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Tab.1 Haematological parameters in Mylopharyngodon piceus of different body length
1 2 3 4 5
/ 7 15 11 10 18
/em 10.9 0.5 16.0 +0.3 18.8 0.2 21.8+0.3 24.9 +0.5
/g 24.7 +£3.4 74.4 £3.8 120.9 £3.3 175.5 5.1 264.6 +15.2
/ x10° - mL™! 1.81 +0.24 2.37+0.24 2.20 +0.26 2.58 +0.80 2.42 +0.98
/m 14.1£0.2 14.4 0.1 14.3 +0.2 14.3 +0.1 14.4 £0.5
/m 9.0+0.1 8.9x0.2 9.7+0.2 9.3+0.2 9.0+0.1
/pm’ 90.9 +1.7 94.3+2.2 99.3 £3.1 97.1x2.1 97.3+1.2
/ mg- mL™' 63.6+3.7" 83.5+2.6" 85.0+3.4" 85.0+3.6" 90.4 +2.4"
/ mg- mlL™' 48.8 +17.4 45.4 +£8.0 54.3+14.3 37.9£6.8 57.8£14.4
p<0.05
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Fig.1 The relationship between body length and
hemoglobin content in Mylopharyngodon piceus
3
2
9.7 ~ 3
31920

14.6 um 6.3 ~10.3 pum
1.01 x10° ~3.98 x10° - mL™'
21.0 ~115.9 mg- mL™"'”"

Savage
21



40

http //www. cqnuj. cn 30

10

11

Bahmani M Oryan S Pourkazemi M et al. Effects of ecophysi-
ological stress on cellular immunity system of Persian sturgeon
Acipenser persicus R . Tehran 14th Iranian Congress of Phys-
iology and Pharmacology 1999.

J. 1998 22 1 3945.
Yuan S Q Zhang Y A Yao W ] et al. Micro and ultra-struc-

ture of peripheral blood cells of the mandarin fish Siniperca

chuatst  Basilewsky ] . Acta Hydrobiologica Sinica 1998
22 1 3945.
J. 1993 17 1 404s.

Guo Q L Lu Q Z. Observation on the development of blood
cells in kidney and spleen of grass carp J . Acta Hydrobiolog-
ica Sinica 1993 17 1 4045.

Wakefield A M Cunjak R A Kieffer ] D. Metabolic recovery in
Atlantic salmon fry and parr following forced activity J . ]
Fish Biol 2004 65 4 920-932.

Goolish E M. The scaling of aerobic and anaerobic muscle
power in rainbow trout J . J Exp Biol

1989 147 493-505.
Luo Y P Wang Q Q. Effects of body mass and temperature on

Salmo gairdneri

routine metabolic rate of juvenile largemouth bronze gudg-

. J Fish Biol 2012 80 4 842-

eonCoreius guichenoti ]

851.

1997 92 5 16-18.
Chang Q Xiong B X Long L Q. Biochemicalcomponent analy-
sis of blood on Anguilla japonica J . Reservoir Fisheries

1997 92 5 16-18.

J. 2006 41 1 94-99.
Zhao H'T Zhang Q Z Zhao H P et al. Comparative study on
hematological indices in larval and adult southern catfish J .

Chinese Journal of Zoology 2006 41 1 94-99.

J. 1979 6 4 453-464.
Zhao M ] SuZ G Huang W Y et al. Studies of haematological
parameters on grass carp and common carp J . Acta Zoologica

Sinica 1979 6 4 453-464.

1982 4 10-16.
Mi R F. The measure ofhaematological parameters on grass
carp common carp and chub J . Freshwater Fisheries 1982
4 10-16.

1985 31 4 336-342.

12

13

14

15

16

17

18

19

20

21

Lin G H Zhang F W Weng S C. Hematological studies on the
grass carp Ctenopharyngodon idellus J . Acta Zoologica Sini-
ca 1985 31 4 336-342.
. L.

J . 1985 9 3 248-
256.
Zhu X L Jia L Z Zhang M Y. Haematological studies on the
grass carp [ .year-round changes in nine haematological pa-
rameters J . Acta Hydrobiologica Sinica 1985 9 3  248-
256.

J . 2011 33 6 69-73.
Lin Y H Luo Y P. Influence of aerial exposure on hematolog-
ical parameters of the southern catfish Silurus meridionalis
J . Journal of Southwest University Natural Science Edi-
tion 2011 33 6 69-73.
J. 1983 14 1-10.
Zhu X L Jia L Z Zhang M Y. Introduction of commonhema-
tological test methods of grass carp J . Communications of
fish diseases 1983 14 1-10.
Handy R D Depledge M H. Physiologicalresponses their
measurement and use as environmental biomarkers in ecotoxi-

cology J . Ecotoxicology 1999 8 329-349.

1983 8 1 85-95.
Xu H Zhang Z Y. The fine structure of blood cells in four
species of fresh water fishes J . Acta Hydrobiologica Sinica
1983 8 1 8595.
Graham M S Haedrich R L Fletcher G L. Hematology of
three deep-sea fishes A flection of low metabolic rates J .

Comp Biochem Physiol 1985 80 1 79-84.

J. 1998 22 1 9-15.

Lin G H Zhang F W Hong Y J et al. Hematological study of
two-years old silver carp Hypophthalmichthys molitrix and
bighead carp Aristichthys nobilix ] . Acta Hydrobiologica
Sinica 1998 22 1 9-15.

J. 2007 3 1 48-53.
SuYL XuL W Feng J et al. Study on the morphology of
peripheral blood cells of juvenile cobia Rachycentron canad-
um J . South China Fisheries Science 2007 3 1 48-53.
. J.
2009 28 1 7-12.
Ge W Hong W S Zhang Q Y et al. Study on the haemocyte
of Chinese black sleeper Bostrichthys sinensis J . Journal of
Oceanography in Taiwan Strait 2009 28 1 7-12.
Savage VM Allen A P Brown J H et al. Scaling of number
size and metabolic rate of cells with body size in mammals

J . PNAS 2007 104 11 4718-4723.



Vol. 30 No. 1 Journal of Chongging Normal University Natural Science  http //www. cqnuj. cn 41

Animal Sciences

Effect of Body Length on Haematological Parameters in Mylopharyngodon piceus

ZHANG Yu-rong HUANG Qing-da LIU Shu-ting WANG Wen LUO Yi-ping
Key Laboratory of Freshwater Fish Reproduction and Development Ministry of Education
Southwest University Chongging 400715  China

Abstract Sixty-one grass carp  Mylopharyngodon piceus ~ body length L ranges 9.4 ~30. 7cm  were sampled and divided into 5 groups
according to body length. Red blood cell number RBC  major axis minor axis area and serum hemoglobin content Hb  were meas-
ured respectively. The results showed that the mean value of RBC was 2.33 x 10°mL ™" major axis was 14. 3um  minor axis was 9. 2pm

area was 96. 1 wm’ and Hb was 83. 77mgmL~". Tt increased with the increasing L and the relationship between Hb and L can be described
as Hb=1.47L+55.1 n=61 r =0.307 p<0.01 . RBC major axis minor axis and area did not change with the increasing body
length. Both RBC and major axis were positively correlated with Hb p <0.05  while minor axis was negatively correlated with RBC p <
0.05 . It indicates that the oxygen carrying capacity of blood of grass carp increases with the increasing body length. The number of the el-
liptical red blood cell tends to increase as Hb and RBC increases.

Key words Mylopharyngodon piceus haematological parameter body length hemoglobin red blood cell

Long-Term Monitoring of Environmental Change in German Towns through the Use of
Lichens as Biological Indicators Comparison between the Surveys of
1970 1980 1985 1995 2005 and 2010 in Wetzlar and Giessen

Ulrich KIRSCHBAUM'  Rainer CEZANNE®  Marion EICHLER®  Klaus HANEWALD®  Ute WINDISCH*
1. Forsthausstr. 7a  Wettenberg 35435 2. Kaupstrafle 43  Darmstadt 64289 3. Schiitzenstrale 45 Taunusstein
65232 4. Technische Hochschule Mittelhessen Fachbereich KMUB ~ Wiesenstr. 14 Giessen 35390  Germany

Abstract In the years 1970 1980 1985 1995 2005 and 2010 lichen mapping in the towns of Wetzlar and Giessen in Hesse was per-
formed. The aim was to show the effects of immission load. Despite the application of modified test methods during the study period the
results can still be compared directly because they could be adapted to the requirements of the guidelines of the Association of German Engi-
neers. Even the earlier study results could be interpreted partly within the scope of the guidelines. Parallel to the lichen mapping compar-
ative examinations of pH on tree bark were carried out. In both towns the pH of the tree bark has been increasing continuously presently
almost reaching pre-industrial values. The increase was stronger in Wetzlar than in Giessen. In 1970 the lichen vegetation showed a com-
plete depletion. Since then the number of species has risen significantly. This development happened faster and more intensely in Wetzlar.
The comparison of the lichen vegetation between 1970 and 2010 also shows an increased existence of species that are favored by hypertrophic
air contaminants. In the 2010 survey some species considered as being promoted by global warming were found for the first time. The in-
crease of the bark pH can be explained by the decreasing acid pollution primarily SO,. This is also assumed to be the main cause for the
increasing number of lichen species. An explanation for Wetzlars advantage is that the acid pollutants had been neutralized by a local indus-
trial emittent of lime dust. With the reduction of dust emissions in Wetzlar due to the installation of filters the bark pH in both towns stead-
ily converged in the reference period. An examination of pre-industrial lichen studies shows that in both towns the original state of lichen
vegetation has not been restored yet.

Key words effects of air pollution biological measuring technique VDI guideline lichens pH tree bark lichen diversity climate

change long-term monitoring
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