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Abstract
This study aimed to compare and find the differences in the hematological values and
allometry of the reared and wild-type Nile Tilapia, Oreochromis niloticus. Fifteen samples
of reared and fifteen samples of wild-type O. niloticus were utilized respectively. Pearson
correlation analysis revealed that both fishes have negative allometry. Moreover, selected
blood parameters of reared fish samples have higher blood values compared to wild fish.
It is concluded that there was a difference in the blood values between pond reared and
wild-type. Likewise, a significant difference on the total length-weight relationship but
both have negative allometric growth. The food availability and habitat type influenced the
hematological physiology and growth conditions of O. niloticus fish samples in this present
study.
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1

Introduction

The Nile tilapia, Oreochromis niloticus is
an omnivore that fodders on zooplankton,
phytoplankton and larvae as they live in the
wild or natural environment. However, due
to increasing demands and consumptions,
many of these fishes have been raised in
the aquatic farms for food supply. Farm
raised fish, in contrast to the wild-type
fish were fed with commercialized formulated
pellets other than foods in the semi-or
controlled habitat (Robb & Crampton, 2013).
Furthermore, a study on European salmon
has shown that higher levels of PCBs
and other environmental toxins are present
in farm-raised salmon than in their wild
counterparts. The study of Jerônimo, et
al.
(2011) revealed that seasonal and
handling demonstrated the influence of fish
farm on certain hematological parameters in
Nile tilapia. Moreover, it was found out
*correspondence: saura.rex@yahoo.com

that changes in the nutritional content of
farmed fish products due to altered feed
composition could impact human nutrition
(Fry et al., 2016).
Nutritional studies
comparing farm raised and wild-type fish
commodity provide differences in nutrient
value like farmed salmon contains two or
three times fewer Omega-3’s even though it
contains more overall fat than wild salmon
due to its grain-based diet. The same is true
for other popular farmed fish, such as catfish
and tilapia (Beattie & Barnes, 2009).
The blood consists of several components
including red blood cells that carry oxygen,
white blood cells which fight infection,
hemoglobin as oxygen-carrying protein in red
blood cells. Hematocrit is a proportion of
red blood cells to the fluid component, or
plasma, in the blood and platelets which
help in blood clotting. Abnormal increases
or decreases in cell counts as revealed in a
complete blood count may indicate that there
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on the fish health of Nile Tilapia as to the
risk of exposure to infections and pathogens
from two different habitats for consumption
preferences and food preparation.
This
will also provide the basis for aquaculture
management plan and conservation measures
for the natural habitat of fishes.

is an underlying medical condition that calls
for further evaluation. Ecological conditions
influenced fish by intake of food and oxygen
that transport through circulatory by the
blood chiefly carrying potential pathogen,
infections, pollutants changing hematological
and serological conditions of fish (Benli
& Yidiz, 2004; Job et al., 2015).
In
addition, industrial and municipal waste
discharges into the lake habitats elevated
serum enzymes, contributing to pervasion
of the chemical composition of protein,
lipid, and mineral content of meat fish and
aspartate amino transferase was suppressed
in fish caught from waters with the highest
metal concentrations (Adham et al., 2002).

2
2.1

Methods
Study Area

The fish samples were collected from two
different habitat types and places from the
earthen fish pond in Matabao, Beunavista,
Agusan del Norte and Lake Mainit Surigao
del Norte. The respective coordinates were
obtained using geocam mobile application
and a map was generated and presented in
Figure 1.
The reared fish Oreochromis niloticus
samples were obtained from human-made
earthen pond considerably a small fish
habitat estimated one hectare with 3-meter
water depth in plain land surrounded by
minimal shrubs and coconut plants away
from residences. While the wild-type samples
obtained from Lake Mainit typically with
a total area of about 17,060 hectares and
with a lakeshore total length of 62.10 km.
The lake divided almost equally between
the provinces of Agusan and Surigao del
Norte. It falls within the jurisdiction of the
municipalities of Mainit, Alegria, Kitcharao,
and Jabonga. About 31 barangays in the
four-lakeshore municipalities are dependent
on the lake for food and livelihood (LMDA
2010). The lake is known in the region for
its rich fish resources, active navigation for
fishing and surrounded with low to high ridge
mountains with diverse plants and active
small and large-scale mining were observed in
the nearby and upper part of the lake basins.

Furthermore, as with other animals,
normal variation from intrinsic or extrinsic
factors affecting blood values may be
evaluated by clinical hematology as a
diagnostic tool and economical technique in
detecting disease or identifying a change
in fish condition (Grant, 2015). This is
important in determining the health of fish
since destruction of hemoglobin, decrease
in erythrocytes and hematocrit amount can
be considered as the indicator of anemia.
Erythrocyte sedimentation quantity gives
information about the existence of the
disease. Total leukocyte count and type
are used in the diagnosis of disease and
additive in fish feed touch on hematological
parameters of fish (Yilmaz, 2015). Further,
a recent study revealed that the lengthweight of fish was used to determine the
growth, health and condition of fishes
affected by ecological factors (Talde et al.,
2008; Jumawan & Seronay, 2017; Dumalagan
et al., 2017; Saura & Andante, 2018).
This study aimed to evaluate and
compare Oreochromis niloticus reared in
earthen pond, Buenavista, Butuan City,
Agusan del Norte and wild-type from Lake
Mainit, Surigao del Norte, Philippines
as to hematological values and taking
into their allometric growth and provide
relevant insights in the condition of fishes
respectively. The age of the fish samples
and physico-chemical of each habitat were
not included in this study. Furthermore,
this will provide knowledge to the people

2.2

Research Design

The focus of the study was the hematology
of the reared and wild-type Nile Tilapia, O.
niloticus from pond and lake respectively
including the allometry and condition of the
samples. Fish blood samples analysis were
sent and done in the Butuan Veterinary
8
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Figure 1. The locale of the collection of Oreochromis niloticus samples with respective coordinates: (A)
Lake Mainit for wild-type, (b) Earthen pond for reared samples.

Clinic, Butuan City, Agusan del Norte, remove excess water. Blood sample collection
Philippines.
Descriptive and inferential was referred to RT-7600 Auto Hematology
Analyzer User Manual. A heparinized tube
statistics were employed for data analysis.
was used to collect blood from samples and
was flowed to the vials with a volume of
2.3 Collection and Data Gathering not less than 0.03mL. Then the vials were
There were two types of fish samples in tightly closed, shaken upside down slowly
the study; reared and wild-type O. niloticus seven (7) times and rotated in a test tube
and the collection of fish samples were for 3 minutes, labeled and photographed for
done in separate date and employed random documentation. Hereafter, blood analysis of
sampling. The reared samples were taken the fresh blood samples were immediately
on May 3, 2018 with fifteen (15) individuals analyzed through RT-7600 Auto Hematology
with one (1) female and fourteen (14) male Analyzer machine one at a time.
from the contacted caretaker of fish pond
farm in Matabao, Buenavista, Agusan del
Norte. The wild-type samples were taken on
May 12, 2018, with fifteen (15) individuals
with nine (9) females and six (6) males
from pre-identified local fisher folks using
fish gill net used in line fishing at Lake
Mainit, Surigao del Norte. Sexing was done
by examining the genital papilla of the Nile
Tilapia samples. A total of thirty (30)
O. niloticus was collected and identified by
image verification in fishbase.org and the
collection of samples was done once only.
The respective fresh fish samples were
placed in a pail and traveled alive after each
collection to the pre-identified laboratory for
blood analysis. In general, each fish sample
was weighed using a digital weighing scale
and measured from mouth tip to caudal
fin for the fish total length. Then the
fish was wiped and dried with a towel to

2.4

Data Analysis

Ecological aspects of the area were described
through ocular observation. Furthermore,
the results of the blood analysis were
consolidated and interpreted. The allometry
determination was determined using the
equation W= a Lb (Pauly, 1983). The
result was interpreted using linear regression
values of Riedel, et al.
(2007) and
Pearson Correlation was used for r 2 values
and coefficient of determination with their
corresponding interpretation. ANOVA was
used to determine statistical differences of the
blood parameters between two samples.
9
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Results and Discussion
Length-Weight Relationship

The length and weight of 15 reared and 15
wild-type O. niloticus collected in the month
of May, 2018 from pond and Lake Mainit
respectively were presented in Table 1. As
shown in Table 1, wild-type samples showed
longer length in centimeter and heavier
weight in grams compared to the reared O.
niloticus.
Furthermore, Pearson correlation revealed
b value is equal to 2.603 and r 2 is 0.884
of reared fish samples which means that
reared fish samples have negative allometry
and there is very strong positive relationship
while wild-type fish samples have the b
value of 1.246 and r 2 is 0.599, this showed
that wild-type samples also have negative
allometry and strong positive relationship.
This means that in both O. niloticus samples,
as their body length will increase, the body
weight also increases provided that the body
is slender type.
Furthermore, scatter split graph (Figure 2)
of the correlation analysis showed that there
is a significant difference on the growth in
terms of length and weight of the reared and
wild-type fish with the p value is 0.001. As
shown in figure 2, reared O. niloticus fish
have larger b values in length and weight
growth than the wild fish because they
were fed occasionally with supplementary
feed with high nutrient and minerals than
wild-type that needs to hunt or find for food
which much needs more energy than the
reared fish. Moreover, the wild fish have high
possibility of diet shifting unlike reared fish
which is supplemented only. Though the O.
niloticus is omnivore but some study revealed
that shifting to vegetarian during adult stage
most likely influenced body index of fish. In
addition, wild-type fish have complex habitat
than in pond.
According to Viadero (2005), the health
and consequent growth of fish are openly
associated with the class of water in which
the fish are raised.
In general, factors
affecting fish growth and production in
freshwater aquatic systems can be classified
as physical, chemical/biochemical, or a

combination thereof. The physical properties
of water which are important to fish
production and growth include temperature
and the concentrations of suspended and
settle able solids; important chemical
parameters include pH, alkalinity, hardness,
and metals. Similarly, study indicates that
Nile tilapia in Lake Wamala displays a typical
selected reproductive strategy, by growing to
a small size, maturing faster and feeding on
different food types, in order to survive high
mortality rates under unfavorable conditions
attributable to higher temperatures, low
rainfall and low lake water levels (Vianny
et al., 2015). In this study, it assumes
that fluctuation on the water temperature
of Lake Mainit also affects fish growth
(Tumanda et al., 2003). The temperature of
cultivation influences the description growth
of Red, GIFT and Supreme tilapia strain. It
changes the age and weight at the inflection
point and the qualities of exponential and
Gompertz growth model fits, changing the
variation of batch (Santos et al., 2013). In
addition, current facts propose that genes,
hormones and physiological conditions of
the individual fish are likewise similarly
significant endogenous regulators of growth
(Dutta, 1994).

3.2

Blood Analysis

The hematological examination was done
in thirty (30) fish samples of O. niloticus;
fifteen (15) reared in pond and fifteen
(15) wild-type taken only the eleven (11)
selected blood parameters. Comparison of
the means of eleven (11) selected blood
parameters and significant differences were
presented in Table 3. The values of each
selected blood parameters were provided
by the RT-7600 Auto Hematology Analyzer
which revealed that the reared O. niloticus
has higher blood values such as White
blood cell, Lymphocyte, Intermediate Cell,
Red Blood Cell, Hemoglobin and Mean
of Corpuscular Hemoglobin (MCH) and
Corpuscular Volume (MCV) and Hematocrit
percentage compared to wild-type from Lake
Mainit fish samples with high only in
Granulocyte, Mean Corpuscular Hemoglobin
Concentration (MCHC) and Platelet.

10
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Table 1. The total length and total weight of reared and wild-type Oreochromis niloticus
TOTAL LENGTH (cm)
TYPE OF
n
SAMPLES
Reared
15
(pond)
Wild-type
15
(lake)
n=number of samples

TOTAL WEIGHT (g)

Range

Mean

SD ± SE

Range

Mean

SD ± SE

17.5 - 23

20.97

1.6 ± 0.41

100 - 200

157.33

32.3 ± 8.3

21 - 27

23.60

1.65 ± 0.42

180 - 260

216.67

24.7 ± 6.37

Figure 2. Graph of the split linear scatter plot of log total length and log total weight of O. niloticus
Table 2. The range and reference interval selected blood values of
reared and wild-type O.niloticus

Selected
Blood Parameters
White blood cell (10ˆ9/L)
Lymphocyte (10ˆ9/L)
Intermediate cell (10ˆ9/L)
Granulocyte (10ˆ9/L)
Red blood cell (10ˆ12/L)
Hemoglobin (g/L)
MCHC (g/L)
MCH (pg)
MCV (fL)
Hematocrit (% )
Platelet (10ˆ9/L)
n=Number of samples

Reared
(15 n)
0.80 - 109.80
0.50 - 99.20
0.20 - 5.90
0.10 - 6.20
0.08 - 2.43
9.00 - 124.00
350.00 - 158.00
44.40 - 200.00
117.60 - 132.60
0.90 - 31.20
0.10 - 58.00

The present study provides the range of
selected blood values of reared pond and
wild-type as shown in Table 3. Most of
the values in terms of minimum wild-type

Wild-type
(15 n)
1.10 - 86.80
0.70 - 73.30
0.20 - 5.80
0.20 - 11.00
0.19 - 1.75
14.00 - 85.00
341.00 - 1338.00
42.30 - 82.30
11.80 - 136.10
1.20 - 22.70
13.00 - 276.

observed high minimum than reared fish but
in general pond reared fish have high blood
values than wild-type from Lake Mainit. The
total erythrocyte count, hemoglobin rate,

11
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hematocrit percentage, Mean Corpuscular
Hemoglobin (MCH), Mean Corpuscular
Hemoglobin Concentration (MCHC), Mean
Corpuscular Volume (MCV), organic defense
blood cell percentages (leukocytes and
thrombocytes) and hepatosomatic and
splenosomatic index were determined. The
results showed that there were changes in
the erythrocytic series and in organic defense
blood cells, in the fish infected with the
bacterium, with reductions in erythrocytic
variables and significant increases in the
numbers of circulating lymphocytes and
neutrophils.
The hematocrit percentage,
hemoglobin rate and erythrocyte count are
good indicators for the oxygen transportation
capacity of fish, thus making it possible to
establish relationships with the oxygen
concentration available in the habitat and
the health status of these fishes (Sebastiao
et al., 2011).

cause low oxygen available in the container
during travel time while sampling.
However, according to Witeska (2013),
low RBC due to bacterial, fungal, viral
and parasitic infections, folic acid deficiency,
exposure to high levels of nitrites found in the
water for an extended period of time will lead
to anemia which is associated to low platelet
count in both samples. MCHC, MCH, and
MCV were relatively high. According to
Duman & Sahan (2017), a high MCHC, MCH
and MCV value is often present in conditions
where hemoglobin is more concentrated
within the red blood cells due to less oxygen
available. It can also occur in conditions
where red blood cells are fragile or destroyed,
leading to hemoglobin being present outside
of the red blood cells causing autoimmune
hemolytic anemia which is a condition that
occurs when the body develops antibodies
that attack the red blood cells. This causes
fatigue, paleness and weakness. Hematocrit
is higher in the wild fish though lower RBC
compared to reared fish and this may be
because of the travel time from sampling
sites to the clinic which increases cardiac
activity. This supports the study of Filho,
et al. (1991) that doubling the hematocrit
values, the viscosity (n) and flow resistance
(R) of blood is also doubled, according
to Pouseille’s equation, thereby increasing
the cardiac work in teleosts. Furthermore,
Gabriel, et al. (2011) opined that sex and size
have some degree of influence on the blood
characteristics of O. Niloticus. According
to Bittencourt, et al.
(2003) the large
variation in hematological and biochemical
parameters obtained emphasizes the need of
more extensive study with a large number
of animals to confirm whether age, sex,
environmental and disease conditions modify
these hematological and biochemical profiles,
before the establishment of normal values for
healthy O. niloticus. In addition, Palikova,
et al. (2010) stressed that the exposure of
the Nile tilapia to the environment containing
cyanobacterial water bloom influenced only
some biochemical indices.

It can be gleaned on Table 4, that WBC,
lymphocytes, intermediate cells, MCHC,
MCH, MCV observed above the reference
interval in both reared and wild fish. While
the granulocytes, hemoglobin, hematocrit
and platelets were below the reference
interval. Further, the most important blood
parameters to consider are the WBC and
Lymphocytes recorded as the second highest
mean and above the interval reference as
shown in Table 4. Then the lymphocytes
of reared fish recorded higher compared to
the wild-type O. niloticus. This implies
that the pond reared fish samples are
exposed to pathogens and infections. This
conforms to the study of Weinert, et al.
(2015), that high WBCs and lymphocytes
is a prognostic indicator of pathological
conditions in fish. This case of farm raised
fish is more prone to infection and disease
due to high risk of exposure to pollutants
from commercial feeds contamination, PCBs,
and antibiotics. Hemoglobin found the most
abundant blood cells in this study both in
wild and reared type of fish. According to
Pittman (2011), higher hemoglobin increases
blood thickness or viscosity and not enough
The present study entails that differences
oxygen is transported to tissues. Red blood
cells recorded as the lowest means of blood of the growth of O. niloticus due to the food
components in the fish samples and this may availability since reared type is provided with
12
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Table 3. The reference interval and significant difference of the comparison means of the selected blood
values of Reared and Wild type O.niloticus.

SELECTED

*Reference

Reared Fish

Wild-type
fish
Mean & SD

**Significant

BLOOD
Interval
Mean & SD
difference
PRAMETERS
(p < 0.05)
White blood cell
4 - 10
65.24 ± 40.56
30.39 ± 24.30
0.008
(10ˆ9/L)
Lymphocyte (10ˆ9/L)
0.6 - 4.1
58.73 ± 36.88
26.09 ± 21.05
0.006
Intermediate cell
0.1 - 1.8
3.44 ± 2.04
2.00 ± 1.70
0.045
(10ˆ9/L)
Granulocyte (10ˆ9/L)
2.0 - 7.8
03.07 ± 1.96
2.99 ± 3.14
0.863
Red blood cell
3.8 - 5.8
1.57 ± 0.88
0.95 ± 0.57
0.031
(10ˆ12/L)
Hemoglobin (g/L)
110 - 165
72.73 ± 43.27
47.13 ± 25.63
0.059
MCHC (g/L)
320 - 360
517.87 ± 332.54 527.00 ± 269.81
0.935
MCH (pg)
26.5 - 33.5
65.49 ± 41.41
53.63 ± 12.55
0.298
MCV (fL)
80.00 - 99.00
127.00 ± 3.65
104.15 ± 33.69
0.014
Hematocrit (% )
30.00 - 50.00
20.05 ± 11.26
11.40 ± 7.69
0.020
Platelet (10ˆ9/L)
100.00 - 300.00
3.65 ± 14.12
91.80 ± 84.54
0.001
Legend: n=number of samples, nd-no data, MCHC-Mean Corpuscular Hemoglobin Concentration,
MCH-Mean Corpuscular Hemoglobin, MCV-Mean Corpuscular Volume.
*provided by the RT-7600 Auto Hematology Analyzer.
**Significant at 95% confidence level.
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