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ANH HUONG CUA OXY HOA TAN LEN ]:ANG,TRUﬁNG,
TIEU HAO OXY VA NGUONG OXY CUA CA CHEP
(CYPRINUS CARPIO)

Nguyén Thiyy Liéu', P6 Thi Thanh Huong', Nguyén Thi Kim Ha' va
Nguyén Thanh Phuong’

ABSTRACT

The effects of different dissolved oxygen concentrations on the growth, oxygen
consumption and oxygen threshold of common carp (Cyprinus carpio) was studied in
laboratory conditions. The growth study was conducted with 3 oxygen levels including
20%, 50% and 80% saturation; 40 fish (25,7+0,21 g initial weight) were stocked in each
of nine 1 m3-composite tanks (three replicates for each treatment); the oxygen levels were
auto-regulated by oxy guard system and the experiment lasted for 2 months. Oxygen
comsumption and oxygen threshold of common carp at 3 mentioned oxygen levels were
determined by two-taps flask method. Each treatment was repeated 6 times. The oxygen
saturation concentration was adjusted using YSI DO meter and nitrogen. Results of the
studies showed that a significantly higher growth rate and lower feed conversion ratio
(p<0,05) were found at 80% oxygen saturation treatment if conmpared to other two
treatments; thus fish reduced the growth rate in the hypoxia condition. The oxygen
consumption decreased from 388 mg/kg/hr. at 80% oxygen saturation to 212 mg/kg/hr. at
20% oxygen saturation. The oxygen threshold of the common carp also decreased in
hypoxia condition.
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TOM TAT

Nghién ciu anh huong cua ham lwong oxy hoa tan lén tang truong, tiéu hao oxy va
nguong oxy cua ca chép (Cyprinus carpio) dwoc thuc hién trong phong thi nghiém. Thi
nghiém vé tang trong dwoc thuc hién & 3 mire oxy bdo hoa khdc nhau la 20%, 50% va
80% trong 9 bé composit 1 m® (3 lan ldp lai méi nghiém thirc); ¢ cd ban dau 25,7+0,21
g/con; mdt d¢ 40 ca/bé; va thoi gian thi nghiém la 2 thang. Ham heong oxy hoa tan dioc
diéu chinh t dong bang hé thong oxy Guard. Thi nghiém tiéu hao oxy va nguéng oxy
duoc ap dung phwong phap binh kin 2 voi; thi nghiém thuc hién o 3 mirc oxy bdo hoa nhu
trén va moi nghiém thike Idp lai 6 lan; ham heong oxy dwoc diéu chinh bang mdy do oxy
YSI va binh khi nito. Két qua nghién ciru cho thdy ¢ ham hrong oxy 80% bdo hoa thi ting
truedng cia cd cao nhat (0,43 g/ngay), dong thoi hé s6 FCR & mike thdp nhdt (2,24) so véi
hai nghiém thirc con lai (p<0,05). Tiéu hao oxy giam tir 388 mg/kg/gio: xuéng 212
mg/kg/gio khi ham heong oxy giam tir 80% xuong 20% bdo hoa. Ngudng oxy ciia cd ciing
giam khi ham lugng oxy giam.

Tir khoa: ca chép, Cyprinus carpio, oxy hoa tan, ting truong

"Khoa Thuy san, Truong Dai hoc Cén Tho
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1 GIOI THIEU

Trong nhitng ndm gan day, nhiéu nudc trén thé gidi, trong d6 c6 Viét Nam di va
dang day manh phong trao nuéi trong thity san nham dap ung nhu cau thyc pham
thity san ngdy cang ting cta ngudi tiéu dung. Nam 2010 nganh nudi trdng thity san
Viét Nam da dat dugc nhiing budc tién dang ghi nhan, sdn lugng cd nam 2010 la
2.707 ngan tan (Dung, 2011). Ciing vé6i san lugng nudi tang cao thi cac hinh thirc
va d6i tuong nudi ciing duoc da dang nhu nudi ca tra tham canh trong ao, ca diéu
hong va r6 phi trong bé va ao, nudi ca léc trong giai, nudi tom st trong ao dat, tom
cang xanh trén rudng lda,... So véi rat nhiéu ddi tuong thiy san dang dugc nudi
phé bién hién nay thi ca chép 1a loai nudi truyén thong trong cic mé hinh nudi két
hop nhu nudi ao, nudi trén rudng lua, va gan day la nudi tham canh trong ao. Tir
khi tr& thanh dbi tugng nudc ngot dang cha y thi da c6 rat nhiu nghién ciru vé
dinh dudng, di truyén, sinh Iy va bénh trén ca chép. Trong cac thong s6 vé moi
truong nudc ao nudi thi oxy 1a yéu t6 quan trong, nhét 1a trong nudi tham canh céac
loai tdm, ca ndi chung. Hon nira, ham luong oxy trong ao nudi luén dao dong nén
duoc coi nhu 12 mot nhéan td anh hudng dén hau hét cac hoat dong cua dong vat
thiy san va 1a yéu t§ quan trong anh huong dén ting truong cua cd (Kramer,
1987). Ham lugng oxy thap gay stress, giam n, sinh truong chdm, nhay cam véi
bénh va thdm chi gy chét tom/ca nudi. Ham lugng oxy hoa tan hang ngay trong
hé thdng ao nuéi 1a van dé rat dugc quan tdm (Boyd, 2010). Vi vay nghién cru anh
hudng ciia oxy hoa tan 1én ca chép 1a can thiét nham 1am co s¢ cho viéc quan ly
oxy hoa tan trong qua trinh nui, nhat 1a nudi thim canh hién nay.

2 VAT LIEU VA PHUONG PHAP NGHIEN CUU

Nghién ctru duge tién hanh tai trai thuc nghiém va phong thi nghiém B mén Dinh
dudng va Ché bién Thuy san —Khoa Thuy san-Trudng Pai hoc Can Tho.

C4 thi nghiém khi chuyén vé dén trai dugc thudn dudng 1 tuin trudce khi tién hanh
thi nghiém. Trong thoi gian thuan dudng cho c4 4n 2 lan/ngay va bé duoc suc khi
lién tuc. Trude khi bd tri mot ngay thi ngung cho ca an; chon cé khde, déng c0,
khong bi di tat dé thi nghiém. Nghién ctiru dugc tién hanh véi 2 thi nghiém.

2.1 Anh huéng cia ham lwong oxy hoa tan Ién ting truong cia ca chép
(Cyprinus carpio)

Thi nghiém duogc bd tri theo kiéu hoan toan ngau nhién trong bé composite 1 m’
véi 3 nghiém thirc ¢6 ham lugng oxy bao hoa khac nhau g6m 20%, 50% va 80%,;
twong ung la 1,5 mg/L, 3,9 mg/L, 6,3 mg/L ¢ nhiét d6 28°C (Colt, 1984, trich dan
boi Boyd, 1990), méi nghiém thirc dugc 1ap lai 3 1an. Mat d6 bd tri c4 thi nghiém
1a 40 ca/bé (25-30 g/con); ca dugc cho an véi khau phan 5% khdi lugng than va
cho an 2 1an/ngay (8 gio va 17 giod) bang thie an vién cong nghiép hiéu Cargill c6
ham lugng dam 30%; sau khi ca ngung an 15 phut thi kiém tra luong thirc 4 an thira
dé tinh lugng thiic an ci dn mdi ngdy ciia moi bé thi nghiém. Hang tuan thay
khong qua 30% nudc; hang ngay loai bo bot cin ¢ day bé két hop thay khong qué
15% lugng nude. Ghi nhan nhiét do va oxy bé nuéi 2 lan/ngay thong qua man hinh
hé théng may do oxy Guard va cac chi ti€u khac nhu pH, NH;, NO, dugc do 1
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lan/tudn. Khéi qung ¢4 dugc xac dinh sau mdi 3 tudn dé danh gia tde do tang
trudng va ty 1€ song. Thoi gian thi nghiém la 2 thang.
Mt s chi tiéu tinh toan
Tang truong tuyét ddi (DWG)
DWG (g/ngay) = (W—W))/t
Trong do:  W;: Khoi lugng trung binh ctia ca ban dau.
W,: Khéi luong trung binh cta ca két thuc thi nghiém.
t: thoi gian thi nghiém
Hé s6 thuc an (feed conversion ratio — FCR):
FCR=Luong thirc an sir dung (kg)/tang trong cia ca (kg)
Ty ¢ séng (%) (sqrvival rate-SR):’ .
SR (%) = 100x (s0 ca thu hoach/so ca ban dau)
2.2 Anh huéng ciia ham lwong oxy hoa tan 1én tiéu hao oxy va ngudng oxy
cuia ca chép (Cyprinus carpio)
Tiéu hao oxy va ngudng oxy cua ca cheép ¢ cac ham lugng oxy khac nhau (20%,
50%, 80% oxy bdo hoa) dugc thyc hién theo phuong phap binh kin 2 voi c6 thé
tich 2 L. Trudc khi tién hanh thi bom nudc vao bé nh}ra ’200 L, suc khi 1 ngay dé
oxy trong guéc dat bao hoa, dung binh nito suc vao bé dén khi ham h{qng oxy dat
muc yéu cau cua thi nghiém thi dung lai; ddt cac binh kin 2 voi vao bé, bom nuédc
tuan hoan trong 1 gi¢ dé dam bao di€u kién oxy trong va ngoai binh nhu nhau; cho
ca vao binh va ti€p tuc bom nudc tuan hoan trong 1 gi¢' d€ ca on dinh trudce khi
tién hanh xac dinh ti€u hao oxy va ngudng oxy. Oxy dugc do kiém tra lién tuc dé
dam bao duy tri ham lugng 6n dinh cho tirng nghiém thac. Nhiét do ludn gitt 6n
dinh 6 28 C.
2.2.1 Tiéu hao oxy
Can khdi luong c4, tha 2 ca/binh va 2 binh/bé; thu ;n?lu nude trong binh dé phan
tich oxy dau khi ca da 6n dinh r6i ¢t chat 2 voi, dé ca yén tinh trong 15 phut va
thu mau nude phan tich oxy cuoi. Ti€p tuc cho nude tuan hoan tré lai qua cac binh
trong 1 gi¢ d€ ca 6n dinh tr¢ lai trong di€u kién oxy thi nghiém cua bé rdi tién
hanh cac budc thu mau nude phan tich oxy dau va oxy cudi nhu trén. Lép lai 3 lan
thu cho moi binh. Cong thure tinh tiéu hao oxy cua ca:
THOXY (mgOZ/ kg/ glf)’) = (OZdﬁu_OZCuéi) X (Vbinh'Vcé)/ WT
Trong d6:  Opgs: ham lugng oxy trong nudc trude khi thi nghiém (mg/L)
O,cusi: ham lugng oxy trong nude sau khi thi nghiém (mg/L)
Viinn: Thé tich binh (L)
V;: Thé tich ciia ca (L)
W: khéi luong ca (kg)
T: Thoi gian thi nghiém (gio)
THOxy: Tiéu hao oxy
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2.2.2 Nguong oxy

D3t 6 binh kin 2 voi vao mot bé; can khdi lugng cé, tha 4 ca/binh; sau khi ca da on
dinh trong 1 gio thi cOt chat 2 voi va quan sat cho deén khi c6 hon 50% ca (2 cé)
trong binh chét ngat thi thu mau nude phan tich oxy.

Oxy trong cac binh dugc phan tich bang phwong phap chuan d6 Winkler.

2.3 Xir Iy s6 liéu

Céc s liéu thu thap dugc cia hai thi nghi€ém dugc tinh toan cac gié tri trung binh,
do 1éch chuan, va so sanh sy sai khac gitra cac nghiém thirc bang phwong phap
ANOVA moét nhan t6 va phép the DUNCAN sur dung chwong trinh SPSS 16.0 va
Excel cia phan mém Office 2003.

3 KET QUA VA THAO LUAN
3.1 Anh huéng cia ham lwgng oxy hoa tan 1én sinh truéng ciia ca chép
3.1.1 Tang truong tuyét doi

Khdi lugng trung binh ban dau cua cé 1a 25,7+0,21 g/con; sau 63 ngay thi nghiém
thi khdi luong trung binh ctia ca & nghiém thirc 20% oxy bao hoa 1a thap nhat
(57,9+1,51 g/con), nghiém thirc 50% va 80% oxy bdo hoa c6 khéi lwong trung binh
cao hon va tuong duong nhau lan luot 14 62,7+5,08 g/con va 63,0£1,81 g/con.

Trong 21 ngay dau thi nghiém, ca & nghiém thirc 20% oxy bdo hoa c¢é toc do ting
truong tuyét d6i 1a 0,39+0,11 g/ngay 1a thap nhit va khac biét c6 ¥ nghia thong ké
(p<0,05) so véi hai nghiém thirc con lai. Toc do ting trudng tuyét doi trung binh
clia ca chép ¢ nghiém thirc 50% va 80% oxy bdo hoa twong duong nhau lan luot 1a
0,67+0,06 g/ngay va 0,69+0,02 g/ngay (Hinh 1). Twong tu, giai doan ngay 21-42,
thi ting truong clia c & nghiém thirc 20% oxy bao hoa van 1a thap nhét (0,63+0,07
g/ngay) nhung khac khong c6 y nghia thong ké so véi nghiém thirc 50% va 80%
oxy bédo hoa (p>0,05). Tuy nhién, giai doan ngay 42-63 cua thi nghiém thi c6 su
thay ddi 16 rét vé tang truong tuyét ddi gitra cac nghiém thirc; téc do ting trudng
cao nhat 13 & nghiém thirc 20% oxy bdo hoa (0,50+0,07 g/ngdy), ca & nghiém thirc
50% va 80% oxy bdo hoa lan lugt 13 0,39+0,09 g/ngay va 0,43+0,06 g/ngay nhung
su khac nhau gitra cac nghiém khéng co y nghia thong ké (p>0,05) (Hinh 1).Diéu
nay c6 thé giai thich 1a giai doan dau thi nghiém ca chua thich nghi dugc véi méi
truong c6 ham lugng oxy thap nhung qua mét thoi gian thi nghiém c4 da thich
nghi véi diéu kién sdng nén ca an nhiéu va ting trudng nhanh hon. Piéu nay ciing
phti hop v6i qui ludt ty nhién 13 sinh vat khéng ngimg thay do6i va thich ting véi
moi truong dé ton tai va phat trién.

Nhiéu nghién ctru trén cac loai ca khac nhau trong diéu kién oxy thip nhu c4 bon
(Scophthalmus maximus) giai doan gidng (Pichavant et al., 2000), ci nheo
(Ictalurus punctatus) (Buentello et al., 2000), ca piapara (Leporinus elonggatus)
(Filho et al., 2005), ca r6 phi (Oreochromis niloticus) (An et al., 2008) va gan day
nhét 1a ca tra (Pangasianodon hypophthalmus) (N guyen Thi Kim Ha et al., 2010)
déu c6 nhan xét 1 ca giam tang truong trong didu kién oxy thap Tang truong
cham 1a do c4 phai ting cudng st dung ning luong cho viéc ting thé tich thong khi
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qua mang nén giam ning luong cho ting trudng; dong thoi ca giam luong thire an
an vao dé tiét kiém ning luong str dung cho tiéu hoa va duy tri ning luong cho
viéc cung cdp oxy dén cic co quan trong co thé (Pichavant ef al., 2000). Theo
Heath (1995) thi mot s loai ca nudc ngot c6 thé chiu dugc diéu kién oxy thép
hodc tham chi 1a thiéu OXy; tdc gid nay cling nhén dinh rang thich nghi véi diéu
kién oxy thap la kha ning rat quan trong cho ca song trong moi truong nay keo dai.
Oxy hoa tan 1a mot trong nhitng nhan to gidi han sinh truong va diéu kién oxy thap
1a yéu té gy sbc lam giam tang truéng cua ca (Filho et al., 2005).

0.9
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Hinh 1: Téc d§ ting trwéng ciia ca chép sau 63 ngay
(gia tri trung binh va do léch chuﬁn)
3.1.2 Tilé song (%) va hé sé thirc an (FCR)

Ty 18 sdng ciia ca chép sau 63 ngay thi nghiém déu dat cao tir 97,5% dén 99,2% va
khic nhau khong c6 ¥y nghia thong ké giita cic nghiém thic (Bang 1). Theo
Buentello et al. (2000) khi nghién ciru trén ca nheo My (Ictalurus punctatus) & 3
ndng d6 oxy hoa tan 30%, 70% va 100% oxy bdo hoa thi thiy ty 1& séng ciia ca &
cac nghiém thirc déu dat 100%; nhu véy diéu kién oxy thap anh huéng khong 16n
dén ti 1¢ sdng ciia c4 ndi chung va ciia chép trong nghién ciru nay.

Heé s6 chuyén hoéa thirc an cua ca chép ting khi ham luong oxy trong nudc giam
(Bang 1). Hé s thirc n cua cd & nghiém thirc 20% oxy bdo hoa 1 cao nhét
(2,44+0,09) va khac c6 y nghia théng ké (p<0,05) so véi nghiém thirc 80% oxy
bdo hoa (2,24+0,06), nhung khac khong c6 y nghia thong ké so voi nghiém thirc
50% oxy bao hoa (p>0,05). Téng lugng thic dn c4 dn vao ¢ nghiém thirc 20% oxy
bao hoa trong 2 thang thi nghiém la 78,9 g/con, trong khi d6 gia tri nay & nghiém
thirc 50% va 80% oxy bdo hoa déu cao hon lan luot 1a 84 g/con va 84,3 g/con.
Theo Thetmeyer et al. (1999) thi tang trudng phu thudc vao lugng thirc an an vao
va moi truong thiéu oxy s& 1a nguyén nhan lam giam tinh bat moi chtr khong phai
la nguyen nhén lam giam hiéu qua chuyen hoéa thirc dn. Ngoai ra khi ham lugng
oxy giam c4 con ton ning luong dé tang thé tich théng khi qua mang (Heath, 1995)
do d6 nang lugng dugc cung cap tur thire an an vao dugc ca sir dung cho hoat dong
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nay dong thoi ciing str dung dé boi 1én bé mat nudce tim nguon oxy cao hon. Nudi
c4 chép sdng trong diéu kién oxy thip s& lam ting hé sé chuyén hoa thirc an.

Bang 1: Ti 1¢ song va hé sb thirc dn ciia c4 & cac ham lwong oxy khic nhau

Nghiém thire Ti 1¢ song (%) Hé s6 thirc in (FCR)
20% oxy bio hoa 99,242,50 2,44+0,09°
50% oxy bdo hoa 99,2+1,40 2,29+0,12%°
80% oxy bdo hoa 97,5+1,40 2,24+0,06°

3.2 Anh huéng ciia ham lwong oxy hoa tan dén tiéu hao oxy va ngudng oxy
cia ca

Tiéu hao oxy trung binh cua ca chép & cac ham lugng oxy bao hoa khéac nhau thi
khac nhau (Hinh 3). Tiéu hao oxy giam tir 388 mg/kg/gid xudng 212 mg/kg/gid
khi ham luong oxy trong nudc giam tir 80% oxy bio hoa xubng 20% oxy bio hoa
& 28°C va sai khac nhau c6 y nghia thng ké (p<0,05) giita nghiém thirc 20% oxy
bao hoa so véi nghiém thic 50% va 80% bao hoa (Hinh 3). Twong tu, ngudng oxy
cua ca cling c6 xu huong giam khi ham Iwgng oxy trong nudc giam (Hinh 3); &
nghiém thirc 80% oxy bdo hoa ngudng oxy cua ca la 0,72 mg O,/L, ngudng oxy
giam xubng 0,43 mg O,/L & nghiém thirc 50% oxy bao hoa va nguong thap nhét la
0,29 mg O,/L & nghiém thirc 20% oxy bdo hoa. Két qua xir Iy thong ké cho thiy
ngudng oxy cua ca chép & cac nghiém thirc sai khac nhau c6 ¥ nghia théng ké
(p<0,05).

Tiéu hao oxy cia ca tdm tring (Acipenser transmontanus) ciing giam tir 228
1g0,/g/gid xudng 99 pgO,/g/gid khi tiép xtc véi ham luong oxy thap (Crocker
and Cech, 1997); ca bon (Scophthalmus maximus) trong diéu kién oxy thap (3,5
mg/L) thi tiéu hao oxy ciing giam so v6i diéu kién oxy binh thuong. Khi ham
luong oxy trong nudc giam ca s& giam hoat dong dé tiét kiém nang lugng, giam
nhu ciu oxy nén tiéu hao oxy trung binh ciia ca cling s¢ giam (Pichavan et al,
2001; Crocker and Cech, 1997). Ngoai ra, trong diéu kién oxy thap ca cling giam
lu0’ng thirc 4n an vao dé giam nhu cau niang lugng va giam nhu cau oxy qua do
giam sy tiéu thu oxy (Dam and Pauly, 1995; Pichavant et al., 2000). Khi ham
luong oxy trong nudce thép thi c4 giam ti€u thu oxy qua d6 tang thoi gian ca chiu
dung v6i diéu kién oxy thdp dan den ngudng oxy cua ca giam; ca chép khong co
co quan ho hép phu nhung 1a loai song day nén co6 kha ning chiu duoc dleu kién
oxy thap, ca c6 thé sdng dugc 6 thang trong diéu kién nudc lanh va oxy rat thip
(Heath, 1995).
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Hinh 3: Tiéu hao oxy (phai) va ngudng oxy (trai) ciia ca chép
& cac nghiém thirc c6 ham lwgng oxy khac nhau

4 KET LUAN VA PE XUAT

Nuodi ca chép & miic 80% oxy bdo hoa (twong duong 6,3 mg/L) thi ca tdng trudng
t6t hon va hé s6 FCR nho hon so véi nudi cd & mirc oxy bio hoa 20% (1,5 mg/L)
va 50% (3,9 mg/L) hay nudi ca chép trong mdi truong oxy thap s& tang hé sb thirc
an va tang tredng cham.

Tiéu hao oxy va ngudng oxy ciia cd chép giam thip khi c4 séng trong diéu kién
20% oxy bdo hoa so voi dieu kién 50% va 80% oxy bao hoa.

bé

xuat tiép tuc nghién ctru vé anh hudng ctiia nhié¢t d6 va d6 man 1€n sinh 1y va sy

sinh trudng cua ca chép ¢ cac ham luong oxy khac nhau.

114

TAI LIEU THAM KHAO

An, Tran-Duy., J. W. Schrama, A. A. V. Dam and J. A. J. Verreth, 2008. Effects of oxygen
concentration and body weight on aximum feed intake, growth and hematological
parameters of Nile tilapia, Oreochromis niloticus. Aquaculture 275:152-162.

Boyd, C. E., 2010. Dissolved oxygen concentrations in pond aquaculture. Global Aquaculture
Advocate. 40-41.

Buentello, J. A., D. M. Gatlin and W. H. Neill, 2000. Effects of water temperature and
dissolved oxygen on daily feed consumption, feed utilization and growth of channel
catfish (Ictalurus punctatus). Aquaculture 182: 339-352.

Crocker, C. E. and J. J. Jr. Cech, 1997. Effects of environmental hypoxia on oxygen
consumption rate and swimming activity in juvenile white sturgeon, Acipenser
transmontanus, in relation to temperature and life intervals. Environmental Biology of
Fishes 50: 383-389.

Dam, A. A. V. and D. Pauly, 1995. Simulation of the effects of oxygen on food consumption
and growth of Nile tilapia, Oreochromis niloticus (L). Aquaculture Research. 26: 427-
440.

Filho, D. W., M.A. Torres, E. Zaniboni-Filho and R.C. Pedrosa, 2005. Effect of different
oxygen tensions on weight gain, feed conversion, and antioxidant status in piapara,
Leporinus elongatus (Valenciennes, 1847). Aquaculture 244: 349— 357.

Heath, A. G., 1995. Water pollution and fish physiology. CRC Press. Icn. 359pp.



Tap chi Khoa hoc 2012:21b 108-115 Truong Dai hoc Can Tho

Kramer, D. L., 1987. Dissolved oxygen and fish behaviour. Environmental Biology of Fishes
18(2): 81- 82.

Nguyen Huu Dung, 2011. Viet Nam seafood production and export. Paper presented at the
ACIAR meeting at the Ministry of Agriculture and Rural Development, March 2, 2011 in
Ha Noi, Viet Nam.

Nguyén Thi Kim Ha, P Thi Thanh Huong va Nguyén Thanh Phuong, 2011. Anh hudng cia
oxy hoa tan 1én tang trudng cua ca tra Pangasianodon hypophthalmus. Ky yéu Hoi nghi
Khoa hoc cong nghé tudi tré cac truong Pai Hoc va Cao dang khoi Nong-Lam-Ngu-Thuy
toan quoc lan thur 5. Thang 5/2011. Pai Hoc Can Tho. 638-643.

Pichavant K., J. Person-Le-Ruyet, N. L. Bayon, A. Sévere, A. L. Roux, L Quéméner,
V.Maxime, G. Nonnotte and G Boeuf, 2000. Effects of hypoxia on growth and
metabolism of juvenile turbot. Aquaculture 188(1-2) : 103-114.

Pichavant, K., J. Person-Le-Ruyet, N. L. Bayon, A. Sévére, A. L. Roux and G. Boeuf, 2001.
Comparative effects of long-term hypoxia on growth, feeding and oxygen consumption in
juvenile turbot and European sea bass. Journal of Fish Biology 59(4): 875-883.

Thetmeyer, H., U. Waller, K. D. Black, S. Inselmanand and H. Rosenthal, 1999. Growth of
European sea bass (Dicentrartrus ladbrax L) under hypoxic and oscillating oxygen
conditions. Aquaculture 174:355-357.

115



