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Effect of nitrite on mortality and innate immunity response of black tiger shrimp

(Penaeus monodon) reared in low-salinity water in simulated earthen pond
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Abstract

The objective of this study was to investigate effects of nitrite on mortality and immune response
of juvenile black tiger shrimp, Penaeus monodon (average weight = 5.840.9 g and average length =
10.4£1.1 cm) cultured in low-salinity water (10-12 ppt) at 23-25 °C, pH 7.1-7.7, and dissolved oxygen
5.5-7.8 mg/mL. Black tiger shrimp were divided into 2 treatments including control (no any addition) and
treated shrimp (addition of 10-mg/L nitrite solution) and cultured for 21 days. Cumulative mortality of un-
treated shrimp was significantly (P<0.05) lower than that of the nitrite-treated shrimp, which were
28.671£5.03% and 34.67+5.03%, respectively, at the end of experiment. Nitrite affected innate immunity
response of the shrimp observed by a decrease in total haemocyte count and phenoloxidase activity,
and conversely a significant (P<0.05) increase in lectin and lysozyme activities. Our results demonstrated
that culture condition with high nitrite concentration over acceptable value for shrimp cultivation in low-
salinity water (>4.5 mg/L) caused an increased mortality and a suppression of the innate immune ability
of juvenile black tiger shrimp.

Keywords: Penaeus monodon, Nitrite, Immunity, Lysozyme, Phenoloxidase
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a

Awonden lHun ArAadunga-Ane BuIneenFauaraIaul ANNANLATAMUNE (Zweig et al.,

a
'

1999) Taaifsunaunvinliiffenananscazuainasa 910e Tuda Tnaa1an Suguuazdodnliiuaisuiu 24
d9Tue peliduduauazaniia (lethal dose at 50%; LD,,) HANWNL 5.00, 13.20, 20.65, 61.87, 215.85
waz 218 AadNnTuAeART MNATAL (Chen and Chin, 1988; Chen and Lei, 1990; Chen et al., 1990) uaz

o A o

P a a vy o o oA A & N al o o
AAMHLANAU 10 HARANTUARARNT qusl,ﬁﬂﬂ"ll’]‘ﬁ:iﬂmilﬁ:uﬂ/lL@H\‘W]ﬂ’NNLﬂN 8 NNN mﬂmummﬂu 209U
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(Furtado et al., 2016) {83z UUWIzIAsINsazanaaslulasiunInTuas inliszuumalagaafs
aauun NanalasuilasBuiuarsdatuanaluinden wu hlsiuuazninaciludasy nscfuliiina

o a

nazatneandiauluiden (hypoxia) N19ineIusesssLU)RANudauLe denaliifisiuaunsuay
wiryivinanas Winanllunsingenalsauaziduaimnnisaneesfiaduaiuaunin (Xian et al.,
2011; Romano and Zeng, 2013)
syuunRANTuesiautiveaniu 2 ssuundn 1Hun ssuuniduiunenduisad (cellular immunity)
Ay o & A . . o = ax ANy o o a o
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=2 dl o a Yy o b4 1 ‘ﬂl % a
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2. NMSAATIZMAUNININ

Wudaetreun lutamnziaasfianaian luduEusiunimaass 5uil 7, 14 Uag 21 29301990889
Tasdnamunind 1aun Araouilunsa-Aefiaaiasad pH meter (Metrohm 913, Metrohm AG, Herisau,
Switzerland) 1sNNueaNTFLAuazA18TN (dissolved oxygen) auunduazANiAn Tnaldiasasiiodn
ATUNTINUN YSI Model 85/10 FT (YSI, Yellow Springs, OH, USA)  sauiadiasnziifsunaslulnsilumibos
wmAdia diazotization tneldansazanelamnanlulnsiiduaisazateninsguuazinAinisganauuassios
weasdlalns I inRme i mauenaAan 540 W Tuwms (Strickland and Parsons, 1972)
3. NMSAATIZANTANLRSANTRININAIAN

TunnanuaufianatafaslulAazduauasuszazioan 21 JuTaIN1ImMAae ATUIUNITANE
AZANTBITNNAIAT (%) TUTUBNAUNITMAGDY WazIUN 7, 14 UAZ 21 1BININAADS
4. NM5IATISIMIABLRUBIARTE UL RANNUTAE A TATRITaNaTm

aaLaanfianainIainliia (ventral sinus) faendn@aneniuasd 25G (Nipro hypodermic needle,
Osaka, Japan) tnaduifiufoatiiaanainfianaianinivas 10 fa Miaeisluteriuanuazianageay

:: o = A :/j v
AMNIURLUTNNdALAaATINMNA (total haemocyte count) A28l haemocytometer (Boeco, Germany) WAz
v 4 o % 1 A % a; & y n:l' n:l' @ ] al = dl
ndegaanssAd  dadnetaaeafeniuaetTurResianI13aan 3,000 sausawly e 10 w7
OIUNN 4 a9ANEALTEA LAULRNIZUILASA (hemolymph) 1131ATIzNANIINIAARY IAENAdaL
puaNTnlunsvinlidaldanuAn1zngy (hemagglutination test) luatululaslamas 4tin 96 g
ad - a 4 a o :// f—‘l”

ANNATN19U89 Tunkijjanukij et al. (1997) Aanssulalalad Tnaneagevfanssulalslallunisdudade
WLATY A Micrococcus lysodeiktikicus 231 turbidimetric assay LLﬁrﬂmﬁﬂuﬁmmmﬁmﬁmmm
asazanelalaladannldantueeln muAEaes Hikima et al. (2003) wazAanssuiewlmsilueaaandng Aae
wATlA Spectrophotometry AMNATNN9284 Perazzolo and Barracco (1997)
5. me’“ammzﬁﬁ'@gammaa

v dny A - s . -

foyanliuananaiudtadatAndaanuninsgiu Ingdinsvideyanieaiffoamaiia

Student's t test NzAUTEAATY P<0.05 Aaalilsunsu IBM statistics SPSS 15

a o
NAN15IaE
1. NFANLADININAIAN
y . ~ o d4d Ly o o
MNNAIAN TUTAAILANENNTANE AT ANDEITNINNGRLAY 0-28.6745.03 T9AINIeNaIAAeaTY
o d

1 dld 'S 1 a o o o aa ¥ alal 1 alld 'S al
vanaaesnillulnsigeasneliiad1Anyniead (P<0.05) fanarmfideslutennaesndlulasigaiuns

12 ' v '
a

ey 2 dalueresnismaans (5aaas 13.33+3.06) mﬂﬂumﬁuﬁ@m QuAAWINALSesaY 34.6745.03

luduR 21 289n19mMAaes (Figure 1)
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gg 1 W Control [ Nitrite-treated shrimp b a
30 4 b

25 4
20 4 b
15 - 1 a
10 4

Cumulative mortality (%)

2h 7d 14 d 21d
Duration

Figure 1 Cumulative mortality (%) of untreated and nitrite-treated black tiger shrimp during a 21-day

culture. Superscript letters indicate significant difference (P<0.05) between treatments.

2. ANAINUT LUNSINZIRENNNNAIAN

gruuni AMLAN ArANLTuNIA-AsuaziNI e enTIauara e lA IndiAeeiuluusiay

a o

doganuarlidanuanseivadelisd1Ayn19atia (P>0.05) serdvtianquanLazlianaani

aa

AABALIAINITNAAEY 21 9% TnaguuugiiA1egludae 23.03£0.02-25.07+0.02 kA 23.00+0.00-

al

25.60+0.00 4L maLTad A uLANalutae 10.33+0.54-12.00+0.00 LAY 10.00£0.00-12.67+0.27
AN Aonslunsa-rnalAnegludag 7.10£0.01-7.73+0.06 WaE 7.24+0.10-7.58+0.27 LAz /TN
@@n%wummﬂfﬁﬁﬁh@gluﬁm 5.500.29-7.83+0.10 LAY 6.67+0.24-7.82+0.39 HadnFnseans lulle
PILANUATLIENARDL ATNATAL %q@giu‘ﬁqqﬁmmmuﬁi@miﬁyﬂqﬁqmm (Van Wyk et al., 1999)
Sainansazaeulasiannadaiiu 10 Sedniusedns avudenudnBunadlulnsiinemadnly
meilu 2 Faluseanamaaed ﬁﬁﬁqqﬁqmwhﬁu 13.1620.14 fiadniusedng Faunnsnsesnefiiddnmis
AR (P<0.05) fiutemIuAN (3.01+0.61 Hadninsoans) antiu Bunndlulasiludenageusanadasing

pio el B gAlWIWN 21 199n1IMAa8Y (2.26+2.93 Aaaniusadns; Figure 2a)
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Figure 2 Concentration of nitrite in culture water (a) and total haemocyte count (b) of untreated and
nitrite-treated black tiger shrimp during a 21-day trial. Bars with letters indicate significant

difference (P<0.05) between treatments.
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between treatments.
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Abstract

This study was carried to observe guidelines for hatching efficiency enhancement of the
ovigerous female mud spiny lobster ( Panulirus polyphagus) under hatching conditions. Two
treatments used were female brooder hatching operation, i.e., without management (T1) and using
formalin and oxytetracycline (T2) in brooders before transferred to hatching tanks. In T2, brooders
were soaked in a 100 ppm formalin solution for 10 minutes and then soaked in a 50 ppm
oxytetracycline solution for 1 hour. Each treatment had 9 female broodstocks (n=9). The mean
carapace length (CL) and body weight (BW) of brooder in both treatments were 92.6+9.1 and
92.1+£7.5 mm, and 597.3+144.8 and 625.2+116.0 g, respectively. Results showed that the mean
hatching rate (HR) of brooder in T1 (18.7+12.6%) was significantly lower (p<0.05) than in T2
(33.0+10.8%). The brooder in T1 had a lower total number of phyllosoma larvae (164,571+146,874
larvae) than produced in T2 (250,500+135,799 larvae, p<0.05). In addition, analysis of correlation
showed that CL (r = 0.11, p>0.01) and BW (r = 0.02, p>0.01) were a negligible relationship between
HR of female mud spiny lobsters in the hatchery conditions. This study indicates that used formalin
and oxytetracycline in the ovigerous female can improve hatching efficiency enhancement.

Keywords: Mud spiny lobster, Female brooders management, Hatching rate
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Figure 1 Mud spiny lobster, Panulirus polyphagus (a)and characteristic of eggs attached to

pleopods on the abdomen of ovigerous female (b).
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(Table 1)

Figure 2 Protozoa, Zoothamnium sp. (ZO) were found mostly on egg shells of female mud spiny
lobster, P. polyphagus during hatching in T1, without brooder management (a) and characteristic of

normally eggs in T2, with brooder management using formalin and oxytetracycline (b).
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Table 1 Comparison of carapace length, body weight, fecundity, hatching rate and newly hatched
phyllosoma (mean+SD) of female mud spiny lobster, P. polyphagus in both treatments (n=9).
ltems Without brooder With brooder p-value
management (T1) management (T2)

Carapace length (mm) 92.6+9.1° 92.1+7.5° 0.91
Total weight (g) 648.0£165.2 683.2£134 .1 0.63
Body weight (g) 597.3+144.8° 625.2+116.0° 0.66
Eggs mass (g) 50.7+24.4° 58.0+£23.8° 0.52
Fecundity (eggs) 728,240+350,253° | 833,300+341,927 ° 0.53
Hatching rate (%) 18.7+12.6° 33.0+10.8 ° 0.03
Newly hatched phyllosoma (larvae) 164,571+146,874° | 250,500+135,799° 0.04

Note: Means within the same row with same superscripts are not significantly different (P>0.05).
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o ' a a

3 A % 0” o % 1=l 1 A [
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3 o algj s ¢ v e o o 'Y o
nenanwisaestiadeil luladnduiudiududnsinisinaesudfeianaiaunialulsanizin
(Table 2) @9UAIANNINUNTENTIINITIIEINUNATanganw wudn ArpunIntaslulsas

W3 A e NRA TR Il ANHLANFN AU AT AL LT UIE I8 ANIIMAADY (Table 3)

Table 2 The correlation between carapace length - hatching rate and body weight - hatching rate

of female mud spiny lobster, P. polyphagus (n=18).

Carapace length (CL) Body weight (BW)

Hatching rate (HR)  Pearson correlation (r) 0.11 0.02

p-value 0.66 0.94

Interpretation correlation  negligible relationship  negligible relationship
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Table 3 Water qualities (mean+SD.) in hatching tanks of mud spiny lobster, P. polyphagus in both

treatments.
Parameters Without brooder With brooder p-value
management (T1) management (T2)
Salinity (ppt) 31.81£0.9 31.1£0.8 0.13
Dissolved oxygen (mg/l) 4.2+0.39 4.3+0.5 0.62
Temperature (°C) 27.0+0.31 26.6+0.7 0.14
pH 8.4+0.1 8.4+0.2 0.78
Total ammonia (mg-N/I) 0.2+0.1 0.3+0.2 0.82
Nitrite (mg-N/I) 0.2+0.1 0.310.2 0.51
Alkalinity (mg/l as CaCO,) 151.918.4 148.0£11.9 0.43
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L‘ﬁ@ﬁﬂ‘]ﬂ’]ﬁ‘:ﬁﬁu AITHNUUN LLu'u‘ﬁl winnzanlunfrrugaladuRa w1 (Crossocheilus siamensis)
iensdenenlufeinelszinaifasldszazinanaudienauny Adldansuaunimeaesuunguaaan
(CRD) maszALAMNUUILLY 3 32A1 (3 TAnaaas) tHun 100,125 uay 150 Go/ans tasgardLAx
Lildussatan Taafanisussqanduiiennssunmaugnaededssunn 3.12 wufiuns asly
QINANARNTLA 25 LEURLIAS X 65 IURANAT TatnARAzvena 2 Ans uaziBineendiauadlluge aaniu
fhnefiussqdanduiiewnsudaussadlundestiaaune 30 x 45 x 60 wufuns® dnaastausaiy
naeanTzANE ATAEeRgnunTiTies Fn1maaes 3 sﬁ”qr;iﬂﬁqmwmm fudeyasmsnissen ilensy
IZHLAMARALNNTTUAS 38 FaTie WudINNIAREeTisTAUAMAMLLY 100,125 way 150 Fa/Ans &

o

8R91N1998A 99.33 +0.29%, 98.93+0.23% WAZ 98.73+0.23% (p>0.05) AMNAIAL TONAAUATNTIN

a Q

! o 1 IS IS v o o
NAULAZTUAINITNAADT WLANNNTANITNANDINAT DO kAL pH AAAY (p<0.05) TaalAMNAUNUSI

seauANIILY wazAnanTie Tulned uazlumImgaduiay pH anasyngan1Inaae (o< 0.05)

[
I o & o0

Nt 27-29°C Aninntininasuiandaendesedndin anniamasesd iviudiainnsaaug
UANAUHIWNTUA 3.12 [EURLNAT AL 150 AY/ART lugananainauin 25 imuLues x 65

EURNAT NBNIATTN 2 ARg HNeINA LazUssaaInaesiny Ngumgiivies IHsvazinaiuiu 38 dalug

a

[ %

ARnAnY: Uaduiauns, Crossocheilus siamensis, NMITUAILIANAENTN, NNTTUANRUA
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Abstract

To study the optimal density level of Siamese algae eater fish (Crossocheilus siamensis) for
long period transportation of exportation. The three treatments as followed the three density levels
using CRD as 100, 125 and 150 fish/L and without fish (control). The three replications were applied.
The experimental fish at 3.12 cm in average total length and in total weight were put in 25 cm x 65
cm plastic bags containing 2 L of cleaned freshwater, followed by adding oxygen and packing prior
to placed in 30 x 45 x 60 cm’ styrofoam box and covering with paper box at room temperature. After
transportation for 38 hrs, the results found that the survival rate of fish at density levels of 100,125 a8
150 fish/L were 99.33+0.29, 98.93+0.23 and 98.73+0.23 (p>0.05), respectively. Water qualities at
start and at the end of experiment found that pH and DO were decreased (p<0.05) while NH,-N,
NO,-N, and NO_,-N were increased (p<0.05) in all treatments and 27-29°C for water temperature. The
water quality in overview is safety for fish. This concludes that at density of 150 fish/L in 25 cm x 65
cm plastic bags containing 2 L of medium adding oxygen and packing in styrofoam box at room
temperature is an efficient transportation for Siamese algae eater fish (C. siamensis) during 38 hours.

Keywords: Siamese algae eater fish, Crossocheilus siamensis, ornamental fish transportation,

shipping
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NANSINE
ARTINN9TAARANE (Survival rate)

Lﬁ;@ayuzgmmimmﬂmimﬂ‘lﬁmm 38 1.4, WUdERIINIsenRneTesladuNewalunnganig
naaaaAAaudnegeluynganimnaes Inadldnsn19seanne 99.23+0.33%, 98.93+0.23% WAz
98.73+0.23% 1neldnsNN19IN1998AANLGIAN 1u°1;mﬂﬁimmmﬁﬁizﬁumﬁwmuw 100 Fa/@m9 weilad

WLANMNUANFANAUNNEADRA (0>0.05) 3endNTIANIINAALN (Fig. 1)
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Figure.1 Survival rate of algae eater fish after transportation for 38 hrs.
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= i & 1 e = 'S ]
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Table 1 Average water qualities at 0 hr and 38 hrs of transportation period.
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Densities (Fish/L)
Parameters Control at Control at 100 at 100 at 125 at 125 150 150
0 hr 38 hr 0hr 38 hr 0 hr at 38 hr at0 hr at 38 hr
Water temp. (°C) 27.0° 29.0° 27.0° 29.0° 27.0° 29.0° 27.0° 29.0°
Air temp. (°C) 29.0° 32.0° 29.0° 32.0° 29.0° 32.0° 29.0° 32.0°
pH 8.0+0.0" | 7.5+00" | 83+0.3" | 65+00° | 82+03" | 63+0.3° | 83+03" | 6.0+0.0°
DO (mg/l) 7.9+0.6° 8.140.6" 7.3+0.3° 5.5+0.0° 7.5+0.3° 5.0+0.5" 7.240.3° 4.2+0.3"
NH,-N(mg/l) 0.0140.00° | 0.01+0.00° | 0.01+0.00* | 0.23+0.01° | 0.01£0.00° | 0.28+0.03° | 0.01+0.00° | 0.28+0.03°
NO,-N(mg/l) 0.0140.00° | 0.01+0.00° | 0.0140.00° | 0.15+0.00° | 0.01+0.00° | 0.20+0.00° | 0.01+0.00° | 0.25+0.03°
NO,-N(mg/l) 0.10+0.00° | 0.10+£0.00° | 0.10+0.00* | 0.23+0.03° | 0.10£0.00° | 0.20+0.00° | 0.10+0.00° | 0.23+0.02°

Data represented as MeanS.E. Value in the same row with different superscripts are significantly different (p<0.05).

AANTUNANISTIAE

AnNANIMAReIAILART TN Lﬁfﬂﬁyuzgmwmm 38 dalusrean Imaaes §AsN19sER
mmmﬂmLé‘uﬁfamqﬁm@ﬂuqqﬁmﬂwmw,l,iiu 100, 125 uaz 150 Fa/ams 1 laiflpnnauAnanari
N9gDR lnedensn1ssenmnesesas 99.23+0.29, 98.93+023 LAY 98.73+0.23 ANNAGL(p>0.05) e
Guuinimmaaes i‘iﬂﬁ@muqﬁ 27°C LL@zLﬁ@E”uzgmmsmmmﬁqmvﬁ 29°C Faiflugasiimanzaniiu
ﬂﬁﬁfl‘sﬁLW’]ZLgH\iﬂ@ﬁMﬂV‘l‘/’ﬂﬂ 25-30 °C ( Boyd, 1990) ”Lum‘mm@mﬁywudﬂiﬁmma@ﬂ%mu@:mﬂﬁyﬁﬁ
niranadetadaRulunNgANIMAaeY (p<0.05) Hasannismelazesian LL@:ﬂﬁﬁ‘ﬁﬂ@ﬂuﬁﬁﬂﬂi
NAReLT 3 HAdNULILLY 150 Fa/ARs %ﬁﬂ?mm@@ﬂ%mu@mwﬁ”ﬁ@mmmn%m TaediBunn

2BNTLAUATA1BUNLS 4.2 RaanFU/ART T9A1N917 Boyd (1990) l&uwuzrinBidniies (5.0 Raaniu/

' '
=2 ' a =
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AzA1EUININTY (Chitra et. al., 2015; Lupatsch et. al.,, 2010) tafiagluinaaiuluarunuiuiy
o o 8y a =l =2 ! . =
wndudnazaelmianiduninuasenlulan 3eFandn crowding stress 34 Leatherland and Cho
(1985) 1978911491 aRFIANNMIRULT ANEN LS UN s Anunlasraanisinautesan i an e
wazn AN gIAiNTZAUYY plasma cortisol (Pickering and Pottinger, 1989 ; Macel et al, 2009 ;
Nazarudin et al., 2016 ) @3 cortisol HinazgnizanatianadniiugasluulianauATen (Chitmanat,
2010 ; Pankhurst, 2011 ; Sadoul and Geffroy, 2019) la3zALT8 cortisol 1WIABAAITU Az AIHANTZN
sawmmnluaTNYee Ua1 (Cowey and Sargent, 1979 ; Pankhurst, 2011) Teaanafesiusaesued Elia
R | a . o R , p~ o

et al.(2020) AlAse91udnlaniiaans (Oreochromis niloticus) wmmwmLLuu@;q%m:mun@fEM&Lu
2 . ] a . = o = o

wan way 8a5luu Cortisol Tunatangendttanfaglupaunuiuiusn nanisAnm luwinueaneniu
il Shafaq et al. (2018) 1&s1a9ul3lun1maasadiudanianne (Labeo rohita) Aaeiduiy waz

FI8NTULRY Lupatsch (2010) AlAseanuluilan European sea bass(Dicentrarchus labrax) d11dai
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g o | = o o X Ao ' PR g dl
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Abstract

Study on some biological aspects of blue swimming crab (Portunus pelagicus) in Ban
Phaipru marine conservation zone for stock management of blue swimming crab by community. Blue
swimming crab were collected by collapsible crab trap and crab gill net during March 2020-January
2021. Result of the monthly survey for all 11 months showed that 530 crabs were collected and the
average collected crab was 48.18+10.57 crabs/month. The decline of collected crab was detected
during Southwest monsoon (August 2020) and Northeast monsoon (November 2020 to January 2021)
while during season changing period collected crab amount was more than monsoon period (May
and October). The average carapace width of blue swimming crab was 8.61+2.83 cm. Carapace
width of male (8.88+2.93 cm.) and female (8.25+2.66 cm.) crab were similar (p>0.05). While the
lowest average carapace width of 6.77 cm. was found in December 2020 and the highest average
carapace width of 9.31 and 9.4 1 were found in April and June 2020 respectively. The result of the

study on average male and female ratio was 1:0.75, evaluate with chi-square test compare each

month were significant difference (p<0.05). The collected male crabs were higher than female in
every month except May 2020. In addition, zoea of blue swimming crab stock enhancementin marine
conservation zone during September-October 20 20 resulted in increasing of small crab (<5 cm. of
carapace width) during November - December 2020. The relationship between the abundance of

blue swimming crab and physical factors revealed that blue swimming crab abundance significantly

depend on salinity (p <0.05). When the salinity increased, crabs were found to increase.

Key words: Blue swimming crab, Portunus pelagicus, Biology, Ban Phaipru, Taklob sub-district
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Figure 1 Study area and sampling point in Ban Phaipru, Suratthani province
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ANTANHIATINANBEULALFAIDEN9T9RY 12 LADU AILABAWNUNIAN W.A.2563 DINNATRLE

q

b

o &

W.A.2564 WALAIAININANIT72UA0TR 154 TATA 19 NNINABTWTIUAAUNNTIANDINNANNUE

q

1
¥ A

W.A.2564 N 1FaanAUfasNg AN 11 1Ha1 (HWIAN W.A.2563 DNNNIIAN W.A.2564) 1H1NF9199N
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'
o a

wudnguanauyinlinasniad Tnadyiindulfiade 48.18+10.57 Aa/mTa desiiiinnsduyfinlidasd
LA s ) a = T LI P ey
ADITINADRINIAN W.A.2563 WATTINNEAANILL W.A.2563 D9NNTIAN W.A.2564 ugaeh luiuilAFy
andnwaanannsguazduanReslfuaannsguaziuaaniaeamile AINaAY dautasnaudinldiun
LA = = | Aa = \
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1. HAAINMINT9L 3239
HaaINNIINIsLsenfiaaaauiuliyliin 0.39-0.65 Ao/aau (Table 1) RaaATINIIANEN
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wudnaeuRuduyYinliieay 0.51+0.60 Avasy Insaunsnduyinligegaineunanan wazduliien
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AAABUFINIAN W.A.2563 HTH0uTN 0.65+0.69 LAz 0.39+0.53 A/a0U ANNAIAL et dayann
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a L8 ' o v A LS4 o 1 A ! S 1 o aa
AnrziAnuAnsgeess N finndulAfasas uiL luwsazineu wud A Nuanseiunats
(p>0.05) zﬁ'fmmmﬂma‘v‘hmiﬂa‘:m’mﬂmuwﬂﬂ’ﬁﬂuﬁﬁ 0.89-3.67 F3/{1 (Table 1) MABAT
nisAnsnudneauanyduyiinldiade 2.57+1.60 A/ Insanisndufinligeanmeunaian uazdy
P = o = P o A o o A o
Iitlnagaiheusunnan w.a.2563 H1FNN0TN 3.67+3.46 AT 0.89+0.38 A/HU ANATAL AT
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gﬁqﬁ UlEflranuninenssaediaie 8.61+2.83 lURILAS ‘Emﬁmmn%wmmmLﬁnﬁquL@z
Inayian 2.0 waz 18.0 IURWAS AN (Figure 2) @ﬂﬂgﬁﬁﬁﬁﬂmﬁﬁa 530 61 beintduyduneag
303 A mf;’mﬂ’fmm‘mmﬂ“mﬁﬂ 8.88+2.93 [URANAT uazyFunee 227 6 mmn’fmmmmﬂ“mﬁﬂ
8.26+2.66 \TUAWAS (Table 1, Figure 2 b) Liatina13ATZiA I LANATNT89A9 NN TZABIUEN
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nszaaslduansiuneats (p>0.05) WreagUlAdnauinrnunsranszaeaienFaumayluy g

o = = = o = ' ] o
L‘Wﬁﬁ;leL@ﬁL‘WﬁLMEiMLﬂ@uLﬂﬂQﬂuNﬁluqmiﬂ LANAINNL

Table 1 Number and carapace width (cm.) of blue swimming crab classified by month

Number of crabs Carapace width (cm.)
Month/Year Trap Gillnet
Total Total Male Female
(crap/trap) | (crab/net)

Mar 2020 49 0.47+£0.50 | 2.89+1.26 9.23+2.14° 9.59+2.32 | 8.65+1.74
Apr 2020 50 0.51£0.62 | 2.78+0.84 9.31£2.14° 9.60£2.03 | 8.91+2.26
May 2020 62 0.63+0.60 | 3.44+2.22 | 8.97+2.60" | 9.21+2.76 | 8.83+2.48
Jun 2020 51 0.45+0.58 | 3.22+1.17 9.41+2.60° | 9.48+2.67 | 9.33+2.56
Jul 2020 48 0.47+0.62 | 2.78+1.65 8.78+2.31%° | 8.841+2.35 | 8.69+2.32
Aug 2020 35 0.39+0.53 | 1.78+0.84 | 8.70+2.45" | 9.05+2.41 | 8.16+2.51
Sep 2020 55 0.51+0.65 | 3.33+1.67 | 8.27+3.37" | 8.74+3.51 | 7.67+3.14
Oct 2020 65 0.65+0.69 | 3.67+3.46 | 8.45+3.63" | 8.67+3.72 | 8.15+3.56
Nov 2020 36 0.49+0.65 | 1.33+0.67 7.76£3.02"° | 8.16+3.32 | 7.14+2.46
Dec 2020 32 0.49+0.54 | 0.89+0.38 6.77+2.64° | 7.08+3.07 | 6.36+1.98
Jan 2021 47 0.57+0.54 | 2.11+1.07 | 8.14+2.75" | 8.46+3.02 | 7.71+2.35
Total 48.18+10.57 | 0.51+0.60 | 2.57+1.60 8.61+2.83 8.88+2.93 | 8.26+2.66

* Different English letters in the same column mean statistically different values (p<<0.05)

= v U 1 =l v a g 1 %
Whreuiauauninszaasiinusazihaudasnismsziacuulsilsay wudianuning
nszaavras)inluudazipauiacuuansneiued eldadAnynisats (p<0.05) tnaluhausuanan
YifaunnnNng1erednszneatiea NgaRaY 6.77 [URLNAT IAAUNUIAN INEEULAEHgUIEUT

v 1 -dl a ] dll = v
ARINNENsraaslunjqaLeft 9.23-9.41 LIURLNAT (Table 1) whldalFauauaUIAAINNANY

o b % &

¥ dl 1 A dl Y o U % ac U % =
m‘:mmﬂummﬂmmLm‘mmw‘lmm:wm@@uﬂjLL@:muwgmwm t Test WLUANAIHNNINNTEARIN

1 o aa o v ¥ o v IS <3 1 QII
AAMHLANFANNUNNEANR (p<0.05) Iﬁﬂ@ﬂ'ﬂﬂﬁ‘uuﬂqim 276 A7 AMNNINNTZAINTUIALANNINLRAE
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254 pin ANNNA1NNTzAadInndnede 10.864+1.78
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6.56+1.91 LURAWAT dounauanydudinl

URLNAT (Figure 3 a)
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Figure 2 Distribution of the blue swimming crab carapace width (cm.) with total (a) and classified by

sex (b)
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Figure 3 Distribution of the blue swimming crab carapace width (cm.) classified by fishing gear (a)

and month (b)
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‘V]Z‘;ﬂ 1.00:1.21 sﬁ\‘iLﬂuLWﬂQLm@uLmH'Jm@ﬂmﬁ‘:ﬁﬁlglﬂ@qﬂﬂﬂ’]mﬂqququuﬂqLWﬂHu@ﬂﬂquWﬂLllﬂ LHRUN

o

afana1aNIARIziAn laawAaiA I udndauy e mAlas uuneReun AnaNy Rz
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ey 1:1 fneiAnlaaunAag (Chi-square) NIvsLANNLTRIUEa8AT 95 NLINEARILNAYES

R

b
nd

fnluuniBunmaeuinEla LN AiueRg1ATMeaia (p<0.05) AaanludaNszezoan

wal'vas/ |

AnwnazesyfinnduldusdazinowldifiduldTunamaaiu (Table 2) visadnaaufinmaguaziiin

Sbooe2 B

S A 4y £ A Al e o s > Ay = L
wAdeNaeneiasnilaneud ldniusiu ussnuyfrmadedlduennszaewninen Tnenudflanan
TugauRauNEel Fguieu nangANuasAanIAN W.A.2563 waznud e ludounauiuian

AAIAN N.A.2563 WAZLAAUNNIIAN N.A.2564 (Table 2)

Table 2 Sex ratio and female eggs outside abdomen of blue swimming crab during the sampling

period
Month/Year Male Female Total M: F Ratio x2 Female eggs
(crab) (crab) (crab) outside (%)
Mar 2020 30 19 49 1.00:0.63 247" 11.11
Apr 2020 29 21 50 1.00:0.72 1.28 27.27
May 2020 28 34 62 1.00:1.21 0.58™ 17.65
Jun 2020 29 22 51 1.00:0.76 0.96 22.22
Jul 2020 30 18 48 1.00:0.60 3.007 33.33
Aug 2020 21 14 35 1.00:0.67 1.40 28.57
Sep 2020 31 24 55 1.00:0.77 0.89™ 18.18
Oct 2020 38 27 65 1.00:0.71 1.86 15.38
Nov 2020 22 14 36 1.00:0.64 1.78" 20.00
Dec 2020 18 14 32 1.00:0.78 0.50™ 18.18
Jan 2021 27 20 47 1.00:0.74 1.04 16.67
Total 303 227 530 1.00:0.75 15.76" 20.17
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4. HANNIANTEUNIUTBIIUIANTLTN
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(0<0.05) TnailANaudNAUSNTL 0.601 (Table 3) IngANNLANTRIR N IATULB AN INTANET
' = ) o o Ay o= o vy - &
ARAY 26.32+6.28 dauluii doutladadu o AlFANE TuaT el THun Psuiueenfiauazanai An
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13ARN13ANEN (Table 3)

Table 3 Correlation between the blue swimming crab and physical factors

Physical factors Value ()(_iSD) Correlation
Dissolved oxygen (mg/l) 7.14+0.83 -0.235
pH 8.02+0.07 0.273
Temperature (°C) 30.91+1.72 0.400
Turbidity (cm) 119.20+26.29 0.122
Depth (cm) 258+44 -0.253
Salinity (ppt) 26.32+6.28 0.601*

* There was a statistically significant difference (p<<0.05)
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AnflufiasAnefnaNAun InEaReNn Wi liRsauAgNATHAN TN uazNIslRsuLL AR
pnganalusenddinly

ANRIATY: AVNUAINUANINWTININ ANNYNNTRANUSLA ATidin guiintiiu

Abstract

This survey aimed to assess the diversity of fish species living in Khlong Khek Noi, which is
one of the upstream streams of Khek River. Fish samples were collected from November 2018 to
August 2019 by using local fishing gears and examined fish species selling in the local market.
Twenty-seven fish species belong to 24 genera and 13 families were identified. Cyprinidae was the
most abundant species (13 species). The highest frequency of occurrence (100%) were Poecilia
reticulata, Esomus metallicus, Devario aequipinnatus, Puntius brevis, Puntius rhombeus, Trichopsis
vittatus and Schistura sp. The highest E-value by number were Rasbora paviana (15.99%), Devario
aequipinnatus (15.52%) The lower E-value by number was Pangasianodon hypophthalmus (0.09%).
The average values of diversity index and evenness index were 2.49+0.32 and 2.51+0.90 respectively.

This finding indicated that the Cyprinid fish showed the highest diversity both the number of
species and the number of individuals. Therefore, indicates that the aquatic environment qualities in
the Khlong Khek Noi are in the optimal range of natural habitat for aquatic animals living. However,
continually monitor and investigate the quality of the water environment to cover the water quality
parameter and hydrological seasonal changes year-round.

Keyword: Fish biodiversity, Prevalence of fish communities, Khek River, Nan River Basin
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station 1 station 2 station 3

2. maAne lurasliimnng
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Weiner Diversity Index ANIBUR (Washington, 1984)
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#im 16w arfugs (Poecilia reticulate) Uan@aviuanana (Esomus metallicus) Uandaluleeing
(Devario aequipinnatus) Uameiilaunsis (Puntius brevis) Uameiileusinmn (Puntius rhombeus)

Uannsu (Trichopsis vittatus) wazilanéa (Schistura sp.) dauiugilaninundaaudaesniswuiios

< & O

g 33.33 1Wefidud auau 3alle aun Uauwassiiu (Pseudomystus siamensis) Uainmimnans
(Hemibagrus filamentus) wazlangag (Pangasianodon hypophthalamus) (Table 2)
AravAtsznaulasdiiniugilan Percentage of species composition (E-value) haA<Ta

Usz@ninimnisetisen vizen1sassdanvestatating1e - Tuunadn uanisAnwanudnesAlszney

o

TnganuausiaesiugaInuNInTAl Evalue gafignae Uandananaununn (Rasbora paviana) Winriu

15.99 Wa5ifus sa9asune Uandalulidned (Devario aequipinnatus) Winiiu 15.52 wlaidus dau

'
= a <

anuen Evalue m"”nﬁfa;mﬁ@ 1lan@el (Pangasianodon hypophthalmus) Winfiu 0.09 tdasidust (Table

3)

o

= o a1 o % < _ v oA
N@ﬂ’]iﬂﬂi&f’]mﬁuﬂﬂﬁiﬁiﬂZﬁﬁ"]\?ﬂizﬂ’]ﬁﬂﬂ@ﬁiuﬁ@’mLﬁ]ﬂu’ﬂﬂ WUAINHATUAMHNWAINUNE LA

ANIRANNNIANALIN WINAL 2.49+0.32 LAY 2.51+0.90 ANNANGAL HaNANT AN ATHLNTE RT3 91 sva AN

D | '

Ua1muanIugngna wudn anniidn99a 2 FAAataNNaINuane warAATiANYINRENgINgn
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o

2.73 Az 0.96 AMNANAL {HANAITUIAINABUAITIA NUTUABUNGAANIEY 2561 HATFTHAIN

WAMNUATEY UAZANGTNANNTINTLNEINAR 2.78 uaz 0.91 ANAIAU (Table 4)

Table 1 Check list of fishes found in the Khlong Khek Noi during November 2018 to August 2019

Family/ Scientific name

English common name

Status
Thai name (Vidthayanon,

2005)

1. Family Cyprinidae

Barbonymus gonionotus (Bleeker, 1850) Silver Barb ATNEUTN9
Barbonymus schwanenfeldi (Bleeker, 1853) Tin-Foiled Barb NTTLIR

Devario aequipinnatus (McClelland, 1839) Giant Danio Uandaluluieing
Esomus metallicus Ahl, 1924 Flying Barb FanuUIALI
Garra fuliginosa (fowler, 1934) Rhino Stone Sucker yn

Hampala macrolepidota (Valenciennes, 1842) Hampala Barb ﬂﬁ‘:zgu?ﬂm
Neolissochilus stracheyi (Day, 1871) Blue Mahseer WA
Osteochilus vittatus (Valenciennes, 1842) Striped Hard Lipped Barb A5aaunIN

Puntius brevis (Bleeker, 1850)

Puntius rhombeus Kottelat, 2000

Golden Little Barb

Spotted Barb

AYLNEUNINe

e tlal

Rasbora paviana Tirant, 1885 Black Striped Minnow FaAaunLAT
Systomus rubripinnis (Valenciennes, 1842) Red Cheek Barb LLﬁM‘ﬁyﬂ
Labeo rohita (Hamilton, 1822) Rohu Uandianne
2. Family Botiidae

Syncrossus beauforti Chamelon Botia *m;gmmaﬂ

3. Family Poeciliidae

Poecilia reticulate Peter, 1859 Guppy ﬁugj\‘i

4. Family Channidae

Channa gachua (Cuvier, 1831) Stream Snakehead Fish ﬁg\‘i

5. Family Ambassidae

Parambassis siamensis (Fowler, 1937) Glassfish weluufn

6. Family Osphronemidae

Trichopsis vittatus (Cuvier&Valenciennes, 1831)  Croaking Gourammy 31
Trichopodus trichopterus (Pallas, 1770) Tree Spotted Gouramy ﬂmﬂﬁ?tﬁlﬂﬁ@
7. Family Mastacembelidae

Mastacembelus armatus (Sykes, 1839) Zig Zag Eel nseiivany

8. Family Gyrinocheilidae

Gyrinocheilus aymonieri (Tirant, 1884) Siamese Algae Eater Qnﬁyﬂ
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Status
Family/ Scientific name English common name Thai name (Vidthayanon,
2005)
9. Family Bagridae
Pseudomystus siamensis Regen, 1913 Asian Bubble-bee Catfish TN
Hemibagrus filamentus Fang&Chaux, 1949 Yellow mystus NAABY
10. Family Pangasiidea
Pangasianodon hypophthalamus (Sauvage, Striped Pangasid A0¢l Near
1878) Threatened,
Threatened in
situ
11. Family Cichlidae
Oreochromis niloticus (linnaeus, 1758) Nile 14
12. Family Nemacheilidae
Schistura sp. &a

13. Family Nemacheilidae

Glyptothorax lampris (Fowler, 1934)

Tree stripes Stream Sisorid

WARATUAN WAL
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Table 2 Biodiversity of fish in the Khlong Khek Noi during November 2018 to August 2019

Station Month
Family Scientific name F%
2 3 Nov.2018 Apr.2019 Aug.2019
Cyprinidae Barbonymus gonionotus (Bleeker, 1850) + + + + - 83.33
Barbonymus schwanenfeldi (Bleeker, 1853) - + + - + 66.67
Devario aequipinnatus (McClelland, 1839) + + + + + 100.00
Esomus metallicus Anl, 1924 + + + + + 100.00
Garra fuliginosa (fowler, 1934) + - + + - 66.67
Hampala macrolepidota (Valenciennes, 1842) + - + + - 66.67
Neolissochilus stracheyi (Day, 1871) + - + + + 83.33
Osteochilus vittatus (Valenciennes, 1842) - - + + - 66.67
Puntius brevis (Bleeker, 1850) + + + + + 100.00
Puntius rhombeus Kottelat, 2000 + + + + + 100.00
Rasbora paviana Tirant, 1885 + + + + + 100.00
Systomus rubripinnis (Valenciennes, 1842) - + + + + 83.33
Labeo rohita (Hamilton, 1822) - - + + - 50.00
Botiidae Syncrossus beauforti + - + + - 66.67
Poeciliidae Poecilia reticulate Peter, 1859 + + + + + 100.00
Channidae Channa gachua (Cuvier, 1831) + + + + - 83.33
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Table 2 Continue

Station Month
Family Scientific name F%
1 2 3 Nov.2018 Apr.2019 Aug.2019

Ambassidae Parambassis siamensis (Fowler, 1937) + - + - - + 50.00
Osphronemidae Trichopsis vittatus (Cuvier&Valenciennes, 1831) + + + + + + 100.00

Trichopodus trichopterus (Pallas, 1770) + - + - + + 50.00
Mastacembelidae Mastacembelus armatus (Sykes, 1839) + - + - + + 66.67
Gyrinocheilidae Gyrinocheilus aymonieri (Tirant, 1884) + + + + + - 83.33
Bagridae Pseudomystus siamensis Regen, 1913 + - - - - + 33.33

Hemibagrus filamentus Fang&Chaux, 1949 + - - - - + 33.33
Pangasiidea Pangasianodon hypophthalamus (Sauvage, 1878) - - + - - + 33.33
Cichlidae Oreochromis niloticus (linnaeus, 1758) + + + + + + 83.33
Nemacheilidae Schistura sp. + + + + + + 100.00
Nemacheilidae Glyptothorax lampris (Fowler, 1934) - + - + + - 50.00
Total families 1" 9 10 9 10 9
Total species 26 17 18 21 22 18

Note

-missing +found F% Frequency of occurrence
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Table 3 Fish community by amount in the Khlong Khek Noi during November 2018 to August 2019

amount Cumulative
Scientific name E-value
(number) percentages
Pangasianodon hypophthalamus (Sauvage, 1878) 1 0.09 0.09
Parambassis siamensis (Fowler, 1937) 3 0.28 0.38
Hemibagrus filamentus Fang&Chaux, 1949 3 0.28 0.66
Labeo rohita (Hamilton, 1822) 4 0.38 1.03
Glyptothorax lampris (Fowler, 1934) 4 0.38 1.41
Hampala macrolepidota (Valenciennes, 1842) 5 0.47 1.88
Barbonymus schwanenfeldi (Bleeker, 1853) 6 0.56 2.45
Garra fuliginosa (fowler, 1934) 7 0.66 3.10
Osteochilus vittatus (Valenciennes, 1842) 8 0.75 3.86
Trichopodus trichopterus (Pallas, 1770) 8 0.75 4.61
Pseudomystus siamensis Regen, 1913 9 0.85 5.46
Gyrinocheilus aymonieri (Tirant, 1884) 13 1.22 6.68
Oreochromis niloticus (linnaeus, 1758) 13 1.22 7.90
Trichopsis vittatus (Cuvier&Valenciennes, 1831) 15 1.41 9.31
Neolissochilus stracheyi (Day, 1871) 19 1.79 11.10
Barbonymus gonionotus (Bleeker, 1850) 21 1.98 13.08
Syncrossus beauforti 23 2.16 15.24
Channa gachua (Cuvier, 1831) 27 2.54 17.78
Schistura sp. 32 3.01 20.79
Systomus rubripinnis (Valenciennes, 1842) 60 5.64 26.43
Puntius rhombeus Kottelat, 2000 74 6.96 33.40
Puntius brevis (Bleeker, 1850) 82 7.71 41.11
Esomus metallicus (Ahl, 1924) 144 13.55 54.66
Poecilia reticulate (Peter, 1859) 147 13.83 68.49
Devario aequipinnatus (McClelland, 1839) 165 15.52 84.01
Rasbora paviana (Tirant, 1885) 170 15.99 100.00
Total 1063 100.00
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Table 4 Diversity index of fish in the Khlong Khek Noi during November 2018 to August 2019

Factor No. species diversity index Evenness index
Station 1 25 2.70 0.84
Station 2 17 2.73 0.96
Station 3 18 2.04 0.71
Nov.2018 21 2.78 0.91
Apr.2019 22 2.71 0.88
Aug.2019 18 2.60 0.90
Mean+SD (Station) 2043 2.49+0.32 2.51+0.90
ARNTUNANITANTN
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[ Guide for Authors 1

The Journal of Fisheries Technology Research (J. Fish. Tech. Res.) Welcomes the
submission of manuscripts that meet the general criteria of significance and scientific
excellence.

Preparation and Submission of Manuscripts

Authors submitting manuscripts for publication must follow the following guidelines.

1. Manuscript texts must be written using high-quality language in Microsoft Word, will be sent
to the editorial office, The Journal of Fisheries Technology Research, Faculty of Fisheries
Technology and Aquatic Resources, Maejo University, Chiang Mai, 50290, Thailand.

1.1 The Title should be a brief phrase describing the contents of the paper. The Title
Page should include the author(s)'s full names and affiliations, the name of the corresponding
author along with phone, fax and e-mail information. Present address of authors should appear
as a footnote.

1.2 Abstracts should not exceed than 250 words. The Abstract should be informative
and completely self-explanatory, briefly state the scope of the experiments, indicate significant
data, and point out major findings and conclusions. No literature should be cited. About 5
keywords should also be provided.

1.3 Manuscript texts should not exceed than 10 pages including abstract, figures, and
tables.

2. Format
2.1 Cordia New font must be applied.

18 pt Cordia New Bold fonts must be used for title and set in the middle of the page.

14 pt Cordia New Bold fonts must be used for authors and set in the middle of the page.

16 pt Cordia New Bold fonts must be used for all headings including Abstract,
Introduction, Materials and Methods, etc.

15 pt Cordia New fonts should be used throughout manuscript and all pages numbered
consecutively.

12 pt Cordia New Bold fonts must be used for footnote.

2.2 Manuscript texts should be prepared single column, with margins (right = 2.5 cm;

left = 3.0 cm; top = 3.0 cm; bottom = 2 cm).
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2.3 The Introduction should provide a clear statement of the problem, the relevant
literature on the subject, and the proposed approach or solution. It should be understandable
to colleagues from a broad range of scientific disciplines.

2.4 Materials and Methods should be complete enough to allow experiments to be
reproduced. However, only new procedures should be described in detail; previously
published procedures should be cited, and important modifications of published procedures
should be mentioned briefly. Capitalize trade names and include the manufacturer's name and
address. Subheadings should be used. Methods in general use need not be described in
detail.

2.5 Results should be presented with clarity and precision. The results should be written
in the past tense when describing findings. Results should be explained, but largely without
referring to the literature. Discussion, speculation and detailed interpretation of data should not
be included in the results but should be put into the discussion section.

2.6 The Discussion should interpret the findings in view of the results obtained in this
and in past studies on this topic. State the conclusions in a few sentences at the end of the
paper.

2.7 Acknowledgment is optional and should be as brief as possible.

2.8 Tables, figures, and references must be written in English.

2.9 Citations of published literature in the text and at the end of the manuscript must be
written in English.

2.9.1 Citations in the text should be given in the form of author and year in
parentheses; (James et al., 2011), or, if the name forms part of a sentence, it should be followed
by the year in parenthesis; Tomas and James (2010).

Citing two or more documents by multiple authors; List authors’ names by alphabetical
order, followed by year of publication, link each document with “;”(Keiser and Utzinger, 2005;

McCarthy and Moore, 2000; Nawa, et al., 2005)

Citing documents cited in other documents; Put author's name and year of original

document’s publication, followed by “cited in” and secondary document’s author’'s name and
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year of publication; (Choi et al., 2004 cited in Kaewipitoon et al., 2008) Online materials; (Yu
and Mott, 1994: online)
2.9.2 Citation in reference list;
All references mentioned in the reference list must be cited in the text, and vice versa.

The references section at the end of the manuscript should list all. For papers printed in a

language other than English, indicate the language in parentheses at the end of that reference.

The following are examples of reference writing.

Reference to a journal article:

Khuantrairong, T., and Traichaiyaporn, S. 2010. Efficiency of carotenoid and nutritional values

of an alga Kai (Cladophora sp.) for economic utilization. J. Fish. Tech. Res. 4: 54 — 64. [in Thai]
Reference to article or abstract in conference proceedings:

Cliche, G., Hébert, D., and Bourgeois, M. 2007. Evaluation of different parameters to optimize
the collection strategy of the sea scallop (Placopecten magellanicus) in commercial
operations. Proceedings of the 16" International Scallop Aquaculture Workshop.
Canada, May 11 — 18, 2007. 24 — 28.

Reference to a book:

Boyd, C.E., and Tucker, C.S. 1998. Pond aquaculture water quality management. Kluwer
Academic Publishers, Massachusetts. USA. 700 p.

Reference to an edited book:

Shotts, E.B. 1994. Flow chart for the presumptive identification of selected bacteria from fish.
In: Bacterial Diseases of Fish. 4" ed., edited by Thoesen, J.C. Chapman & Hall, London.
pp. 131 -135.

Reference to an electronic data source):

Yi, Y., Yang, Z., and Zhang, S. Ecological risk assessment of heavy metals in sediment and
human health risk assessment of heavy metals in fishes in the middle and lower reaches
of the Yangtze River basin. Environmental Pollution [Online]. Available from

http://www.sciencedirect.com/science/article/S029911100337X[2011, December 12].

2.10 Manuscript must be followed the guidelines of manuscript preparation, otherwise

they will be sent back or even rejected.
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3. All manuscripts considered for publication will be peer-reviewed by qualified editors and
independent referees.

4. The submitted manuscripts are not already published or are not currently under
consideration for publication elsewhere. Manuscripts, parts of which have been previously
published in conference proceedings, may be accepted if they contain additional material not

previously published.
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