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ABSTRACT. At inadequate stocking density, fish generally show different physiological responses. The effects
of stocking density on Arapaima gigas larvae productive parameters have been determined in a previous study.
This study aimed to evaluate the effect of the stocking density on the water quality, hematological and
biochemical profile, and productive performance of juvenile A. gigas. One hundred and eighty twelve months
old, A. gigas were distributed into tanks using initial densities of 103.90, 157.95 and 220.11 kg m™ with three
replicates. Ammoniacal nitrogen, carbon dioxide, dissolved oxygen pH, alkalinity, and hardness were
determined using a LaMotte Fish Farm 9, AQ-2 model, Maryland, USA, freshwater test kit. Blood samples were
taken at 13, 14, and 15 months old by pricking the caudal vein and profiles of glucose (Glu), total protein (TP),
albumin, aspartate transaminase (AST), alanine transaminase (ALT), and urea, were determined in blood serum.
Rearing water was saturated in ammoniac nitrogen, carbon dioxide, and dissolved oxygen but have not changed
with the increase of stocking density (P < 0.05), Erythrocyte's count (EC) diminished (P < 0.05), nonetheless,
hemoglobin, mean concentration hemoglobin (MCH) and mean cell volume (MCV) increased (P < 0.05).
Albumin, AST, ALT and urea diminished at 220.11 kg m stocking density (P < 0.05). The feed intake
increased, final biomass gain was 100.26 + 19.00, 119.10 + 13.95, and 130.24 + 08.07 kg m, but did not change
as density increased (P < 0.05). Juveniles of A. gigas showed no variation in productive performance with an
increase in the stocking density. Furthermore, hematological and biochemical adapting profile to high stocking
densities characterized this species.
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INTRODUCTION

Stocking density is, after feeding and nutrition, the
most influential factor on the performance of most
aquaculture species (Andrade et al. 2015, Millan-
Cubillo et al. 2016, Arifin et al. 2017, 2019, Shajib et
al. 2017, Liu et al. 2019, Long et al. 2019, Lorenzen &
Camp 2019). It determines, first of all, the quality of the
rearing environment, and second, influence the comfort
of the animals in their feeding, movement, resting
(Maclntyre et al. 2008, Person-Le Ruyet et al. 2008,
Tsuzuki et al. 2008, Pinho et al. 2016, Costa et al. 2017)
and thus the importance of studying in aquaculture.

Fishes, in the same way as land species, can suffer
considerable changes to their hematological and bioche-
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mical profiles and other physiological aspects when
factors that intervene in their development are not
found to be in balance (Braun et al. 2010a, Ferri et al.
2011, Skov et al. 2011, Paredes et al. 2013, Refaey et
al. 2018, Da Costa et al. 2019). The hematological
results provide us information about the ecosystem's
health conditions in which the fish grow.

Arapaima gigas presents special physiological
conditions such as aerial breathing, which allow for
their adaptation in poorly oxygenated water or with a
great concentration of CO,, ammonium, nitrites, and
nitrates (Cavero et al. 2004, Sanguino 2007). Few
studies have been carried out to date for exploring these
physiological conditions to improve production rates of
this species (Santana et al. 2020). Therefore, studying
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stocking density during different development phases
of A. gigas is a factor that is yet to be determined, and
it may have direct repercussions on behavior, bioche-
mical physiology, and the productive performance
indices (De Oliveira et al. 2012).

This study's objective was to evaluate the stocking
density's effect on the water quality, hematological and
biochemical profiles, and productive performance of
juvenile A. gigas.

MATERIALS AND METHODS

Fish rearing and feeding

Rearing of juveniles in the present study took place in
the aquaculture laboratory at the Instituto de Investi-
gaciones de la Amazonia Peruana (IIAP), Pucallpa,
Peru. Nine cylindrical tanks with a 0.33 m® capacity
were used, to which groundwater was supplied, in a
continuous flow of 7.2 L min™ and at 26°C average
temperature.

One hundred and eighty twelve-month-old juvenile
Arapaima gigas were placed at initial densities of
103.90 (D1), 157.95 (D2), and 220.11 kg m™® (D3) with
three replicates each. Juveniles had an average of 65.61
+ 0.61 cm length and 2.08 + 0.16 kg weight for D1;
67.69+1.09;2.37+£0.16 kg for D2; 68.97 £ 2.0 cmand
2.64 = 0.16 kg for D3. For feeding was used a diet of
45% protein, 10% fat, 2.5% crude fiber, 12% humidity,
12% ash, and 10 mm particle size (Table 1) and at a rate
of 3% of their biomass and supplied four times per day.
For the three densities, a period of one-month adaption
to the pond conditions was given (12 months old), and
the juvenile A. gigas were reared for 90 days.

Water quality

Fifty-four water samples distributed three samples per
treatment -one per replicate pond- and taken every 15
days during the three months experimental period were
analyzed. In each water sample, pH, alkalinity,
hardness, dissolved oxygen, carbon dioxide, and
ammoniacal nitrogen (Wedemeyer 1996, Boyd 2012)
were measured using a Fish Farm 9 de LaMotte AQ-2
model freshwater testing kit, Maryland, USA. Data was
recorded at 13, 14, and 15 months old.

Hematological and biochemical profiles

One hundred and eight blood samples were obtained by
puncturing the caudal vein with a syringe at a volume
of 4 mL and later transferring it to two test tubes, one
with 2% EDTA for hematology profiles and the other
for coagulating and blood serum obtained for
biochemical profiles.

Hematocrit was determined using the microhe-
matocrit technique at 11,000 rpm in a Kert Lab Tom's
USA Science Tech Group centrifuge, and the
hemoglobin was determined using the cyanme-
themoglobin method (Samour et al. 2016) and
quantified using a DIALAB DTN 405 spectropho-
tometer at 530 nm. The mean cell hemoglobin
concentration (MCHC), mean cell hemoglobin (MCH)
and mean cell volume (MCV) indices were calculated
from the total counts of erythrocytes, hematocrits, and
hemoglobin. The total leukocytes (TL), differential
leukocyte counting, and grouped in granulocytes
(GRA), and lymphocytes (L), and total erythrocytes
(TE) were evaluated using Natt-Herrick staining and
the procedure modified by Law (Noga 2010, Grant
2015).

The biochemical profiles were determined from
samples of blood serum. To obtain these, first, the
blood was coagulated and then centrifuged at 1500 rpm
for 3 min. It was placed in microtubes and stored at -
40°C until it was processed. The glucose, protein,
albumin, aspartate transaminase (AST), and alanine
transaminase (ALT) profiles were determined using
Wiener Lab reactors, a DIALAB DTN 405 spectro-
photometer, and 530 nm filters were used. The
hematological and biochemical profiles were evaluated
at 13, 14, and 15 months old.

Productive performance

Before taking fish measurements and drawing blood,
the randomly selected fish per replicate pond were
submerging them in a solution of 5 g of NaCl L™ for 5-
10 min to alleviate or reduce osmoregulatory dys-
function by decreasing the gradient between the water
and the fish blood during handling stress period (Wurts
1995, Harmon 2009). Weight gain, feed intake,
biomass gain, was recorded at 13, 14, and 15 months
old. Feed conversion rate, absolute growth rate, relative
growth rate, specific growth rate were determined at the
end of the experimental period (Lugert et al. 2014).

Statistical analysis

The juvenile A. gigas were distributed using the
completely randomized design with three treatments
and three replicates each. For the bio-chemical profiles,
the results were analyzed using a completely rando-
mized design with a factorial arran-gement of 3x3
(three evaluations and three densities). For this data and
those for productive performance parameters, ANOVA
was applied using the Infostat (UNC 2016) statistical
software, and for multiple comparisons, the Tuckey test
(P < 0.05) was applied.
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Table 1. Proximal analysis of Arapaima gigas diet from 12 tol5 months old.

Protein (%) Fat (%) Crude fiber (%) Humidity (%) Ash (%) Particle (mm)

45.0 10.0 2.5

12.0 12.0 10.0

RESULTS

Water quality

Dissolved oxygen was at a minimum, carbon dioxide
and ammoniac nitrogen were in maximum levels
tolerated by fish in the rearing water (Boyd 2012).
However, none of the analyzed water components
varied with the increase in stocking density of juvenile
Arapaima gigas (P > 0.05) (Table 2).

Hematological and biochemical profiles

Total erythrocyte count decreased associated with the
increase in stocking density (P < 0.05), nonetheless, the
hemoglobin increased as the stocking density increased
(P < 0.05), and hematocrit did no vary (P > 0.05) (Table
3).

Mean corpuscular hemoglobin and mean corpus-
cular volume showed an increase as stocking density
increased (P < 0.05), however, the mean corpuscular
hemoglobin concentration showed no variation (P >
0.05). The total number of leukocytes and granulocytes
increased as the stocking density increased (P < 0.05),
however, lymphocytes decreased (P < 0.05) (Table 3).

Albumin, aspartate transaminase, alanine transa-
minase, and urea decreased with the greater stocking
density (P < 0.05), nonetheless, the stocking density did
no influenced the glucose and protein profiles (P >
0.05) (Table 4).

Productive performance

In this study feed intake increased as stocking density
increased (114.88 £ 1.17, 156.42 + 1.67, and 184.08 £
4.30 kg) (P < 0.05), on the other hand, stocking density
had no effect on weight gain (2.01 + 0.19, 1.79 £ 0.19,
1.57 + 0.23 kg), biomass gain (100.26 + 19.00, 119.10
+ 13.95 and 130.24 + 08.07 kg m™), feed conversion
rate (1.15+ 0.26, 1.31 £ 0.29 and 1.41 * 0.36), relative
growth rate (1.08 + 0.26, 0.84 £ 0.12 and 0.66 + 0.03%
90 d), absolute growth rate (0.02 + 0.00, 0.02 + 0.00
and 0.02 + 0.00 kg d), and specific growth rate (3.18
+0.27,3.21 £ 0.21, 3.27 + 0.23% d™) of A. gigas (P >
0.05) (Table 5).

DISCUSSION

Any decision to increase biomass production in
aquaculture by increasing fish density should consider
the physiological stress that the fish are subjected to and

any factors that may adversely affect their health (Ni et
al. 2014, Placinta et al. 2014, Ajani et al. 2015, Arifin
et al. 2019, Liu et al. 2019).

In this study, instead of the no variation of water
quality parameters with an increase in the stocking
density of juvenile A. gigas (P > 0.05) (Table 2),
ammoniacal nitrogen, carbon dioxide was several times
higher and dissolved oxygen three-fold lower in the
rearing water than those showed in A. gigas reared at
one fish 10 m? (Ferreira-Lima 2020). These results
were also similar to those shown in A. gigas by
Delgado-Ramirez et al. (2013), rearing 125, 250, and
375 fingerlings m™ and those results obtained with
juvenile Brycon orthotaenia at densities of 150, 300,
450, and 600 fish m, in which the temperature, pH and
oxygen concentration of the water was reported to be
similar among the groups (Lago et al. 2014).

Those are different from the results obtained by Da
Costa et al. (2019) with juvenile tambaqui (Colossoma
macropomum) where showed a decrease gradually in
the pH and Oz level from 8 mg L in 2.11 kg m® to 5
mg L in 27.40 kg m® stocking densities and the
ammonia level increase from 0.2 mg L™ in the lower
density to 1.0 mg L in the higher density.

Tolerance of A. gigas to very high levels of
ammoniacal nitrogen, carbon dioxide, and very low
dissolved oxygen levels showed in this study may be
because fish of the Amazonas has developed a series of
coordinated metabolic adjustments. Which coordinated
with morphological and anatomical changes as the air-
breathing, has resulted in several solutions to avoid
stress caused by warm water ponds (De Almeida-Val et
al. 2006, Lam et al. 2006, Maclntyre et al. 2008).

Specifically, in A. gigas, it may be due to the nature
of this species respiration, which does not exclusively
use the oxygen from the water; therefore, the lower
levels of O, and higher levels of residual CO2 within
the warm water ponds do not have a negative effect in
Amazon fishes (Brauner & Val 2006, Sanguino 2007).
Maybe because of this fish's efficiency for feeding and
not wasting feed in his environment and the flowing of
rearing waste by the circulation of water which was 7 L
min! in the rearing system.

Very dynamic physiological mechanisms produce
the hematological profiles; thus, they are very suscep-
tible to variation when the organism is exposed to
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Table 2. Water quality from the rearing ponds of juvenile Arapaima gigas at different stocking densities, from 13 to 15
months old as an average of the three months data (mean * standard deviation). Different letters within rows denote a
significant difference, o = 0.05 (Tukey test).

Parameters ANOVA Stocking density

(P-value)  103.90kgm=  157.95kgm™ 220.11 kgm
Dissolved oxygen (mg O, L) 0.247 2.34+0.39 1.99+0.04 2.03+0.17
Ammonium (mg NH, L) 0.268 2.21+£0.38 2.38+0.13 257+0.12
Carbon dioxide (mg CO, L?) 0.809 15.33£0.76 15.67 £ 1.28 15.92 +£1.13
pH 0.214 6.96 £ 0.07 7.04 £ 0.07 7.07 £ 0.06
Alkalinity (mg CaCOs L?) 0.091 171.50 + 3.28 164.67 = 3.40 163.67 £4.73
Hardness (mg CaCO3 L?) 0.647 71.17 £2.02 73.25 + 3.88 72.50 £1.50

Table 3. Hematological profiles and erythrocytes indices of juvenile Arapaima gigas at different stocking densities, from
13 to 15 months old as an average of the three months data (mean + standard deviation). MCV: mean corpuscular volume,
MCH: mean cell hemoglobin, MCHC: mean cell hemoglobin concentration. Different letters within rows denote significant

difference, o = 0.05 (Tukey test).

Parameters ANOVA Stocking density

(P-value)  103.90 kg m 157.95 kg m 220.11 kgm?*
Hemoglobin (g dL™) 0.001 10.78 + 0.58° 11.05 + 0.63° 11.86 + 0.76%
Hematocrit (%) 0.129 35.28 £3.22 34.92 £2.55 37.43£3.96
Erythrocytes (108 pLt) 0.005 1.91+0.19° 1.66 + 0.20° 1.66 £0.17°
MCV (fL) 0.016 196.23 +22.55° 221,95+ 28.55® 230.80 + 27.86%
MCH (pg) 0.002  61.10+08.30° 70.39+08.83°  73.59 + 06.48°
MCHC (g dLY) 0.879 32.15 +04.09 32.54 + 03.54 33.02 + 04.56
Leukocytes (10° uL) 0000  11.52+222°  09.80 + 1.98 15.01 + 2.90°
Granulocytes (%) 0.000 55.64 +02.25°  62.86 +01.93? 60.98 £ 03.752
Lymphocytes (%) 0.000  45.69+2.07°  37.13+1.92 39.22 + 3.98

extrinsic as well as intrinsic factors, and thus, they are
very important markers for interpreting the response of
the organism, as is the case here, under the effect of the
rearing density factor (Davis et al. 2008).

Total erythrocytes showed to be different from
those obtained in studies with Clarias gariepinus, an
African air-breathing fish (Dai et al. 2011), and in a
study in C. macropomum (Da Costa et al. 2019), where
the number of erythrocytes did not vary with the
stocking densities. In the same way, this study contrasts
with the results in Centropomus parallelus, where total
erythrocytes were higher at 500 fish m™ compared to
200 and 350 fish m™ in a recirculation rearing system
(Pinho et al. 2016). It is known that the level of
erythrocytes in fish and other vertebrae is associated
with their activity, which is to say, sedentary fish have
lower levels of erythrocytes than those which are more
active (Claver & Quaglia 2009).

An increase in hemoglobin, MCH, and MCV as A.
gigas stocking density increased may be as a negative
feedback response to a decrease in total erythrocyte
count and no change in hematocrit level and MCHC
(Reece 2015). Different results in hemoglobin, MCH,

and MCV and similar results in MCHC of this study
have been reported in C. gariepinus, where these
profiles did not change with increasing density from 35
to 125 kg m (Dai et al. 2011) and in C. macroporum
at 2.11, 8.41, 16.34 and 27.34 kg m™ densities (Da
Costa et al. 2019).

The hematological profiles, as well as the
hematological indices, in general, increased as a
function of the age of A. gigas (P < 0.05) due to
physiological mechanisms, which cause them to be
more adapted as they reach the adult state (Reece 2015).

The increase in total leukocytes and granulocytes as
stocking density increased (P < 0.05) is a favorable
response to a stimulus caused by stress in an acute form,
as is the case in a state of overpopulation (Tort 2011).
Nonetheless, when the overpopulation in fish is
prolonged, on the contrary, the immune response
diminishes (Caipang et al. 2009), and it may explain
lowering lymphocytes as the stocking density increased
in this research (P < 0.05). Similar results have been
shown in C. macropomum (Da Costa et al. 2019).

The difference in the hematological profiles and
indices obtained in the present research from those



Stocking density of Arapaima gigas juveniles

197

Table 4. Biochemical profiles of juveniles Arapaima gigas at different stocking densities, from 13 to 15 months old (mean
+ standard deviation). Different letters within rows denote significant differences (P < 0.05). AST: aspartate transaminase,
ALT: alanine transaminase, U L™ international unit, VC: variation coefficient.

Parameters

Factors Glucose Protein Albumin AST ALT UREA

(gdL™h (gdL™h (gdL™h (uLh (uLh (mgL™h
Density
10390 kgm=  31.04+10.1 2.89+0.6 1.36+0.4®  20.65+6.1® 16.61 £ 4.02 8.49 £5.52
157.95kgm=  29.43+10.0 2.76£04 141+£0.32 22.56 £7.9% 14.00 + 3.5° 6.48 £ 3.0°
220.11kgm?® 2855+8.4 2.76+£0.4 1.31+0.3° 19.47 +6.2° 14.61 + 4.1® 7.11+3.7°
Age
13 months 25.83+122° 241+03c 1.01+0.1c 28.144+4.7a 15.99+5.5 2.32£0.4d
14 months 34.50 £ 8.62 288+0.2b 1.35%0.1b 22.19+4.1b 14,97 £3.7 5.27+1.1c
15 months 29.63 +5.7% 258+0.3c 1.28%0.1b 18.47 £ 6.8c 14,97 £3.3 11.37+3.7a
ANOVA (P-value)
Density 0.316 0.1422 0.0261 0.014 0.0073 0.0001
Age 0.0002 0.0001 0.0001 0.0001 0.4211 0.0001
Density x age 0.0001 0.0284 0.0098 0.0091 0.0027 0.0001
VC (%) 23.59 11.27 10.87 21.17 23.95 15.15

Table 5. Productive parameters of juvenile Arapaima gigas at different stocking densities from 13 to 15 months old as an
average of the three months data (mean + standard deviation). WG: weight gain, BG: biomass gain, FCR: feed conversion
rate, AGR: absolute growth rate, RGR: relative growth rate, SGR: specific growth rate. Different letters between rows

denote significant difference, a« = 0.05 (Tukey test).

Stocking density

Parameter ANOVA (P-value) —5aahkgm?  157.95 kgm?  220.11 kgm?
WG (ko) 0.285 201019 179+019  157+023
BG (kg m?) 0.106 10026 +19.00 119.10+13.95 130.24 + 08.07
Feed intake (kg) 0.000 114.88+ 1.17° 15642+ 167° 184.08 + 4.30°
FCR 0.281 1154026 1314029  141+036
AGR (kg d) 0.190 0024000  002+000  0.02+0.00
RGR (%90 d') 0.056 108+0.26  084+012  066+0.03
SGR (% dY) 0.878 3184027  321+021 3274023

obtained in previous ones in other related species could
be associated with high biomass levels (initial 103.90,
157.95, 220.11 kg m™, and final 204.15, 277.06, 350.36
kg m®) used in this study as well as the air-breathing
physiological mechanisms of A. gigas. Like the air-
breathing fish Megalops cyprinoides, whose blood
possesses up to 50% less affinity to oxygen than the
blood of those species that breath in the water (Wells et
al. 2005, Brauner & Val 2006).

The effect of stocking density in decreasing AST
and ALT profiles (P < 0.01) in this study may be
associated with physiological mechanisms related to
the healthy organism of A. gigas evidenced by means
no morbidity and no mortality, which makes this
species tolerant to the effects caused by the increase in
stocking density compared to those shown in Ictalurus
punctatus (Refaey et al. 2018). These enzymes are
localized into the cytoplasm, principally of the hepa-

tocytes and myocytes of the different animal species.
They could increase their release in the blood when
these tissues suffer alterations to the cellular
membrane, as is the case in the inflammatory processes
or necrosis (Hoffman & Solter 2008).

In all animal species and especially fish, the level of
nitrogenous wastes in blood comes from the degra-
dation of protein and catabolism of amino acids from
the diet, and therefore the higher intake of diet, the
higher the synthesis of nitrogen as waste in the blood
(Ip & Chew 2018). In this study, the high level of
ammoniacal nitrogen in rearing water may be
associated with increased feed intake as stocking
density increased.

The majority of teleost synthesize ammonia predo-
minantly as an end product for excreting nitrogenous
waste (ammoniotelic); however, some of them may
increase urea synthesis for excretion or become
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transiently ureotelic after feeding, exposed to elevated
water ammonia, confinement, or crowding (Wright &
Land 1998, Braun & Perry 2010b, McDonald et al.
2012, Chew & Ip 2014). Therefore, the high levels of
urea in blood of A. gigas in this study and the change of
urea levels as the stocking density increased may be
associated with the high level of ammoniacal nitrogen
(1.99-2.36 mg L) and the trend of increase, although
no statistically significant of this nitrogen waste in the
rearing water as the stocking density of A. gigas
increased.

Glucose and total protein profiles in the blood serum
of A. gigas were similar at the three density levels;
however, these profiles showed an interaction between
age and stocking density (P < 0.05) (Table 4). The
increase of glucose in fish, before the effect of the stress
factor, is since they use it to compensate for the increase
in energy demand for swimming and other activities to
face the disturbance in the environment (Polakof et al.
2011). Nonetheless, the levels of glucose under the
effects of density in fish differ based upon the species.
In Acipenser schrenckii, the glucose levels were similar
at low, medium, and high densities (Ni et al. 2014), but
in Gadus morhua and Acipenser sinensis, glucose
increased as the density increased (Caipang et al. 2009,
Long et al. 2019).

Total protein and albumin in the blood generally are
associated with the level of non-specific immunity and
is made up of lysozymes, complement, and the levels
under the effect of stress factors, such as the increase in
stocking density of fish, generally increase (Ortufio et
al. 2001, Tort 2011, Ni et al. 2014). However, the
response varies with the species. In Gadus morhua and
A. sinensis, protein levels were similar at two and three
densities, respectively (Caipang et al. 2009, Long et al.
2019). The no variation of glucose and total protein
profile instead of lowering the albumin profile by the
effect of stocking density (P < 0.05) (Table 4), may
evidence that A. gigas poses adapting physiological
mechanisms to overcome the stressful impact caused by
the increase in stocking density such as secreting less
cortisol as stocking density increase in larvae (Santana
et al. 2020).

Glucose, protein, and albumin profiles, in general,
increased as a function of the age of A. gigas due to
physiological mechanisms, which become more
efficient, just like the hematological responses, as they
arrive at an adult state, in different animal species
(Eckersall 2008). All the biochemical profiles from this
study were within the species' physiological profiles
(Tavares-Dias et al. 2007, Paredes et al. 2013).

In general, in all species of animal for production,
including fish, a high stocking density is associated
with a decrease in growth, weight gain, and feed

conversion rate (Tong et al. 2012, Ardiansyah &
Fotedar 2016, Fu et al. 2016, Costa et al. 2017, Reafey
etal. 2018, Liuetal. 2019, Long et al. 2019). However,
in this study, A. gigas showed a different pattern,
weight gain, feed conversion rate, absolute growth rate,
specific growth rate, feed conversion rate, biomass
gain, and relative growth rate did not change under the
effect of increasing stocking density. These results are
supported by another study where the lowest cortisol
plasma level and higher performance variables of the A.
gigas larvae reared at the 2000 larvae m™ density than
those at 400, 800, 1200, and 1600 larvae m have been
reported (Santana et al. 2020), suggesting that these
conditions may contribute to the welfare of A. gigas to
be better at higher densities than lower densities.

It is also in line with the study where size grading
did not change final biomass, feed conversion rate, and
specific growth rate in A. gigas (Ferreira Lima et al.
2020) and the study in C. macropomum where stocking
density had no effect on the final weight and feed
conversion rate (Costa et al. 2016).

At the same time, it contrasts with results in other
studies of this species in which stoking density affected
final weight and weight gain, and production was no
affected (De Oliveira et al. 2012). In this way, other
different results have been obtained in Salminus
brasiliensis (Braun et al. 2010a), in C. gariepinus
(Toko et al. 2007), in Brycon insignis (Tolussi et al.
2010).

These results in A. gigas could be narrowly
associated with the physiological mechanisms such as
the increase in the blood profiles, which are directly
related to metabolism, as are hemoglobin, MCH, and
MCV (Noga 2010, Grant 2015), which increased with
the stocking density in this study. At the same time, this
may be associated with physiological mechanisms such
as A. gigas respiration, in which the blood possesses up
to fifty percent less affinity for oxygen than the blood
of those species that breath in the water (Brauner & Val
2006). Both mechanisms would make A. gigas more
efficient in overcoming the negative effects of the
increase in the stocking density, which are shown in
other species of fish.

CONCLUSIONS

A. gigas showed hematological and biochemical
adaptation and no variation in productive performance
under the effects of the stocking density. This research
evidenced that A. gigas is a species with great
production potential due to its physiological capacity to
adapt to higher stocking densities than other fish
species, and it needs further research.
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