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Weight-length relationship, condition factor and blood parameters of farmed
Cichla temensis Humboldt, 1821 (Cichlidae) in central Amazon

Marcos Tavares-Dias', Adriana Maria de Castro Monteiro?, Elizabeth Gusmao Affonso?
and Karlia Dalla Santa Amaral'

Farming of native carnivore fish species has drawn attention due to their promising use in aquaculture. Among these species,
tucunaré of the genus Cichla stand out, them being of high economical interest for sport fishing and Amazon’s industry of
ornamental fish. The present study describes the weight-length relationship (WLR), relative condition factor (Kn), red blood
cell parameters, thrombocytes and leukocytes count of Cichla temensis Humboldt, 1821, farmed in central Amazon. Fish that
underwent food training during fingerling culture received extruded ration containing 45% of crude protein during fattening,
and had Kn with values from 0.925-1.199, which indicated good health condition during the culture. The equation obtained
from the WLR was W = 0.0073Lt*!4*%, indicating an isometric growth, which is the desirable for fish of fish farm. Red blood cell
counts, total thrombocyte and leukocyte counts, hematocrit, hemoglobin concentration, mean corpuscular volume (MCV),
concentration of mean corpuscular hemoglobin (MCHC), lymphocytes, monocytes and neutrophils had intra-specific variation.
A significant (p<0.001) positive correlation of the red blood cells number with the hemoglobin concentration and hematocrit
was found. These are the first sets of blood parameters for C. femensis and could be used as reference for comparison in further
studies to evaluate the health status of this fish in different environments, because assessment of these parameters may be
used as quick tool for diagnosing diseases, stress and malnutrition.

A criag@o de peixes carnivoros nativos vem recebendo grande aten¢do devido ao promissor uso na aquicultura. Entre estes
peixes destacam-se os tucunarés do género Cichla, de grande interesse para a pesca esportiva e a industria de peixes
ornamentais da Amazonia. O presente estudo descreve a relagdo peso-comprimento, fator de condigdo relativo (Kn) e pardmetros
sanguineos do tucunaré Cichla temensis Humboldt, 1821 cultivado na Amazodnia central. Os peixes submetidos a treinamento
alimentar na alevinagem receberam ragdo extrusada contendo 45% de proteina bruta na engorda e tiveram Kn variando de
0,925-1,199, indicando boas condi¢des de higidez no cultivo. A equagio obtida da relagdo peso-comprimento foi P=0,0073.Ct>!4%,
indicando crescimento do tipo isométrico, que ¢ o mais desejavel para peixes em uma piscicultura. O niimero de eritrdcitos,
trombdcitos e leucdcitos totais, hematocrito, concentragdo de hemoglobina, volume corpuscular médio (VCM), concentragio
da hemoglobina corpuscular média (CHCM), linfocitos, monocitos e neutrdfilos mostrou variagdo intra-especifica. Foi observada
correlagdo positiva significativa (p<0,001) do nimero de eritrdcitos totais com a concentragdo de hemoglobina e o hematdcrito.
Estes foram os primeiros resultados sobre parametros sanguineos de C. temensis ¢ poderdo ser usados como referéncia para
comparacdo em estudos futuros para avaliar o estado de saude deste peixe em diferentes ambientes, pois a medida destes
parametros pode ser usada como ferramenta rapida para diagnostico de doencas, estresse ou desnutri¢do.
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Introduction

Brazil has the biggest species richness of freshwater fish
in the world. Some of these species have optimal
characteristics for farming; however, most of the domestic
production is represented by exotic species as carp and tilapia,
due to the good knowledge on farming technology of these
species (Poli ef al., 2004). Nowadays, cultivation of native
carnivorous fish has received great attention due to the high
market value that these species attain. Among Amazonian
ichthyofauna, the genus Cichla comprises 15 species
(Kullander & Ferreira, 2006). These species are regarded as
fish of great flavor and meat quality (absence of intramuscular
spines), so they belong to one of the most commoditized
species in the Amazonian region, their original drainage basin
(Saint-Paul, 1986; Kullander & Ferreira, 20006).

The tucunaré C. temensis is a species of great importance
for sport fishing and commerce of ornamental fish. It
reproduces naturally in vivaria, displaying spawning and
parental care, something that ensures higher rates of survival
for fingerlings. However, due to cannibalism during fingerling
culture, maintenance of low stocking densities must also be
employed to optimize survival rates (Poli et al., 2004). Such
fish are carnivorous, thus needing to undergo food training
to accept artificial rations. Other huge obstacle for sustaining
intensive farming is ailments, which have greatly increased
during the last decades (Schalch et al., 2005; Tavares-Dias et
al., 2009). In addition, another barrier has been the lack of
knowledge on the biology, especially concerning physiology
of native species which are promising for aquaculture.

Weight-length relationship is used for estimating the weight
corresponding to a given length (Gomiero & Braga, 2003; Froese,
2006; Gomiero et al., 2008) and may be also used to determine
possible differences between separate unit stocks of the same
species. The condition factor is used for comparing the body
condition, gonadal development, fatness, or welfare of fish, based
on the assumption that heavier fish of a given length are in
better condition (Gomiero & Braga, 2003; Froese, 2006). Due to
its importance, the knowledge of these quantitative indicators
of health has been used in fishing biology studies since the
beginning of the 20" century (Froese, 2006).

The relative condition factor (Kn) provides information
on the variation of fish physiological status, and may be used
for comparing populations living in certain feeding, climate,
and other conditions (Le-Cren, 1951; Lizama & Ambrdsio,
2002; Gomiero et al., 2008). Therefore, condition factor can be
used to determine the period of gonadal maturation and
following up the degree of feeding activity of a species to
determine whether it is making good use of its feeding source
(Weatherley, 1972; Lizama & Ambrdsio, 2002; Gomiero et al.,
2008). In addition, other physiological parameters can be used
for evaluating the health status of the fish.

The analysis of blood parameters may be used as a
relevant tool in detecting diseases (diagnosis and prognosis)
that afflict fish (Tavares-Dias & Moraes, 2004; Kori-Siakpere
et al., 2005; Ranzani-Paiva et al., 2005; Tavares-Dias et al.,

2009), as well as indirectly assisting in monitoring aquatic
ecosystems (Serpunin & Likhatchyova, 1998; Kori-Siakpere
et al., 2005). Thus, observations of physiopathological
alterations in fish undergoing various conditions of stress
have been made possible by studies related to enzymatic
levels, stress indicating hormones (corticosteroids) and some
blood parameters (Gabriel et al., 2004; Ranzani-Paiva et al.,
2005; Tavares-Dias et al., 2009).

Piscine red blood cell parameters (red blood cell counts,
hemoglobin and hematocrit) have been employed to estimate
the oxygen carrying capacity, as well as to diagnose anemia
and indicate systemic responses to external stimuli (Tavares-
Dias & Moraes, 2007; Tavares-Dias et al., 2009). White blood
cell counts may indicate infections and other states of
homeostatic imbalance (Serpunin & Likhatchyova, 1998,
Tavares-Dias et al., 2009). However, those parameters are
directly related to genetic, physiological, and environmental
factors (both biotic and abiotic) for each species, such as sex,
age, and food availability in the environment (Gabriel et al.,
2004; Tavares-Dias & Moraes, 2004), which can difficult the
interpretation of collected data. In addition, one of the
hindrances in assessing the health of fish is the scarcity of
reference values for blood parameters, the data on tropical
species being negligible if compared to the richness and
diversity of fish species in such ecosystems (Kori-Siakpere
et al., 2005). Thus, the present study aims to provide
information regarding the weight-length relationship, relative
condition factor (Kn) and blood parameters of C. temensis
farmed in central Amazon.

Material and Methods

Fish and conditions of cultivation

The experiments of this study were conducted in the
facilities of the Coordenagdo de Pesquisa em Aquacultura
(CPAQ) of the Instituto de Pesquisa da Amazonia (INPA).
Voucher specimen catalogued as INPA 9900. Fingerlings of
Cichla temensis (3.5+0.3 cmand 2.5 + 0.4 g) were kept in tanks
measuring 120 m?, in a density of one specimen per square
meter, and having underwent food training in cages. During
and after fingerling culture, fish were fed with homogeneous
mixture of zooplankton, minced fish meat, mineral and vitamin
premix, and extruded commercial ration with 45% crude protein.

Blood parameters analysis

When the tucunaré C. temensis reached the age of about
one year, 40 specimens were collected and anesthetized with
benzocaine (0.5 g/L of water) to collect blood from the caudal
vessel, using syringes containing EDTA (10%). These
procedures took 0.8-1.2 min, to minimize stress for the fish.
Blood analysis followed collection, when we determined red
blood cell counts (RBC) in a Neubauer chamber, hematocrit
(Hct) by the microhematocrit method, and concentration of
hemoglobin (Hb) by the oxihemoglobin method. Hematimetric
indices such as mean corpuscular volume (MCV) and
concentration of mean corpuscular hemoglobin (MCHC) were
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determined from values of red blood cells, hemoglobin and
hematocrit (Tavares-Dias & Moraes, 2006).

Blood smears were made and stained with the combination
May Grunwald-Giemsa-Wright (Tavares-Dias & Moraes, 2003)
for differential leukocyte count, reaching 200 cells of interest.
Those smears were used for the determination of the total
leukocytes and thrombocytes, following recommendations
from Tavares-Dias & Moraes (2006).

Weight-length relationship and relative condition factor
For each specimen the weight (g) was determined using a
scale with precision 0.01 g, while total body length (cm), with an
ichthyometer. These data were used to find the relative condition
factor (Le Cren, 1951) and the weight-length relationship (WLR),
making use of Equation 1:
W=a-Lt*(1)

Where W stands for total weight in grams, Lt for total length
in centimeters and a and b are constants. Both these constants
were estimated by a linear regression of Equation 2 transformed:

W=loga+bxlogL (2)

Statistical analyses

In study of the WLR, the level of significance of r was estimated
and the value of b was tested using the Student’s t-test (p<0.05),
to know if b =3.0. The relative condition factor (Kn) was tested
with the standard Kn = 1.00, by Student’s t-test (p<0.05).

‘Water quality analyses

To analyze variations in physiochemical parameters of
water quality during the experiment, we performed weekly
analysis of dissolved oxygen (DO), hydrogen potential (pH),
temperature and electrical conductivity and total ammonia.
Values of DO varied from 5.5 to 6.5 mg/L, temperature from
27.8-29.0°C, pH from 5.5-6.0, electrical conductivity from 24.0-
32.0 us™! and total ammonia from 0.8-1.0 mg/L.

Results

Values of weight, total length, relative condition factor (Kn)
and blood parameters of C. temensis can be seen in Table 1.
The weight-length relationship among pairs of plotted data,
values of determination coefficients (R?) and corresponding
equation are demonstrated in Fig. 1.

Table 1. Mean values + Standard deviation (SD), and
minimum and maximum for biometric and blood parameters
of C. temensis (n =40) farmed in central Amazon.

Parameters Mean + SD Minimum-Maximum
Weight (g) 130.8 £44.2 40.0-220.0
Length (cm) 222425 16.5-27.0

Kn 1.00 +0.04 0.925-1.199
RBC (x 10%uL) 1.420 £ 0.121 0.970-1.600

Hb (g/dL) 6.3+£0.6 4.3-7.4

Hct (%) 23.9+2.1 16.0-27.0
MCV (fL) 168.3 +4.6 154.4-178.1
MCHC (g/dL) 264 +1.2 23.6-29.7
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The equation that describes this relationship is W =
0.0073Lt*!%35 given that the obtained value for the slope (b)
of the weight-length relationship shows that relative growth
is allometric. Kn (0.925 to 1.199) was not different from 1.00,
according to the #-test.

In C. temensis, the number of red blood cells, hematocrit,
hemoglobin, MCV and MCHC varied (Table 1). There was a
highly significant (p<0.001) positive correlation of red blood
cells number with the concentration of hemoglobin [Hb = -
0.246 + (4.605 x RBC)] (Fig. 2) and hematocrit[RBC=0.144 +
(0.0534 x Hct)] (Fig. 3). Positive correlation was also observed
between hematocrit and concentration of hemoglobin [Hb =
0.623 +(0.237 x Het)] (Fig. 4).

Values on total thrombocyte and leukocyte counts are
shown in Table 2. In C. tfemensis, red blood cells,
thrombocytes and leukocytes (lymphocytes, monocytes
and neutrophils) were found in blood smears stained with
May Grunwald-Giemsa-Wright (MGGW). Mature red blood
cells usually have with elliptical shape, acidophilic
cytoplasm and nucleus following the general shape of the
cell (Fig. 5A).

Polychromatic erythroblasts are cells larger than mature red
blood cells, with varying size and cytoplasmic staining (Fig. 5B).
Neutrophils are predominantly rounded, their cytoplasm
containing neutrophilic fine granulations. Their nucleus is rod-
shaped, occasionally segmented and, generally, eccentric, its
nuclear chromatin being mildly compact, lacking a visible
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Fig. 1. Weight-length relationship in Cichla temensis (n = 40)
farmed in central Amazon. Data values as plotted: a. Values of
the determination coefficient/R2; b. Linear regression.
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Fig. 2. Relationship between red blood cells (»=0.938; p<0.001)
and hemoglobin concentration in C. temensis (n =40) farmed
in central Amazon.

nucleolus (Fig. 5C). Monocytes are generally rounded cells, larger
than lymphocytes, with a basophilic cytoplasm that may have
vacuoles or not. Nucleus is usually beveled and occasionally
rounded (Fig. 5D). Lymphocytes are predominantly rounded cells
with varying size and basophilic cytoplasm, without visible
granules, and often displaying cytoplasmic projections. Their
nucleus is rounded and has dense chromatin, which shows high
relationship with the cytoplasm (Fig. SE). Thrombocytes are
usually rounded cells, their cytoplasm sporting a hyaline staining
and following the shape of the cell (Fig. 5F).

Discussion

Several fish species with carnivorous habits are adapted
to captivity, such as golden dorado Salminus brasiliensis
(Cuvier, 1816) and S. affinis (Steindachner, 1880) channel
catfish Ictalurus punctatus (Rafinesque, 1818), rainbow trout
Oncorhynchus mykiss (Walbaum, 1792), barred sorubim
Pseudoplatystoma spp., and Arapaima gigas (Schinz, 1822).
However, the culture system (intensive, semi-intensive or
extensive) notwithstanding, productivity is directly related
to water quality, mainly the dissolved oxygen levels (Boyd,
2001). While fish of the genus Cichla inhabit lentic waters,
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Fig. 3. Relationship between hematocrit and red blood cells (= 0.950;
p<0.001) in C. temensis (n =40) farmed in central Amazon.
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Fig. 4. Relationship between hematocrit and hemoglobin
concentration (r = 0.860; p<0.001) in C. temensis (n = 40)
farmed in central Amazon.

these fish are extremely demanding of dissolved oxygen levels,
and they also display sensibility to low temperatures. In this
study, parameters of water quality were within optimal values
for the cultivation of C. temensis, a tropical species.

In the farming environment there is greater control over
biotic and some of the abiotic factors, but, regardless of that,
the allometric weight-length relationship for C. temensis was
the same as the one described for other species of the genus
Cichla, such as Cichla ocellaris, Cichla monoculus Bloch &
Schneider, 1801 (Gomiero & Braga, 2003), Cichla orinosensis,
Cichla temensis Humboldt, 1821 (Jepsen et al., 1999;
Winemiller, 2001) and Cichla intermedia Machado Allison, 1971
(Jepsen et al., 1999), which live in the wild. On other species of
cichlids, such as Astronotus crassipinnis (Heckel, 1840) and
Geophagus proximus (Castelnau, 1855), growth was also
allometric (Ruffino & Isaac, 1995). However, for C. kelberi with
grouped sexes the weight-length relationship was W=
0.000009209Lt**3 (Gomiero et al.,2008). As in wild environments
predation and competition (both intra and interspecific) take
place, the expected weight-length relationship should be lower
than that found for farmed fish. Nevertheless, when farmed
species are under stressful conditions, be them caused by
inadequate handling or illness, the weight-length relationship
can also considerably decrease.

Although the relative condition factor for C. ocellaris
and C. monoculus has varied during the studied period
(Gomiero & Braga, 2003), mean values (Kn= 1.00) were similar

Table 2. Mean values + Standard deviation (SD), and minimum
and maximum for total thrombocyte and leukocyte counts of
C. temensis (n = 40) farmed in central Amazon.

Parameters Mean + SD Minimum-Maximum
Thrombocytes (uL) 28,619 £ 13,148 11,120-78,100
Leukocytes (uL) 13,163 + 6857 3080-31,710
Lymphocytes (1L) 9308 + 5864 3218-21,638
Lymphocytes (%) 68.6 £20.8 24.0-87.0
Monocytes (L) 1433 + 842 493-3120
Monocytes (%) 11.3+45 5.0-19.0
Neutrophils (nL) 2314 + 1766 402-5292
Neutrophils (%) 20.1 £18.8 5.0-63.0
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Fig. 5. Blood cells in tucunaré C. temensis stained by MGGW. A - Erythrocytes, B - Polychromatic erythroblasts, C - Neutrophil,
D - Monocyte, E - Lymphocyte, and F - Thrombocytes. Scale bars =5 pm.

to those for C. temensis in the present study. However, for
farmed /. punctatus Kn was higher than 1.00 (Tavares-Dias &
Moraes, 2007). Therefore, this indicates good body condition
of C. temensis in culture, making good use of the artificial
feeding source in the fish farming.

Blood is the most accessible component of the fish body
fluid system. Accordingly, it is the tissue most frequently
examined in attempts to assess physiological status. On red
blood cell parameters, we observed that C. temensis, when
compared to other freshwater carnivorous species, displayed
lower red blood cells count, MCV and MCHC. On the other
hand, in C. femensis the mean values of hemoglobin were
higher than those recorded for Pseudoplatystoma fasciatum
(Linnaeus, 1766) and Hoplias malabaricus (Bloch, 1794), as
well as hematocrit in North African catfish Clarias gariepinus
(Burchell, 1822) and spotted sorubim Pseudoplatystoma

corruscans (Spix & Agassiz, 1829) (Table 3). Furthermore, a
positive correlation between red blood cell counts, hematocrit
and hemoglobin was observed in this study, indicating no
discrepant influences when determining these red blood cell
parameters. Similar correlations were described for 4. gigas
(Araujo et al., 2009) and the hybrid surubim P. reticulatum x
P. corruscans (Tavares-Dias et al., 2009), species that are
both carnivorous and kept under intensive cultivation. Such
higher hemoglobin content in C. femensis reflects greater
metabolic activity (Tavares-Dias & Moraes, 2004; Tavares-
Dias et al., 2008), and presumably would reflect also better
physiological adaptation to survive in environments with
seasonal fluctuations of oxygen levels, which occur in the
Amazonian basin. Therefore, red blood cell parameters are
useful measures of respiratory adaptation that could be used
for fish living in different environments.

Table 3. Mean values of red blood cell parameters for different species of carnivorous fish from literature. RBC = Red blood cell counts;
Hb =hemoglobin; Hct=hematocrit; MCV =Mean corpuscular volume; MCHC = Mean corpuscular hemoglobin. - =No information.

ct(%) MCV (fL) MCHC (g/dL)

Species/Environment RBC (x 10%ul)  Hb(g/dL) H
Ictalurus punctatus/farmed 3.000 7.0
Clarias gariepinus/wild 2.500 7.9
Clarias isheriensis/wild 1.550 14.5
Pseudoplatystoma fasciatum/farmed 1.697 52
Pseudoplatystoma corruscans/farmed - -
Salminus affinis/wild 2.200 12.5
Salminus maxillosus/wild 2.149 8.9
Hoplias malabaricus/wild 2.050 4.8
Arapaima gigas/farmed 4.123 10.4
Cichla temensis/farmed 1.420 6.3

31.0 108.1 22.0 Tavares-Dias & Moraes (2007)
23.0 93.3 36.1 Gabriel et al. (2004)

31.6 207.3 46.4 Kori-Siakpere (1984)

25.0 151.7 20.9 Ranzani-Paiva et al. (2005)
234 - - Beelen et al. (1998)

36.2 163.8 35.0 Atencio-Garcia ef al. (2007)
43.6 207.0 20.8 Ranzani-Paiva et al. (2001)
26.5 139.8 27.9 Rios et al. (2005)

34.4 83.3 30.2 Tavares-Dias et al. (2007)

23.9 168.30 26.40 Present study
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Table 4. Mean values of thrombocyte and leukocyte counts for species of carnivorous fish from literature. - = No information.

. Clarias Salminus Salminus Arapaima Ictalurus Hoplias Cichla
Parameters/Species S N . : . .
gariepinus brasiliensis affinis gigas punctatus malabaricus __ temensis
Gabriel er al.  Ranzani-Paiva et al.  Atencio-Garcia et Tavares-Dias et al. Tavares-Dias & Rios et al. Present
(2004) (2003) al. (2007) (2007) Moraes (2007) (2005) study
Thrombocyte (1L) - - 25.400 46.097 77.870 14.600 28.619
Leukocytes (uL) - - 6100 15.833 35.788 54.700 13.163
Lymphocytes (uL) - - - 12.669 9112 53.600 9308
Lymphocytes (%) 48.8 53.1 68.8 80.2 - 86.5 68.6
Monocytes (1L) - - - 748 5253 4400 1433
Monocytes (%) 3.6 5.8 2.1 53 - 7.08 11.3
Neutrophils (uL) - - - 2419 19.038 1900 2314
Neutrophils (%) 49.1 333 28.4 14.3 - 3.2 20.1
Piscine blood leukocytes are the major cell components Acknowledgements

involved in immune response (Tavares-Dias & Moraes, 2007;
Tavares-Dias et al., 2008). In general, among the leukocytes
found are lymphocytes, neutrophils, monocytes, eosinophils,
basophils and PAS-positive granular leukocytes (Tavares-Dias
& Moraes, 2004), depending on species. However, C. femensis
has only lymphocytes, monocytes and neutrophils, which were
the only leukocytes also reported for S. affinis (Table 4). Hence,
this indicates similar functioning of the immune system for
both species. On the other hand, C. femensis has all blood
leukocytes known for fish, while 4. gigas and S. maxillosus
have no basophils, and /. puctatus has no eosinophils (Table 4).
Environmental pressure during evolution seems to have
induced adaptations in the tissue distribution of the cells
involved in the immune system of fish, therefore the
granulocytes may have evolved similarly (Tavares-Dias et al.,
2008). Since neutrophils were the only granulocytes found in
C. temensis blood, we could assume that, during this evolution
of the immune system, they became the most important
granulocytes for the immune defense of this neotropical fish.

On thrombocyte and leukocyte counts, we observed that C.
temensis displays the lowest number of total thrombocytes and
leukocytes when compared to other species of carnivorous fish
in specialized literature, as can be seen in Table 4. In C. femensis,
about 80% of the leukocytes were lymphocytes and monocytes.
However, lymphocyte counts were similar to that seen in S. affinis,
while monocyte and neutrophil counts differed. These
differences were species-specific, in addition different
methodologies employed for counting total leukocytes and
thrombocytes might affect these results from literature (Tavares-
Dias & Moraes, 2006; Tavares-Dias et al., 2009).

In conclusion, since the species here compared have some
similar features, such as feeding habits, environmental preference
and good health status, other factors, such as respiratory
physiology and thermal preferences, were also responsible for
the intra-specific differences in hematological parameters.
Furthermore, differences in blood sampling and environmental
characteristics of habitat, be it either a natural or farming
environment, may also influence some blood parameters, causing
differences highlighted in this study. Therefore, the fish blood
parameters are important bioindicators of their physiological
status and a helpful tool in the evaluation of their immune system,
but only when they are correctly interpreted.
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(Proc. #300472/2008-0/PQ) to M. Tavares-Dias and grant for
Technical Support (Proc. #501672/2008-7).
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