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Fig. 1 Trends in China’s share of the global zebrafish research volume
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This figure shows the number of research papers found in the Web of Science™ Core Collection using the keyword “zebrafish”, followed by

the global share of papers published in China; The light gray bars in the figure represent the total number of papers published worldwide

related to zebrafish, while the dark gray bars represent the number of papers published in China; The percentages indicate the global share of

Chinese research
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Tab. 1 Water indicators in the standards and guidelines of zebrafish husbandry

. RSPCAJEFE™  CccACH®™  UFAWEM™  spmfmpp  CZRCER

fibrIndex Guidance of RSPCA Guidance of CCAC Handbook of UFAW GB/T 396492020 Reﬁ%nzleRnCded
I % Temperature ('C) 28.5 26—29 24—29 2430 25—28.5
pH 7—8 7—8 7—8 6.8—7.5 7—38
H, 5 R Conductivity (uS/cm) — 200—3000 500—800 300—1500 500—800
fifi & Calcium hardness (mg/L CaCO5) _ 75200 75—200 75200
7 4%DO (mg/L) 6 6—8 7.8 =5 6—8
JEBS T A ZNH;-N (mg/L) — <0.05 0 <0.02 <0.02
NO; (mg/L) — <0.1 0 <0.2 <0.1
NO3 (mg/L) — <50 <25 — <10
I 2 & Free chlorine (mg/L) — <0.01 0 — 0
J6J8 HIPhoto period (h)t/hik%) 14/10 14/108%12/12 14/10 14/10 14/108%12/12
JGHE B Light intensity (1x) 54—324 54—324 54—354 54—324 54—324

TE: RSPCAN“SEH 2 5K B 1 JERF sl B 22 I I FR; CCACTY“INEE KRB W13 B 2R B3 22 (K I PR, UFAW 35 [6 28 35 HLA4 2 M4
R A 22 IO TRTRR; S5 0 [ AR [ ARMEGB/T 39649—2020 (SEEGAN4 SLg i 42 ) I FIFR; CZRCy I ZKBE 1 1 B3 i h
O TRTRR

Note: RSPCA stands for Royal Society for the Prevention of Cruelty to Animals; CCAC stands for the Canadian Council on Animal
Care; UFAW stands for the Universities Federation for Animal Welfare; National standard of laboratory stands for GB/T

39649—2020<Laboratory animal—Quality control of laboratory fish>; CZRC stands for China Zebrafish Resource Center
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Tab. 2 Recommended range for zebrafish stocking density
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Tab.3 Common experimental operations in zebrafish

SLG#/E Experimental operation

VE 2 3 iPrecaution

P e FEFAIL] R G045 45
B EHT I BT
fRE YRR i DR R B

WZTTE: BRI

AIEARLE fn ik R IR R/ NERAE, — BEANEL0.25 em
% v T A 77, M2k 177 X 380 A Bk
JIERS R A ) 2 2 K AR A R A8 1 1
i TR MR AR T e T
I BRE AR SR o BEZN Bk I MBS KER, 18 G 555 0
fiff 22 B 1 /BT 2 AT ISR
FEi bk i LERE DN TR S L€

Wy R H I

TE R EAR i R BT V), T T D) 1 JE BEATWCER, R AR T 22 KA




2

ZERORRAE: PR SIS A AR A B

7

iAr—‘—» =12}

FEDE 5 SRR, BRI IS 2 e e 1% &2
EH TR N o i K IR BERAR 5| R I
WO L, 3 BEAT KR I PR A Y, {3 L 5 IR A B
BT 2, IR B kAL & BT K.
T RRAT B 10 1 1 1) 25 8, SRR AN L LR
BEANRMCOT A RS ATR, BR R B 8 ) -

7 RERRE
SLUG BN I A iy 4 SR R SR AE IR, R R S

5 R P SR W SR SE AN 2 1 22 SR AU DT iR AT RE K
FRIV AR PR8I, 34T B 45 P s 3 i

FEEP RIS AR, B fO S IR SRR RS T K
XK, HoF3 5 e e LA™, LRI
Bi T M5 i, AR R K A T k66 H
T 184 A LR B S ST a4k, 77 B, e
98 I RRAR, 25 5 R AN T B A K o, T i
PAZSRAUAR B . BB Z A, A R84 I H 58 b
R BT E LI R AR . FRIE T R RS L. A
FCPESLS, W] e B M A% HURE 2 11, NSt
T IRHE SR RN P A K M B RO Y
Rifg % FaeAbEE

FEPE Ly 8 22 R AE TRk F T, R G H R
KAEBT B AR/ KA SRR AR, B fR BT 7
ERERT A A R A R B R —— AR B S

®4 HDEHEHNE

Tab.4 Recommended indicators

ANIE, (A T VAR T AR . A R R e A
PP, R R BE £l 2 R A W R
b e o R R PRI A P 3— S35 T 1 5 WK B P R e
7, W By fR N FL R, USR8 B 58 42 45 1 I 4k 4k
2iE30min A b, fRIEf CBETS; 55 A e EEKIG
EAIRTOE): BB AR N VKK &4l fE
VKARF 5 B> 50%) Fh 22 /040min, PARERFET:. X T
JVE i AT 81, o R B R IR v R SR AN, IR R UK
15, ATTEFE /0 VKR Ja BRI T IR & BR BNV (500 mg/
Ly gt T, o TRE 4, B AR UKK
HRIR I T K B A BEARIEAE TS . EARIEPE S i
BTG, T e SRS 0 Bt AT TC AL AL P .

8 ERIMEXITEIR

PRIy URTE TR PR R R RS [ 5K, B3 18
AR Y ORI I, o FAR R R AR S AR v VS
WRIETIE . H20104 PR, 2 AN S 4R A I
St 1 — ZR BB X B i S 06 S0 ) A R R R AL
SCAF, AR IR BT AR . SRR AR B A
R TR SR, 3R SRRMELK, N BON Z
VBRSO HEAT 1R

SnEH o
9 g

PR AR Oy — R 2 RSB, A i
B SR PR AR AR B A ) B A R KA 2 —, H
st E

for zebrafish transportation

KEBrB IR 2 TR e nfin il
Developmental stage Temperature (‘C) Density Air content Transportation duration
i 1#/mL £150% 5 dpfRT 2L H (1
4 20—30 <50/2/L )
21385 3 EX H B
pac <10E/L
x5 ERIMIHHSHDEEFIEXHNTERIERE
Tab. 5 Guidelines related to the welfare of zebrafish
RATHLH AR A MR ik
A Release :
gency date Title Note
oL [E 25K 1L E RSP & Royal 20104F Guidance on the housil%% and care of  HFEHLMAEAIFEE. BF. 2. SLIHRE

Society for the Prevention of Cruelty to Zebrafish Danio rerio

Animals (RSPCA)
Kk B3 ~THE COUNCIL OF THE ~ 20104F European Directive
EUROPEAN UNION 2010/63/EU (Annex IV)'

5[5 B X TLAEBEUSA-National
Institutes of Health

& KEN P4 # 25 51 4 The Canadian
Council on Animal Care (CCAC)

T [H 2 WA SR R 2 The
Universities Federation for Animal
Welfare (UFAW)
ExRm B EHL RN,
FAAEE B 7 o5

20114F

20204F

20244

Research Animals™

20204F
Y St R D)

Guide for the Care arxl_d Use of
Laboratory Animals”™

CCAC guidelines: Zebrafish and other
small, warm-water laboratory fish

[ Z bR 1EGB/T 39649—

22 IR FEAE N 2
(ORI RN SN b L I e R e B

AR G LRI, RN 24,
IR

OIERED GRS, Wi, 5. %
BOMEETEL, STUOHR{E. (R RRE. BRI
LR TP

98]

The UFAW Handbook on the Care and B S 11HF% ., 2%, IEENE
Management of La}lz]oratory and Other

BUESEIR IR A E . BRI R

2020 (SEUGE
! 75 AE U AR IR B it 2 P

[36




8 KR R

2026, 50(2): 022618

EPE S MR EE . LI E. EHREST
TH] S P AR A OR B AT B o Aok, B B Ak
BURAE ZE R AR I R R, R VEHHERE SE50
IR TAE AL B (Ex sebrvfE o, o
B Z B R SIS AR R TR T T A . ARLGER RS
Iy M T SRR Eh B 0 22 T TH AR R K, B
TR, KRB, R, BH. LREE. B
Je 2 SRACEE T T, R T 5L 06 S B 1 A A A7
HE 5y S 6 f0 A bR v 4k JE FE B AL B IG S 1 5 S k
B,

ASCMCBLTR JUAS 77 T 6 BE 1 1) 4 R BR 2R 3dt
ATTH8: (1)BE 1 R 5 R e 1 S5 L)
Y EA R AT e, R TS5 dpfi B - is B
A PPN BE ), B BOZ I BAE B AR
FIE B & R IRHTBG (2)FR KA 1 £
(BRI R EL R, TR IR & IS BT A b it S 500
Bl i, A7 75 e 0 0 7K 5, T B[R] 7K 0 S 5 R fhE
FRE RS s (3)TE T 77 5 B H B 3y THT, B B 77 2
B Rk IR L AT U =X, TSR T B K
s (4) TESEIGHRAE 7 T, B 3500 SE B0 % R AT 4
TR 8 B SR B AL, VS S0 R 2D IR, DLk
G B D BE L ) SRR L 18 N K AT
RBEAS; (5)is S BN A 82 R s e A2 R
B B AR R R, Ao A BRI B IE R
i AR 25 771, A 0D D 3 A T ) R
W0, [F I 7 1500 AL 4 (6) % SR AL 2 5L 5 )W)
TR R AL OIS, TR PEDE 1 £ 22 SR AU V0,
TR EHREWB . MR KN A F 2L,
645 v AR PR PR B B B VKRV, AR AR AT T B R B
ST o

21t PR, ZANE ARGk AT T ¢ T sLi
(B PL f0) A SR B AN Tt o R o /e AR 3 50
SIS SRR TAE, Saidn (SL3esh¥) 48 Fe 3w
) (GB/T 35892—2018)F1 ( Szt sh¥ #& Al
JEIY (GB/T 42011—2022)%%5 [ 5 b e, H & 7F 4%
I F 7 T B B A s e R i A sh A,
R R St AR A AD . 20204E R AR (52
e shA) S e d] ) (GB/T 39649—2020)
F bR T BE L 10 752 5 /K A 358 S 50l B e, (EF
S HE S0 ) 4 R R AR ) 22 4 (R AR O 2% 2B
] 5B 0 B YR 0 e H R TAE R IR B R E R AR
W, WA I AR IR, BEH . RER A
B, SEORHRAE . i R0 s KR AE fa 2, IX s
) H O D ) A e B AR R AR DG . A
HRT DA I, AR 25 BE 5 0 R A S 56 sh P IR AT 7L
R 2 0 B S A AR T R SRR A, X

TEARIC B RV SCAF T 22 3K 2o s 5 mp i Y HH B
BRIV E B BRI IR A, AL
ok EOKHIOE, ™ E 2w BHE AR it e
A0 KOl AT SEE o T DL, HE) B 5 4 )
HH 9% BRI DA SRR AR v R 9 A A0 IS P R AR A R 1Y 1
Ao R B ) SR B ) R A BT, 2
BEPb AL R, 58 B B BT O i WO BRI
I AUAT B £ S S AR A KA AR AE R ] P
PR BIRE S s f01 A8 M A 5C N A AN B K S s
YR ER R

(TE & A AR SCRT 5 RRAR B 2K

BEHL:

[11 Luo X Q,Li L X, Li SS, et al. Current situation and
countermeasures of laboratory animal welfare in medical
research in China [J]. Laboratory Animal and Compara-
tive Medicine, 2018, 38(5): 403-406. [B /N, Z =T, &
oA, A5 . BE 2 RS2 56 3h WA A BIUIR Bt 5 (7]
SEEG BN EL AT EE 2, 2018, 38(5): 403-406.]

[21 Yang G B. Ethical reflection on laboratory animals in
biomedical research [J]. Chinese Medical Ethics, 2010,
23(3): 10-13. [# E . L9 = 220 50 rh S2 36 2h i 46 22
20 R LZE (], I R AR A, 2010, 23(3): 10-
13.]

[3]1 National Research Institute Family Planning, National
Institutes for Food and Drug Control, Beijing Cancer
Hospital, et al. Laboratory animal-Guideline for ethical
review of animal welfare (GB/T 35892-2018) [S]. General
Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China, Standardi-
zation Administration of the People’s Republic of China,
2018. 24. [ K DA A B RL R R FL BT,
2yl E T TR, AL RO S R 2 B, 55 SR sh i Aa
FE B B R [S]. A N R AN [ [ 5 o & B e
B35 N )R R B B AR HE AL B R A 22, 2018: 24 ]

[4] Kirk R G W. Recovering the principles of humane experi-
mental technique: the 3Rs and the human essence of
animal Research [J]. Science Technology & Human
Values, 2018, 43(4): 622-648.

[5] Commission E. 2019 Report on the Statistics on the use of
Animals for Scientific Purposes in the Member States of
the European Union in 2015-2017 [Z]. Commission E.
Brussels; European Commission. 2020.

[6] Cartner S E J, Farmer S, Guillemin K, et al. The
Zebrafish in Biomedical Research: Biology, Husbandry,
Diseases, and Research Applications [M]. 1st ed ed. San
Diego CA: Academic Press: American College of Labora-
tory Animal Medicine Series, 2019.

[71 Andersen-Civil A I S, Sawale R A, Vanwalleghem G C.
Zebrafish (Danio rerio) as a translational model for
neuro-immune interactions in the enteric nervous system
in autism spectrum disorders [J]. Brain, Behavior, and


https://doi.org/10.1016/j.bbi.2023.06.001
https://doi.org/10.1016/j.bbi.2023.06.001
https://doi.org/10.1016/j.bbi.2023.06.001
https://doi.org/10.1016/j.bbi.2023.06.001

2

ZERORRAE: PR SIS A AR A B 9

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

(22]

Immunity, 2023(112): 254-266.

de Abreu M S, Demin K A, Giacomini A, et al. Under-
standing how stress responses and stress-related beha-
viors have evolved in zebrafish and mammals [J]. Neuro-
biology of Stress, 2021(15): 100405.

Malafoglia V, Bryant B, Raffacli W, et al. The zebrafish
as a model for nociception studies [J]. Journal of cellular
physiology, 2013, 228(10): 1956-1966.

Mills E G, Izzi-Engbeaya C, Abbara A, ef al. Functions of
galanin, spexin and kisspeptin in metabolism, mood and
behaviour [J]. Nature Reviews Endocrinology, 2021,
17(2): 97-113.

Ohnesorge N, Heinl C, Lewejohann L. Current methods
to investigate nociception and pain in zebrafish [J]. Fron-
tiers in Neuroscience, 2021(15): 632634.

Gazzano V, Ogi A, Cecchi F, ef al. Cognitive bias in adult
zebrafish (Danio rerio): a systematic review [J]. Veteri-
nary sciences, 2025, 12(1): 71.

Lee C J, Paull G C, Tyler C R. Improving zebrafish labo-
ratory welfare and scientific research through understand-
ing their natural history [J]. Biological Reviews of the
Cambridge Philosophical Society, 2022, 97(3): 1038-
1056.

Steenbergen P J, Bardine N. Antinociceptive effects of
buprenorphine in zebrafish larvae: An alternative for
rodent models to study pain and nociception [J]? Applied
Animal Behaviour Science, 2014(152): 92-99.

Akinrinade I, Kareklas K, Teles M C, et al. Evolutiona-
rily conserved role of oxytocin in social fear contagion in
zebrafish [J]. Science, 2023, 379(6638): 1232-1237.
Alsop D, Vijayan M. The zebrafish stress axis: molecular
fallout from the teleost-specific genome duplication event
[J]. General and Comparative Endocrinology, 2009,
161(1): 62-66.

Li X H, Fu C, Tan X T, et al. Responses of zebrafish to
chronic environmental stressors: anxiety-like behavior
and its persistence [J]. Frontiers in Marine Science, 2025,
12(1551595).

Kimmel C B, Ballard W W, Kimmel SR, ef al. Stages of
embryonic development of the zebrafish [J]. Developmen-
tal Dynamics, 1995(203): 253-310.

de Souza A M, da Silva Junior F C, Dantas E D, et al.
Temperature effects on development and lifelong beha-
vior in zebrafish [J]. Science of the Total Environment,
2025(973): 179172.

Cortemeglia C, Beitinger T L. Projected US distributions
of transgenic and wildtype zebra danios, Danio rerio,
based on temperature tolerance data [J]. Journal of Ther-
mal Biology, 2006, 31(5): 422-428.

McArthur K L, Chow D M, Fetcho J R. The Zebrafish in
Biomedical Research: Biology, Husbandry, Diseases, and
Research Applications [M]. 2019.

Schaefer J, Ryan A. Developmental plasticity in the ther-

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

B1

[32]

[33]

[34]

[35]

[36]

mal tolerance of zebrafish Danio rerio [J]. Journal of
Fish Biology, 2006, 69(3): 722-734.

Sfakianakis D, Leris I, Laggis A. The effect of rearing
temperature on body shape and meristic count in
zebrafish (Danio rerio) juveniles [J]. Environmental Bio-
logy of Fishes, 2011(92): 197-205.

Hammer H S. Chapter 29 - Water Quality For Zebrafish
Culture [M]. Cartner S C, Eisen J S, Farmer S C, et al.
The Zebrafish in Biomedical Research. Academic Press.
2020: 321-335.

Sanders E, Farmer S C. Aquatic models: water quality
and stability and other environmental factors [J]. Illar
Journal, 2020, 60(2): 141-149.

Wedemeyer G A. Physiology of Fish in Intensive Culture
Systems [M]. 1 ed.: Springer New York, NY, 1999.
LiuLY,Pan LY, Sun Y H. Pathogen isolation and iden-
tification of the zebrafish “hole in the head” disease and
diagnosis of common diseases [J]. Progress in Bioche-
mistry and Biophysics, 2022, 49(5): 917-927. [Ml /1 H , i%&
B, IR, BE R S 1 0 B A R
WL W ], V%5 R at g, 2022, 49(5):
917-927.]

Tsang B, Gerlai R. Nature versus laboratory: how to opti-
mize housing conditions for zebrafish neuroscience
research [J]. Trends in Neurosciences, 2024, 47(12): 985-
993.

Murray K N, Lains D, Spagnoli S T. Chapter 39 - Water
Quality and Idiopathic Diseases of Laboratory Zebrafish
[M]// Cartner S C, Eisen J S, Farmer S C, et al (EDS.),
The Zebrafish in Biomedical Research. Academic Press.
2020: 463-477.

Kent M L, Sanders J L, Spagnoli S, et al. Review of
diseases and health management in zebrafish Danio rerio
(Hamilton 1822) in research facilities [J]. Journal of fish
diseases, 2020, 43(6): 637-650.

Villamizar N, Vera L M, Foulkes N S, et al. Effect of
lighting conditions on zebrafish growth and development
[J]. Zebrafish, 2014, 11(2): 173-181.

Silva P F, Garcia de Leaniz C, Freire F A M, et al. Diffe-
rent housing conditions for zebrafish: What are the effects
[J1? Behavioural Processes, 2023(209): 104886.
Gallas-Lopes M, Benvenutti R, Donzelli N I Z, et al. A
systematic review of the impact of environmental enrich-
ment in zebrafish [J]. Lab Animal, 2023, 52(12): 332-343.
Tsang B, Gerlai R T. Common aquarium plants as an
enrichment strategy in zebrafish facilities [J]. Zebrafish,
2022, 19(6): 218-223.

Marcon M, Mocelin R, Benvenutti R, ef al. Environmen-
tal enrichment modulates the response to chronic stress in
zebrafish [J]. Journal of Experimental Biology, 2018,
221(Pt 4).

Ruhl N, McRobert S P, Currie W J. Shoaling preferences
and the effects of sex ratio on spawning and aggression in


https://doi.org/10.1016/j.bbi.2023.06.001
https://doi.org/10.1016/j.ynstr.2021.100405
https://doi.org/10.1016/j.ynstr.2021.100405
https://doi.org/10.1016/j.ynstr.2021.100405
https://doi.org/10.1016/j.ynstr.2021.100405
https://doi.org/10.1016/j.ynstr.2021.100405
https://doi.org/10.1002/jcp.24379
https://doi.org/10.1002/jcp.24379
https://doi.org/10.1038/s41574-020-00438-1
https://doi.org/10.3389/fnins.2021.632634
https://doi.org/10.3389/fnins.2021.632634
https://doi.org/10.3390/vetsci12010071
https://doi.org/10.3390/vetsci12010071
https://doi.org/10.1111/brv.12831
https://doi.org/10.1111/brv.12831
https://doi.org/10.1016/j.applanim.2013.12.001
https://doi.org/10.1016/j.applanim.2013.12.001
https://doi.org/10.1126/science.abq5158
https://doi.org/10.1016/j.ygcen.2008.09.011
https://doi.org/10.1002/aja.1002030302
https://doi.org/10.1002/aja.1002030302
https://doi.org/10.1016/j.scitotenv.2025.179172
https://doi.org/10.1016/j.jtherbio.2006.01.011
https://doi.org/10.1016/j.jtherbio.2006.01.011
https://doi.org/10.1016/j.jtherbio.2006.01.011
https://doi.org/10.1111/j.1095-8649.2006.01145.x
https://doi.org/10.1111/j.1095-8649.2006.01145.x
https://doi.org/10.1007/s10641-011-9833-z
https://doi.org/10.1007/s10641-011-9833-z
https://doi.org/10.1007/s10641-011-9833-z
https://doi.org/10.1016/j.tins.2024.08.013
https://doi.org/10.1111/jfd.13165
https://doi.org/10.1111/jfd.13165
https://doi.org/10.1089/zeb.2013.0926
https://doi.org/10.1016/j.beproc.2023.104886
https://doi.org/10.1038/s41684-023-01288-w
https://doi.org/10.1089/zeb.2022.0036

10

KR R

2026, 50(2): 022618

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

small laboratory populations of zebrafish (Danio rerio)
[7]. Lab Animal, 2009, 38(8): 264-269.

Spence R, Gerlach G, Lawrence C, et al. The behaviour
and ecology of the zebrafish, Danio rerio [J]. Biological
Reviews of the Cambridge Philosophical Society, 2008,
83(1): 13-34.

Spence R, Fatema M K, Reichard M, et al. The distribu-
tion and habitat preferences of the zebrafish in
Bangladesh [J]. Journal of Fish Biology, 2006(69): 1435-
1448.

Stevens C H, Reed B T, Hawkins P. Enrichment for labo-
ratory zebrafish-a review of the evidence and the chal-
lenges [J]. Animals, 2021, 11(3): 698.

Schroeder P, Jones S, Young I S, et al. What do zebrafish
want? Impact of social grouping, dominance and gender
on preference for enrichment [J]. Laboratory animals,
2014, 48(4): 328-337.

Reed B, Jennings M. Guidance on the Housing and Care
of Zebrafish Danio rerio [M]. 2011.

The Canadian Council on Animal Care Board. CCAC
Guidelines: Zebrafish and Other Small, Warm-water
Laboratory Fish [S]. 2020.

Wilson C. Zebrafish [M]. The UFAW Handbook on the
Care and Management of Laboratory and Other Research
Animals. 2024: 933-955.

Guangdong Laboratory Animals Monitoring Institute,
Institute of hydrobiology Chinese academy of sciences,
PearlRiver Fisheries Research Institute, et al. Laboratory
animal-Quality control of laboratory fish (GB/T 39649-
2020) [S]. General Administration of Quality Supervi-
sion, State Administration for Market Regulation, Stan-
dardization Administration of the People’s Republic of
China, 2020: 28. [J7" 7= 44 S5 20 70 e U B, o 16D R 2 Bt
IKAA I FER, o K R BT TTRE BRIV K 0F 7T
Jit, 8. SEEGEhY) S PR ) [S]. B X i R
B R B SR E B P &, 2020: 28 ]
DePasquale C, Fettrow S, Sturgill J, et al. The impact of
flow and physical enrichment on preferences in zebrafish
[J]. Applied Animal Behaviour Science, 2019(215): 77-81.
Alestrdm P, D’Angelo L, Midtlyng P J, et al. Zebrafish:
housing and husbandry recommendations [J]. Laboratory
Animals, 2020, 54(3): 213-224.

Licitra R, Fronte B, Verri T, et al. Zebrafish feed intake: a
systematic review for standardizing feeding management
in laboratory conditions [J]. Biology, 2024, 13(4).

Lam P Y, Peterson R T. Developing zebrafish disease
models for in vivo small molecule screens [J]. Current
Opinion in Chemical Biology, 2019(50): 37-44.
Changzhou Environmental Monitoring Center, Chinese
Research Academy of Environmental Sciences. Water
quality-Determination of the acute toxicity-Zebrafish
(Danio rerio) eggs method (HJ 1069-2019) [S]. Ministry
of Ecology and Environment, 2019: 19. [{L. 754 & M ¥&

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

S8 M 0 v, e R BRI 5 B B B R v 5 XU VP
i 6] ¢ B e S0 5. KT AR MR RO E B Yk
[S]. AL, 2019: 19.]

Tsang B, Zahid H, Ansari R, et al. Breeding zebrafish: a
review of different methods and a discussion on standardi-
zation [J]. Zebrafish, 2017, 14(6): 561-573.

Tsang B, Ansari R, Gerlai R T. Chapter 2-Maintenance
and Breeding of Zebrafish, with Some Ethological and
Ecological Considerations in Mind [M]. GERLAI R T.
Behavioral and Neural Genetics of Zebrafish. Academic
Press. 2020: 17-32.

Hillman C, Cooper A H, Ram P, et al. The effect of labo-
ratory diet and feeding on growth parameters in juvenile
zebrafish [J]. Lab Animal, 2024, 53(11): 327-335.
Andersson M, Kettunen P. Effects of holding density on
the welfare of zebrafish: A systematic review [J].
Zebrafish, 2021, 18(5): 297-306.

Andersson M, Roques J A C, Aliti G M, et al. Low hold-
ing densities increase stress response and aggression in
zebrafish [J]. Biology, 2022, 11(5): 725.

Sen Sarma O, Frymus N, Axling F, ef al. Optimizing
zebrafish rearing-Effects of fish density and environmen-
tal enrichment [J]. Frontiers in Behavioral Neuroscience,
2023(17): 1204021.

Longkumer S, Jamir A, Pankaj P P. Maintenance and
Breeding of Zebrafish under Laboratory Conditions for
Animal Research [M//Kumar A (Eds.), Agricultural
Science Digest. 2024: 551-555.

Kohale K. The Housing and Husbandry of Zebrafish
(Danio rerio) in a Laboratory Environment [M]//Nagara-
jan P, Gudde R, Srinivasan R (Eds.), Essentials of Labo-
ratory Animal Science: Principles and Practices. Singa-
pore; Springer Singapore. 2021: 277-311.

Ulloa P E, Iturra P, Neira R, et al. Zebrafish as a model
organism for nutrition and growth: towards comparative
studies of nutritional genomics applied to aquacultured
fishes [J]. Reviews in Fish Biology and Fisheries, 2011,
21(4): 649-666.

Fowler L A, Williams M B, D’Abramo L R, ef al. Chap-
ter 33-Zebrafish Nutrition-Moving Forward [M]//Cartner
S C, Eisen J S, Farmer S C, et al (Eds.), The Zebrafish in
Biomedical Research. Academic Press. 2020: 379-401.
Watts S A, D'Abramo L R. Standardized reference diets
for zebrafish: addressing nutritional control in experimen-
tal methodology [J].
2021(41): 511-527.
Fernandes H, Peres H, Carvalho A P. Dietary protein

The Annual Review of Nutrition,

requirement during juvenile growth of zebrafish (Danio
rerio) [J]. Zebrafish, 2016, 13(6): 548-555.

Ma Q, Hu C-T, Yue J, et al. High-carbohydrate diet
promotes the adaptation to acute hypoxia in zebrafish [J].
Fish Physiology and Biochemistry, 2020, 46(2): 665-679.
Xi L, Lu Q, Liu Y, et al. Study on carbohydrate


https://doi.org/10.1038/laban0809-264
https://doi.org/10.1111/j.1469-185X.2007.00030.x
https://doi.org/10.1111/j.1469-185X.2007.00030.x
https://doi.org/10.1111/j.1095-8649.2006.01206.x
https://doi.org/10.1177/0023677214538239
https://doi.org/10.1016/j.applanim.2019.03.015
https://doi.org/10.1177/0023677219869037
https://doi.org/10.1177/0023677219869037
https://doi.org/10.1016/j.cbpa.2019.02.005
https://doi.org/10.1016/j.cbpa.2019.02.005
https://doi.org/10.1089/zeb.2017.1477
https://doi.org/10.1038/s41684-024-01456-6
https://doi.org/10.1089/zeb.2021.0018
https://doi.org/10.3389/fnbeh.2023.1204021
https://doi.org/10.1007/s11160-011-9203-0
https://doi.org/10.1146/annurev-nutr-120420-034809
https://doi.org/10.1089/zeb.2016.1303
https://doi.org/10.1007/s10695-019-00742-2

2

ZERORRAE: PR SIS A AR A B 11

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

metabolism in adult zebrafish (Danio rerio) [J]. Aquacul-
ture Nutrition, 2023(2023): 1397508.

Fowler L A, Dennis-Cornelius L N, Dawson J A, et al.
Both dietary ratio of n-6 to n-3 fatty acids and total
dietary lipid are positively associated with adiposity and
reproductive health in zebrafish [J].
ments in nutrition, 2020, 4(4): nzaa034.
Nowosad J, Kucharczyk D, Targonska K. Enrichment of

Current develop-

zebrafish Danio rerio (Hamilton, 1822) diet with polyun-
saturated fatty acids improves fecundity and larvae qua-
lity [J]. Zebrafish, 2017, 14(4): 364-370.

Lebold K M, Lohr C V, Barton C L, et al. Chronic vita-
min E deficiency promotes vitamin C deficiency in
zebrafish leading to degenerative myopathy and impaired
swimming behavior [J]. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 2013,
157(4): 382-389.

Onal U, Langdon C. Diet size preference of zebrafish
(Danio rerio) larvae fed on cross-linked protein-walled
capsules [J]. Zebrafish, 2016, 13(6): 556-562.

Farias M, Certal A. Different feeds and feeding regimens
have an impact on zebrafish larval rearing and breeding
performance [J]. International Journal Marine Biology
and Research, 2016(1): 1-8.

Vargesson N. Zebrafish in ‘Manual of Animal Techno-
logy’ [M]. Blackwell Publishing, 2007.

Brand M, Granato M, Niisslein V C. Keeping and Rais-
ing Zebrafish [M]. Zebrafish: A Practical Approach.
Oxford University Press. 2002.

Westerfield M. The Zebrafish Book: A Guide for the
Laboratory Use of Zebrafish (Danio rerio) [M]. M. Wes-
terfield, 2007.

Lawrence C. The husbandry of zebrafish (Danio rerio): A
review [J]. Aquaculture, 2007, 269(1): 1-20.

Paull G C, Filby A L, Giddins H G, et al. Dominance
hierarchies in zebrafish (Danio rerio) and their relation-
ship with reproductive success [J]. Zebrafish, 2010, 7(1):
109-117.

Philippe C, Vergauwen L, Huyghe K, et al. Chronic
handling stress in zebrafish Danio rerio husbandry [J].
Journal of Fish Biology, 2023, 103(2): 367-377.

Kreiberg H. Chapter 29-Stress and Anesthesia [M].
Ostrander G K. The Laboratory Fish. London; Academic
Press. 2000: 503-511.

Kohler A, Valentim A M. Chapter 6 - Analgesia, Anes-
thesia, and Euthanasia in Zebrafish [M]// D’angelo L, De
Girolamo P (Eds.), Laboratory Fish in Biomedical
Research. Academic Press. 2022: 119-137.

Ramsay J M, Feist G W, Varga Z M, et al. Whole-body
cortisol response of zebrafish to acute net handling stress
[J]. Aquaculture, 2009, 297(1): 157-162.

Abdollahpour H, Falahatkar B, Jafari N, et al. Effect of
stress severity on zebrafish (Danio rerio) growth, gonadal

[79]

[80]

(81]

(82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

o1

[92]

development and reproductive performance: Do females
and males respond differently [J]?
2020(522): 735099.

Nardocci G, Navarro C, Cortés P P, et al. Neuroen-
docrine mechanisms for immune system regulation during
stress in fish [J]. Fish & Shellfish Immunology, 2014,
40(2): 531-538.

Cline A, Feldman S R. Zebrafish for modeling skin disor-
ders [J]. Dermatology Online Journal, 2016, 22(8):
130130.

Collymore C. Chapter 34-Anesthesia, Analgesia, and
Euthanasia of the Laboratory Zebrafish [M]// Cartner S C,
Eisen J S, Farmer S C, et al (Eds.), The Zebrafish in
Biomedical Research. Academic Press. 2020: 403-413.
Readman G D, Owen S F, Knowles T G, et al. Species
specific anaesthetics for fish anaesthesia and euthanasia
[1]. Scientific Reports, 2017, 7(1): 7102.

Zang L, Shimada Y, Nishimura Y, et al. Repeated blood
collection for blood tests in adult zebrafish [J]. Jove-Jour-
nal of Visualized Experiments, 2015(102): ¢53272.

Barton C L, Baumann D P, Cox J D. Chapter 37 - Export
and Transportation of Zebrafish [M]// Cartner S C, Eisen
J S, Farmer S C, et al (Eds.), The Zebrafish in Biomedi-
cal Research. Academic Press. 2020: 443-450.

National Research Council Committee for the Update of
the Guide for the C, Use of Laboratory A. The National
Academies Collection: Reports funded by National Insti-
tutes of Health [M]. Guide for the Care and Use of Labo-
ratory Animals. Washington (DC); National Academies
Press (US), National Academy of Sciences. 2011.

Chou S T, Clemons D, Dudoignon N, et al. Transporta-
tion of Laboratory Animals [M]. The UFAW Handbook
on the Care and Management of Laboratory and Other
Research Animals. 2024: 171-190.

Association A V M. AVMA Guidelines for the Euthana-
sia of Animals [M] 2020 edn ed.: Schaumburg IL:
AVMA, 2020.

Engeszer R E, Patterson L B, Rao A A, et al. Zebrafish in
the wild: a review of natural history and new notes from
the field [J]. Zebrafish, 2007, 4(1): 21-40.

Gerhard G S, Kauffman E J, Wang X, et al. Life spans
and senescent phenotypes in two strains of zebrafish
(Danio rerio) [J]. Experimental Gerontology, 2002, 37(8-
9): 1055-1068.

Van houcke J, De Groef L, Dekeyster E, et al. The
zebrafish as a gerontology model in nervous system

Aquaculture,

aging, disease, and repair [J]. Ageing Research Reviews,
2015(24): 358-368.

Ramsay J M, Watral V, Schreck C B, et al. Husbandry
stress exacerbates mycobacterial infections in adult
zebrafish, Danio rerio (Hamilton) [J]. Journal of Fish
Diseases, 2009, 32(11): 931-941.

Buenhombre J, Daza-Cardona E A, Sousa P, et al. Diffe-


https://doi.org/10.1093/cdn/nzaa034
https://doi.org/10.1093/cdn/nzaa034
https://doi.org/10.1093/cdn/nzaa034
https://doi.org/10.1089/zeb.2017.1416
https://doi.org/10.1089/zeb.2016.1307
https://doi.org/10.1089/zeb.2009.0618
https://doi.org/10.1111/jfb.15453
https://doi.org/10.1016/j.aquaculture.2020.735099
https://doi.org/10.1038/s41598-017-06917-2
https://doi.org/10.1089/zeb.2006.9997
https://doi.org/10.1016/S0531-5565(02)00088-8
https://doi.org/10.1016/j.arr.2015.10.004
https://doi.org/10.1111/j.1365-2761.2009.01074.x
https://doi.org/10.1111/j.1365-2761.2009.01074.x

12

KR R

2026, 50(2): 022618

[93]

[94]

(93]

rent influences of anxiety models, environmental enrich-
ment, standard conditions and intraspecies variation (sex,
personality and strain) on stress and quality of life in adult
and juvenile zebrafish: A systematic review [J]. Neuro-
science and Biobehavioral Reviews, 2021(131): 765-791.
Kim S W, Jung W J, Han S H, ef al. Current status of the
zebrafish euthanasia and humane endpoint in the republic
of Korea and guideline suggestion from nationwide expert
elicitation: a model for other countries [J]. Zebrafish,
2024, 21(1): 53-66.

Strykowski J L, Schech J M. Effectiveness of recom-
mended euthanasia methods in larval zebrafish (Danio
rerio) [J]. Journal of the American Association for Labo-
ratory Animal Science, 2015, 54(1): 81-84.

Collymore C, Banks E K, Turner P V. Lidocaine
hydrochloride compared with MS222 for the euthanasia
of zebrafish (Danio rerio) [J]. Journal of the American
Association for Laboratory Animal Science, 2016, 55(6):
816-820.

[96]

[97]

[98]

[99]

Kohler A, Collymore C, Finger-Baier K, et al. Report of
workshop on euthanasia for zebrafish-a matter of welfare
and science [J]. Zebrafish, 2017, 14(6): 547-551.
Matthews M, Varga Z M. Anesthesia and euthanasia in
zebrafish [J]. llar Journal, 2012, 53(2): 192-204.

Council E P a. Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010 on
the Protection of Animals Used for Scientific Purposes
[Z]. Official Journal of the European Union. 2010.
Institute of Laboratory Animals Science, CAMS &
PUMC, National Research Institute for Family Planning,
Peking University. et al. Laboratory animals-General
code of animal welfare (GB/T 42011-2022) [S]. General
Administration of Quality Supervision, State Administra-
tion for Market Regulation, Standardization Administra-
tion of the People’s Republic of China, 2019: 19. [ [E &=
SR B R A IR S BT TR, [ X AR R
BORWEFCIT, AU, &5, SLiash ) iy [S]. [H
T 37 W B B ey B SR AL A B 2 B 2. 2022: 20.]

DISCUSSION ON THE ANIMAL WELFARE IN ZEBRAFISH

LI Ling-Lu, LIU Tao, LIU Li-Yue and PAN Lu-Yuan

(China Zebrafish Resource Center, National Aquatic Biological Resource Center, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Laboratory animals play an important and fundamental role in life sciences, and their great contribution

comes at the cost of various physical and mental injuries, pains, and even deaths. As a key model organism, zebrafish
has become one of the most widely used laboratory animals in recent years. An important issue for researchers is how
to protect zebrafish welfare while ensuring the reliability of experimental results. Here, we systematically review key

welfare concerns in zebrafish research, including pain and pressure perception, water environment, feeding and breed-

ing, experimental operation, transportation, and euthanasia. This review provides theoretical support and practical gui-
dance for improving the life quality of zebrafish and promoting the standardization of laboratory fish.

Key words: Laboratory animals; Life quality; Animal welfare; Zebrafish
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