concentrations tended to coincide with lower
survival rates.

Table 2. Water quality parameters during the rearing of B.
splendens under different bovine testis extract dosages

Treatment Tem{):(l:' ;ture (n]l)g(/)L | pH A(l:nnngn/o]zl)la
?nfgo/i); 736002 00 OB E 00600
ey 3010 TS G eorsonn
il(:/ff 272950 T 600140000
?ngﬁ)o 72003 TP0E O E 600

Note: Values are presented as mean =+ standard deviation (SD). Temperature,
dissolved oxygen (DO), and pH were measured twice daily throughout the
30-day experimental period (n = 60 observations per treatment), while
ammonia was measured weekly (n = 4 observations per treatment). No
statistical analysis was applied to water quality parameters; values are
presented descriptively to support interpretation of biological responses.



4. DISCUSSIONS

The present study demonstrates a clear dose-dependent
effect of bovine testis extract on the masculinization of B.
splendens, where the highest percentage of males (85%) was
achieved at a dosage of 0.10 mg/L. This pattern indicates that
increasing the availability of exogenous androgen sources
enhances the probability of male differentiation during early
developmental stages. As illustrated in Figure 3, regression
analysis showed a positive relationship between dosage and
male percentage (y = 821.07x — 1.7813;R? = 0.7035) ,
indicating that treatment dosage accounted for approximately
70.35% of the variation in male proportion. Bovine testis
extract is known to contain endogenous testosterone, which
can be absorbed by fish larvae during immersion and
subsequently influence the hormonal balance regulating
gonadal differentiation [16]. An elevated androgen
concentration relative to estrogen is likely to suppress ovarian
development while promoting testicular formation, leading to
a higher proportion of males [17].

120.00

__ 100.00 °
L
2 8000 L] :
=
S 60.00 °
& °
€ 40.00 o
?f) : ? ] y=821.07x-1.7813
] R?=0.7035
o 2000

0.00

0 0.02 0.04 0.06 0.08 0.10 0.12

Treatment (Bovine Testis Flour Dosage, mg/L)

Figure 3. Dose-response relationship between testis extract
dosage and percentage of male betta fish

This mechanism is consistent with the general principle of
sex differentiation in teleost fish, where the endocrine
environment during critical periods of development
determines gonadal fate. The effectiveness of natural androgen
sources observed in this study aligns with previous findings
reporting comparable masculinization success between bovine
testis-derived treatments and synthetic hormones [18].
However, unlike synthetic compounds such as 17a-
methyltestosterone, natural sources may exhibit more variable
absorption and bioavailability, which can influence treatment
efficiency depending on dosage and exposure conditions [19].
Despite the positive effect on masculinization, increasing the
dosage of bovine testis extract was associated with a marked
reduction in survival rate (Figure 3).

The lowest survival (54.17%) occurred at the highest
dosage (0.10 mg/L), indicating that excessive exposure may
impose physiological stress on larvae. As illustrated in Figure
2, regression analysis showed a negative relationship between
treatment dosage and survival rate (y = —396.67x +
99.1; R? = 0.5969), indicating that increasing bovine testis
extract concentration tended to reduce larval survival. One
plausible explanation is the indirect effect of organic loading
from bovine testis extract, which contributes to the
accumulation of nitrogenous waste in the culture system. As
protein-rich material decomposes, ammonia is released into
the water, potentially reaching sublethal or toxic
concentrations [20].
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Ammonia is widely recognized as a critical water quality
parameter in aquaculture systems, as elevated concentrations
can impair gill function, reduce oxygen transport, and disrupt
metabolic processes in fish [21]. In the present study, ammonia
levels tended to increase with higher treatment dosages and
coincided with lower survival rates. Although ammonia
toxicity was not directly evaluated in this study, the observed
increase in ammonia concentration may have contributed to
physiological stress in larvae, particularly during early
developmental stages that are more sensitive to environmental
fluctuations.

Monitoring water quality is essential in aquaculture because
environmental variables strongly influence fish physiological
performance, stress responses, and overall production
outcomes. Water chemistry parameters such as pH and
ammonia can interact and affect biological processes,
including metabolism, ion regulation, and survival [21]. In the
present study, water quality generally remained within
measurable ranges throughout the experimental period;
however, pH and ammonia showed variation among
treatments. The pH values ranged from 6.58 + 0.12 to 6.82 +
0.11, indicating relatively optimal conditions compared with
commonly recommended freshwater aquaculture conditions.
Although the recorded pH values were lower than the
commonly recommended range for Betta culture
(approximately pH 6.5-7.5), B. splendens is known to possess
relatively high tolerance to suboptimal environmental
conditions. Water pH is recognized as a key factor affecting
physiological and biochemical processes in fish, and
deviations from suitable ranges may alter growth, stress
responses, and health status [22]. Previous studies have shown
that acidic conditions can influence fish performance through
changes in physiological and hematological responses,
particularly under culture-related stressors [23]. Acid—base
balance in fish is primarily regulated through the gills, and
deviations in water pH from optimal conditions may influence
ion transport processes and contribute to physiological stress
responses [24]. Nevertheless, B. splendens is recognized as
relatively tolerant to fluctuating environmental conditions
compared with many freshwater ornamental species, although
prolonged exposure to highly acidic environments may still
impose physiological stress [25]. Environmental conditions
during early developmental stages may influence endocrine
regulation and physiological responses associated with
gonadal differentiation. Stress-induced cortisol elevation has
been reported to interact with sex steroid pathways in teleost
fish, potentially modifying androgen responsiveness and
affecting sex differentiation outcomes. Therefore, the
masculinization responses observed in the present study may
reflect not only the direct androgenic effects of bovine testis
extract but also the combined influence of hormonal exposure
and rearing environment conditions.

Ammonia concentrations increased with increasing
treatment dosage and coincided with reductions in survival
rate. The highest ammonia concentration (0.16 mg/L) and
lowest survival value (54.17%) were observed in treatment D.
Elevated ammonia concentrations are known to impair
respiration, disrupt metabolic function, and induce
physiological stress in aquatic organisms, ultimately reducing
survival under prolonged exposure conditions [26]. Although
ammonia toxicity was not directly measured in the present
study, the observed inverse trend between ammonia
concentration and survival suggests that ammonia
accumulation may have contributed to reduced larval



performance. The pH variation among treatments was
relatively narrow and did not follow the same pattern as
survival decline, indicating that ammonia accumulation may
have exerted a stronger influence on biological responses than
pH differences alone. Therefore, the interaction between water
quality conditions and treatment dosage should be considered
when interpreting the observed trade-off between
masculinization efficiency and survival.

The contrasting responses between sex ratio and survival
highlight an important trade-off in the application of natural
androgen treatments. While higher dosages enhance
masculinization efficiency, they simultaneously reduce
survival performance, suggesting that maximizing one
outcome may compromise the other. From a production
perspective, this trade-off is critical because the optimal
strategy is not necessarily the treatment that produces the
highest percentage of males, but rather the one that achieves a
balanced outcome between sex control and overall yield.

In terms of growth performance, the SGR showed a slight
increasing trend with higher dosages, although the differences
were not statistically significant. This indicates that bovine
testis extract does not have a strong direct effect on growth
under the conditions tested. The observed trend may be
associated with the anabolic role of androgens, which can
influence protein synthesis and growth processes, but the
effect appears to be secondary compared to its role in sex
differentiation [27]. The lack of significant differences
suggests that growth is likely influenced by multiple
interacting factors, including feed intake, metabolic efficiency,
and environmental conditions.

Monitoring water quality is crucial for water exchange in
aquaculture [28]. In this study, it measured during the
measurements generally remained within ranges that support
fish survival, although some variables, particularly ammonia
and pH, showed similar values in every treatment. Water
quality parameters remained within ranges generally
considered suitable for Betta culture throughout the
experimental period. Slight reductions in pH and increases in
ammonia concentration were observed with increasing bovine
testis extract dosage, which may reflect greater organic
loading from the extract material. Among the measured
parameters, ammonia showed a clearer inverse relationship
with survival rate than pH wvariation, suggesting that
nitrogenous waste accumulation may have contributed more
strongly to physiological stress in larvae. Therefore, the
interaction between water quality parameters and treatment
dosage should be considered when interpreting the overall
outcomes.

Taken together, the findings of this study suggest that
bovine testis extract can be used as a natural alternative to
synthetic hormones for sex control in B. splendens, but its
application requires careful dosage management. The
existence of a trade-off between masculinization efficiency
and survival underscores the need for an optimization-based
approach rather than a single-objective focus. From an
aquaculture systems perspective, selecting an intermediate
dosage may provide a more sustainable and economically
viable strategy by maintaining acceptable survival rates while
still achieving a favorable proportion of male fish.

5. CONCLUSIONS

Bovine testis extract demonstrated a dose-dependent effect
on the masculinization of Betta splendens, with the highest
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male percentage achieved at treatment D (85.00 = 13.23%)).
Binomial GLM analysis confirmed that treatment dosage
significantly affected male proportion, while survival and
growth performance were not significantly influenced by
treatment. Although survival tended to decrease at higher
dosages, intermediate treatments, particularly treatments B
and C, provided a more balanced outcome by maintaining
moderate-to-high male proportions (41.27-60.00%) together
with acceptable survival rates (70.83—-79.17%). Overall, the
results support the potential use of bovine testis extract as a
natural alternative to synthetic hormones in ornamental fish
aquaculture.
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NOMENCLATURE
CRD Completely Randomized Design
SR Survival Rate, %
SGR Specific Growth Rate, % day*
DO Dissolved Oxygen, mg L™

29448-29456.

1404

mg/L

pH
ANOVA
LSD

Number of fish at the end of the experiment,
individuals

Number of fish at the beginning of the experiment,
individuals

Final average body weight, g

Initial average body weight, g

Experimental duration, days

Concentration (milligram per liter), mg L™
Temperature

Acidity level (potential of hydrogen)

Analysis of Variance

Least Significant Difference





