








16 ISR G NI 3548
20 um 20 um 20 um
20 pm 20 pm 20 pm

ER. £L4Hf1;MO. BURZAHHENE. WPk SL. /NS LL. KA THR. ARAHHE >R Wright-Giemsa J4ff,,
ER. Erythrocyte; MO. Monocyte; NE. Neutrophil; SL. Small lymphocyte; LL. Large lymphocyte; THR. Thrombocyte; Using Wright—

Giemsa staining.
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Plate I The microstructure of peripheral blood cells of normal-temperature Nile tilapia
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Giemsa staining.
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Plate I The microstructure of peripheral blood cells of high-temperature Nile tilapia
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Tab.1 The sizes of different types of blood cells in the normal-temperature group and the

high-temperature group of Nile tilapia m
iR el Wil o ik
Normal-temperature High-temperature Normal-temperature High-temperature
%}ﬁ o ik K- 4% A 42 ) e i 42 )
, it ARRE e geme BRSO OPRE g Bists
arameters Long Short . . Long Short . .
. . Long diameter Short diameter . . Long diameter Short diameter
diameter diameter diameter diameter . .
of cell of cell . . of nuclei of nuclei
of cell of cell of nuclei  of nuclei
ZL4 o - - -
12.37+0.51 9.06+0.54  11.34+0.37 8.46+0.45 6.74+0.39  4.55+0.33  4.27+0.24 3.19+0.21
Erythrocyte
BfLR 200 M " " - -
13.40£0.96  10.74+0.97  11.96+0.69 9.92+0.74 7.58+0.98 6.23+0.90  6.75+0.87 5.46+0.83
Monocyte
W e sy 4 - s o
i fi*\/:,ﬂﬂﬂﬁ 12.94+0.85 10.46+0.92  12.08+0.95 10.15+0.94 6.66+£0.96 5.37+0.87  5.98+0.93 4.59+0.89
Neutrophil
/N L A A .
6.84+0.51 5.97+0.59 6.79+0.66 5.98+0.65 4.43+0.92 3.80£1.00 4.76+0.41 4.08+0.44
Small lymphocyte
b Eulial
Sk AN 8.11+0.86  7.14+0.99 8.1440.72 7.134+0.82 5.55+£0.85 4.86:£0.92  5.76+0.53 4.93+0.47
Large lymphocyte
1 24 i .
7.18+0.62  5.85+0.70 7.2140.68 5.56+0.60 4.7840.75 3.81£0.75  4.94+0.68 3.87+0.64
Thrombocyte

TE * [al— IR w2 5 0 IR AR HE 22 57 1035 (P<0.05) 5% 22 5l 1 35 (P<0.01) .
Notes: *. There are significant differences between the high-temperature group and the normal-temperature group during the same period (P<
0.05) ; **. Extremely significant differences (P<0.01).
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Fig.2 The size of blood cell bodies and nuclei of Nile tilapia under normal and high-temperature conditions
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1-3 represents the microstructure of the spleen tissue from the normal-temperature group, using H. E staining; 4-6 represents the

microstructure of the spleen tissue from the high-temperature group, using H.E staining. Ca. Capsule; WP. White pulp; RP. Red pulp; C.

Splenic cord; S. Splenic sinus; EC. Endothelial cells; Lym. Lymphocyte; RBC. Erythrocyte; MM. Melano-macrophage; MMC. Melano-

macrophage center.
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Plate [ Microstructure of the spleen tissue of Nile tilapia under different temperatures
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1-3 represents the microstructure of the liver tissue from the normal-temperature group, using H. E staining; 4-6 represents the

microstructure of the liver tissue from the high-temperature group, using H.E staining. HC. Hepatocyte; HS. Hepatic sinus; HP. Hepatic
plate;RBC. Erythrocyte;N. Nucleus; VA. Cellular vacuoles; MM. Melano-macrophage.
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Plate IV Microstructure of the liver tissue of Nile tilapia under different temperatures
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Effects of long-term high-temperature domestication on the hematology of
Nile tilapia (Oreochromis niloticus)

LIAO Pingde'?, LIN Yichuan'?, ZHANG Wenna'?, JIANG Shouwen>*, XU Qianghua'*"

(1.College of Marine Living Resource Sciences and Management, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Ocean Fisheries Resources, Ministry of Education, Shanghai 201306,
China; 3. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai 201306,
China; 4.Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai
Ocean University, Shanghai 201306, China)

Abstract: In order to understand the effects of long-term high-temperature on blood-related indexes and
tissue structure of Nile tilapia (Oreochromis niloticus) , tail vein blood analysis and microscopic
observation techniques were used to compare the hematological parameters and microstructural changes of
the spleen and liver of Nile tilapia at normal-temperature (28 °C) with those at long-term high-temperature
domestication (34 °C ). The results showed that the number of erythrocytes and hemoglobin content of
tilapia in the high-temperature group were significantly higher than those in the normal-temperature group;
although the morphology of hemocytes did not show any difference between the two groups of temperature
conditions, the sizes of erythrocytes, monocytes, and neutrophils tended to decrease significantly in the
high-temperature group. In addition, observations of tissue sections showed that long-term high-
temperature domestication led to an increase in the number of erythrocytes, an expansion of the red pulp
area, a relative decrease in the white pulp area, and an increase in the number of melano-macrophage in
tilapia spleen tissues, as well as an intensification of hepatocyte vacuolization and an increase in the
number of melano-macrophage in liver tissues. These results indicated that the long-term high-temperature
environment had significant effects on blood indices and hematopoietic tissues of Nile tilapia, and it was
hypothesized that they adapted to the high-temperature environment by regulating their hematopoietic
function and immune response. This study provides an important reference for understanding the
physiological adaptation mechanism of Nile tilapia under long-term high-temperature, and also provides a
scientific basis for tilapia aquaculture practice in the context of global warming.
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