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Fig. 1 Special T-maze
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Fig. 2 The processing of spatial learning training
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Tab.1 Results of a two-way ANOVA on the effect of landmark treatment and

determination time on learning performance in the C. demasoni
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Fig.3 The percentage correct during spatial learning training in the C. demasoni
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Fig. 4 The latency to reach the correct foraging area during spatial learning training in the C. demasoni
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Tab.2 Results of a three-way ANOVA on the effects of landmark treatment, measurement time, and foraging time period on

individual swimming speed, individual swimming acceleration, and percent spent time on moving in the C. demasoni
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Fig.5 The individual swimming speeds before and after

reach the correct foraging area during spatial learning training in the C. demasoni



%5 HIRR % AT RN EH S %5 W 57

P 6a.b {7 . TC AR LA AR 20 I 2R RS B 3K A TR DX LS A M DRI R 2 A et

SRR . [ 6c W IR BEARZETESS 21~25 RUIZE b 21 35 TE 0 58 £ DR %> 04 a0 Dk n 3 B 2 T 5

IR TR B0 DX A A M T DK R P 25 S B e A 0 X (p<C0. 05) s TR AR AL AR5 21 ~ 25 Il Zhid
o 338 T B BT DX AT Y I A Dk I RE LG AR 1~ 5 RN R, 3 22 5 LA Ge it 8 L (p<<0. 05).,

0.14 0.14 -

TeFRL : y=0.000 5x+0.037 7, R?=0.1121, p=0.102 TEHPRAL: y=0.000 26+0.041 6, R*=0.0804, p=0.170
012 | BEBRAL: y=0.000 7x40.044 7, R=0.083 1, p=0.162 012 L BERRAL: y=-0.000 05x+0.0527, R*=0.0019, p=0.835
a010 o000
£ 008 £ 008}
=006 =006 -
= 004t 2 o004t
= I = A B
< 0.02 z 0.02 —o— TokhRal
0y 0r —e— jihRdl
-0.02 L L L L L L L L L L L L L L L L Il ~0.02 L L L L L L L L L L L L L L L L Il
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34
IR EL VIERI€
a BIXIEMRERXEE MR MEESNERHHXR b BZEEMBRAEREEMERKMEESISERBHXR
0.16
0.14 + [ 5% v |
—~ b4
S onl A B bR
£ 010}
=
) 0.08 |
=
2 006 a ab #
& b D 5! _E l
2
= 004
< E
0.02 |
0 SR . .
i~ 21~ 26~ BAF | 1~ 21~ 26~ KIF
50 251 300k SEER | S 251k 30K S
g gk Yk Yk Ik Yk
K TE 0 8 B X3 FIKIEHA L X

SE1~5UC H21-250C, H526~300 I AR ARSI B
¢ FAEMRBAERERIGE 1.5 5 fE 6 BRI R I IE ST 59 A e i ik & B bR
TE s AN RS 57 B 32 75 78 7] — A L 7 [R] — 00 2 B () 1 38 325 16 8 58 £ XSG S5 CBDAS R B8 £ i i) Bo) B A e 324 B L B 22 53 (p<<0. 05)
RN AE R — I 2 B I R — TR B ] B R [R Ab B 2 AR G L 25 5 (p<<0. 05) . T,
B 6 fEIR/NEGESEZE ST P BEERRE R XIEE . JE 0 A Mk mE E
Fig. 6 The individual swimming acceleration before and after

reach the correct foraging area during spatial learning training in the C. demasoni

Bl 7a.b 5 . TG B AR 2H RN B AR 2 v I 2R 8 B Gk TE A B X8R L S 8912 B I R e AR A et Lk
BYAHCOC R . M 7c R, BEARAAAESS 21~ 25 Yl kb 23K 1E 8 B8 £ DX BRI 1Y 12 3l I (] O AR T 21038 1E 6 36 &
X 35 132 e R L, T3 22 5 B e it 2 L (p<<0. 05)

2.3 ZTHEFEIENEMELERXEE

Kl 8a.b {7, JC FE bR 4 FHEE AR 2 B R A L 55 IE B SRS 21~ 25 YR EI A IR B X AR T K 2 B Y TE SR

TR EMHERR.



58 FERITEAFFWCELKF ¥ https://cqnuj. cqnu. edu. cn & 42 %

100% 100%
TeHEFRL . y=—0.065 8x+62.65, R*=0.0021, p=0.826 TCHEPRAL: y=0.207 7x+63.774, R*=0.062 8, p=0.227
90% | HARZL: y=-0.028 3x+63.577, R*=0.000 6, p=0.906 90% | HARAL: y=0.033 4x+68.705, R*=0.0027, p=0.806
80% 80%
70% 70%
= 60% 2 60% 3
= =
= 50% + T 50% +
! 40% 9 I 40% -
Lo . ' —o— FeehRAL
30% | =05 ZE! 30% f A
’ ) ' —e— iidl
20% - —— EXAR4l 20%
10% 10% F
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34
VBRI PIERI€
a HXEMERREMEHIFMELEEIIGSRBEHXER b BZEEBRERXIBFEHEELLLSIZTEHXR
100%
90%
80% B
A, #
0% | = = l
5 o ==c
=2 60% H
=
T 50% +
R
I 40%
30% f [ JEhred
20% L [ e
10%
0 1 1 — 1 1 - 1 1 — 1 1 -
Hl~ 21~ 26~ WAF | 1~ 21~ 526~ KE
SUC 25 304 SEER | SR 253K 301k SR
Yk Nk gk ek gk Yk
3K IE A B £ DX FIK EH T XIS
S-5UC, Hi21-250C., 5526~30UC I ZRRn itk 52
c BXEMBRARIBATEE 1.5 5 5% 6 A& R IE LI MNIZ A E L L&
7 EEHFNEREZEEINIISEEPAEENE R GHEEE R
Fig.7 The percent spent time on moving before and after
reach the correct foraging areas during spatial learning training in the C. demasoni
A A
3 itie

3.1 ERRNERENTEEIRE

it BRI - 02 B 23 R RIBE J1 . JF AT LR HIAS 5] 8 25 (8] 50 s 5 % 26 5 W 15 1 L 3h ) A 55 28 B >R )
(10 SR s B ML) o e s i) SRR S AR 2 b — P R 2 A 1) SR 2 SR W LA Ry s s O — U
SRR R RIS — BB A E T RE S M PR Mk Hb 3 2 RO AR AR IR Lt AR TR
BRI 00T B W R A 2% 2] B8 7 9 AR B (Carassius auratus) B KRB 8 (Rhodeus ocellatus) %18 &
fLEE 1 (Poecilia reticulata) MBE D4 (Danio rerio) 1E ARG DL T R B 2 BE 7 e B Ar 529
HENT IR AR, FLAE VR e 5 25 Bk A J5 T A SR B8 4 B T T 28 i 2 2 IR RE 5 OB sk R L tEAR Y P B
23 ) 27 20 I U B8 15 0 S8 b 2EL 750050 0% /I o 5 17 T 25 D Y 82 8 T T S8 s 2 O T8 A 3 R sk o 2, 13 B it
PREH SR N, T AT IR R S Y Z A A G SR WZ A AT 2 2 Re ). 7RSS 26~ 30 W g, B AR A 1Y
IEWAA LSS 21~ 25 YCHY IE B0 R AT B B8 3 2 RO 55 6 A DI 25 Jo) 300 v A3 0 ik 52 6 A & 7 B A i A 8 5
BIMEBL T AR I R /INE B 2 ) RIZ B T2 m . XAEFR FREMARERIEL R P E ] 8, /T Eh T



%5 HIRR % AT RN EH S %5 W 59

TEH 25 WLLJE B Zh b Bt PR AL ) SC 30 f C 2 57 1 B AR 5 B WD B IR &R L AT T REAE I 252 DI 2k A6 E v A 57 1
e 4 M P B AU 9K T 36 9 52 38 v 3K S K £ B kR B R X0 A 2 B 22 S AR T RE T BEIA
Rl 22 B HL A Y SRS EATER AR . TCBR AR AR SR 25 25 M R B B e i 6 v IR A R AR LR B R L T RE
H T 0B A7 A5 D0 T 5 52 56 i (SR 40 MR SE HEAT BT WD R A AR JBCTH B 90 2 DAl =2 I o TG B A 2L 5 3 . 2 25 L 5 4k
R AR E PR T RO ZeR . AL B DI ZR ORI, TG 8% A 2H 0 o 2 S 56 0 B 3 TE A BE B X IR T
WHER IR > . BRSSPI 2R/ o5 0 B AT R r i 25 (8] 2 2T RE ) B AR BOAE AR 5 T BRI T B ACR . X
5 LR A 1 2 ) 25 )2 ) B ST A A e — L

100% [y, , L, 400 B
JCBhRAL: y=32.183247.690 6, R°=0.1721, p=0.233 3 TeHARA . y=—20.461x+148.86, R’=0.003 6, p=0.870
90% - BARAL: y=-19.242x483.655, R'=03115, p=0.094 = as0 | BEERAL: y=62.1320+45.29, R?=0.1000, p=0.373
‘-B .
80% f o < TERHRAL
2 300
70 | . _— g = o BhEdl
IR, $ 000 5 20
£ 50% = = )
= som | .- & 200 g
; = © °
= 40% i ¥ %
'KJ 150 F .
. . I ~
30% | B & .- 2. T
o JoikbRAL = 100 | SR
20% B S . >
o BhRsl g .
10% L S0r
al
0 . . . . . . & . . . . . .
08%  1O0%  12%  14% L% 18%  2.0% 08%  1O0%  12%  14%  16%  18%  2.0%
JivifA Lt it be
a LS ERENXR b B S5E 2125 XSG X ERBRXENEIRKHNXR

B8 ERHRNEFEZAEIINETBIRELEEHRERSE 2125 XIGEEHREERBEIM KX R
Fig. 8 Relationships between brain-to-body ratio and percentage correct during spatial learning training and

latency to reach the correct foraging area for the 21st~25th trials in the C. Demasoni

3.2 ERRNEREZTEAEZIINEIEMNIEIHHFLETL

e A8 825 (8] 27 2] B AR G FE b o 22 5% I W 230 Ok A 6 725 8] 27 ) BB ) 1Y 5 558 , X #0128 7R 25 ) 27 ) I il A o
[ 32 Bl AP Qi B I B A S RO T A DA O . A ISR R T A AT A 1) 2E ) YIRS L A TR IR A R AR
e %) [ B 90 DK R RS oA i 3G 00 . ELAEAE i S0 hn ek B2 R 7R B A ok R b 0 0 RE R AE B e [R) bG RS A B4, X
L b 3 ) 0 4 2 1) 2 2T IR R L ARSI S v L 0 b 4RI 4 3 RN o B ) 3k T B O XK
TS A U K G 0 A P A A L R R B 5K T B T A DX R /N B 1 A AR i ik A AR — R D
By 10 335 1E i T8 1 DXCIBRUR 794> A3 Dk RS A i Sl AR BE /N o X R B Gt A A T A AR T Uk I EE LIz B Ta) L
T, bR 2 R WD AR /N A A 2 ) 2 2] 1ok AR b I8 S REAE T RE A — i R EE A BiE 3 R R BRI T e
W Rz A R AE 25 18] 2 2] R B v A WA P o 7E T b A7 T8 1 PR A5 oy L B I RN S B AE 25 ) 2 ) I 1 A 1A
DK B A S 1 B T N A R A TG T R R Y PR P s SR N, O ELTE BR AR AEAE 4
T AEZS [ 2T YNGR i) 5 0 B AR 2H A A AU Dk 0 33 2 i Sl ) L0 TG 8% s 20 T 1wy o 3% W B A A7 A8 I AR D 2R /N
B fy R AR T 3X AT BE S A AE B AR AF TE (4 PR D AR N AE R R B ) R OE AR A B AR 5 '
PRI A A RS AT G o [R) IR 75 25 1) 2 2T U R )5 300 70 B R A R PR 058 vh 31308 TE ) B 8 DX 8 3 8% /N o i Y >
AT Uk o 3 85 WY Sk AT 3 2l ) G WY S 3G 0, X AT R PR O D RN SR AR 4 AT R 5 B 2 ) Y DGR R
TR B 8 L 7R B8 U A5 AR LB B R AT IR AR R

X i B0 P 9 v D 9 K L U0 K N S S Bl B[R] L AR S B R ) T 7S R AR 2] YIRS L
THRBEF B . AR P AT AR A DU L B R /N 8 2 R 2 2T I A A i VOB R B
MG . 55 X0 S 0 ) F AN (] 8 J2 5 A BIF 5 v 728 30 0% /N 25 8 1940 A A Ui K R B8 AN A A A N 4t e A IR 4 . (ELRE X T
RN R D AR /N A O A 3 1K T O DA LS 00 RS A R X ) BB K X 2 AR A B B B R 4
WA e 25, S8 B8R H (Cypriniformes) #8} (Cyprinidae) a2, B ik 5P T 2, B8 06 T8
AME L I SR H L H AR £ 28 (Cladocera)  £5% fE 28 (Copepoda) L %8 HL (Rotifera) | #% 1( (Chironomidae) %) H



60 FRIFHAFFRCEARR ¥ https://cqnuj. cqnu. edu. cn # 42 %

PARAE A ZE (2 RS S A5 A ELAE AR A BT T I A R BN A AN 6 R 1l U
JE V. 1) 1 A ) 2 — /N B KA ) B 98 H ZE A B £ 26 T B LU G HME S 4 A0 PR Bl AR O B B R AR R
S Ny ) T i R SR () 2 A A0 R b s LT A B B A A (A R T L DR R /N o B T I Y
e A B e 7 5 i Ak A e B S T R 05 T RE IR Bl A L S R A PR L A FEAS BT L R
AR/ R 1) 32 SRR AR TE B b R 5 S SR B A B 8 AR Ak, U BB I8 SRR AR S A8 ) 2 2 R IR )L JF R 25 32 3
P 2 R ) R
3.3 FERRNEHTEFEIRNSHELEZEHXER

F 5T 3R W, a0 S S A R T 4% AN 03 1 R B S EREE AR A O DR LRI R E MR R AR L id
SEAEVEAL R b /IS Yo B A R S o A AR R s R K o A 7 AR AT £ R T L S
S AR AT RE 23 LU DB B (RN B R A O T 2 R R R L AT LT A5 s ) SR W R AT AL X
LA [ 1 23 ) SRS B 1 A [ B8 R A AL AR o 9] 2 o 400 o e Rl £ DR i v Ak B B v O 1l 4R B R SCHE K. B
B g — AT 32 K R 45 b i AR AL A BT 4 AR S [ P e AR T A B AR B AR ML Z T H A
R PR 9] G ) T B0 S A IR B S N S 5 il st A Sl 0 G 9 AR TR DR AR T T T T AL o AT
2 MAACAZ W IO AR OGBS Ah L il (9 R/NOA S SN RE AR AE — B DG &R . A1 D B 4 M 25 ek Ak
(B 5 32 W ot 2 2 U 2 A 52 B0 A 00 2 RE AR T A 34 5 ROl A 0 A 8 o sk 9 3 1 3 SO T L AR
I B 5 2 UL IR 0 /DN B Ao ] 22 5 R Bt B s e 1 M 28 AR G ) B R A R B B PR L S e REFR AL SR R T
il 12 3 C 22 100 (3 R PSSR AR B L RO /N R AT 55 B P i — AN O A R AR ZEETE AL
A0 ST I /N s T RIBE 1 56 RTS8 b, P 1) B AT G802 5 B R IEAROGSG & (p<<0. 05) , RIZS ] A
1B 7 S B A VRSB B U S A I o R o A R A A DG BF 5 v B e S TR) A 20 BB T R B A DG
5 RS R B FEABIESE AP 3 2R /N S 0 04 A b 5 3 () 27 > BE ) 22 M) R AF AR e T2 T S0 R A O 5
F . LRBEFEA R U] TR R R 03 2 (8] A9 ) BE AP AR 22 57 . e Abh IR A% DR /N S5 D TBE g T] A9 I il 5 A% T
B A I 7L 2 R 5 28 B BIE S R A B8 R 5 X T A 2 4 TA) 5 2T B8 T 5 A DR IS B8 S BB 5 SR A — B A
TR 2 N 7L S RN IS B M ARG T B AR T 5 T o L B B A T 8 S A T B A o 2R 22 AR S
0 100 ) A /N5 22 [ 2 o 22 ) ) 5 28 A T RE R IR HP A5 2 >0 A S A DXy 4 il B 491 A R/ o e Y (R R EEAE
Je S 5 BE AT O B K

25 B FTIR B AR /N A B BA — 25 ] ) BE T RERS A ST T LR R S A 2 R A I R . T A ] o
> i R BE AR RO AFAE AR TE T PR AR /N G 00 R R IR R AR AT B W T RS I ) R A . A s A o) R P
RN E B 10 18 2 S BB AN W I ATE B 25 0E A T8 B XU A SR B 0, 7E R R AR /N A = [ A ) 1)1 2k
AR A A A ) 2 S RE D TR R A A SC G R . RIS SRR SR WE S R I X R R R A A O R
2B AL 1T 5 B AT BRI RE 7 0] fE 52 B A D 3R 4R 3R 2% O RV A B2 0 L R SR T — 2P R A R AR A IR
A 531 X6 DA KT RE J7 9 52 1 o DT AT LA R 2 K b s 7 £ 2K B T T RE

SEW:

[1] DILL L M. Adaptive flexibility in the foraging behavior of fishes[J]. Canadian Journal of Fisheries and Aquatic Sciences,1983,40
(4):398-408.

[2] ODLING-SMEE L C, BOUGHMAN J W, BRAITHWAITE V A. Sympatric species of threespine stickleback differ in their
performance in a spatial learning task[J]. Behavioral Ecology and Sociobiology,2008,62(12):1935-1945.

[3] SCHENK F,MORRIS R G M. Dissociation between components of spatial memory in rats after recovery from the effects of
retrohippocampal lesions[ J]. Experimental Brain Research,1985,58(1):11-28.

[4] PRAVOSUDOV V V,CLAYTON N S. A test of the adaptive specialization hypothesis: population differences in caching,
memory,and the hippocampus in black-capped chickadees (Poecile atricapilla)[]]. Behavioral Neuroscience,2002,116(4) :515-
522.

[5] JONES C M, BRAITHWAITE V A, HEALY S D. The evolution of sex differences in spatial ability [ J ]. Behavioral
Neuroscience,2003,117(3) :403-411.

[6] A EF. JLAMIR K 02575 5] 2 2] HigAZ B gE (D], s« o BB 2 B K AR A= P Bk 92 B, 2007.

ZHU Y R. Studies on spatial learning and memory of some freshwater fishes[ D]. Wuhan: Institute of Hydrobiology, Chinese



%5 HIRR % AT RN EH S %5 W 61

Academy of Sciences,2007.
[7] WOLBERS T,HEGARTY M. What determines our navigational abilities?[ J]. Trends in Cognitive Sciences,2010,14(3):138-
146.
[8] TIERNEY A J, ANDREWS K. Spatial behavior in male and female crayfish (Orconectes rusticus): learning strategies and
memory duration[ J]. Animal Cognition,2013,16(1):23-34,
[9] MENZEL R,DE MARCO R J,GREGGERS U. Spatial memory, navigation and dance behaviour in A pis mellifera[]]. Journal of
Comparative Physiology A:Neuroethology.Sensory, Neural,and Behavioral Physiology,2006,192(9) :889-903.
[10] LONG J X,FU S J. Spatial learning of individual cichlid fish and its effect on group decision making[J]. Animals, 2022, 12
(10):1318.
[11] SISON M,GERLALI R. Associative learning in zebrafish (Danio rerio) in the plus maze[ J]. Behavioural Brain Research,2010,
207(1):99-104.
[12] PITTMAN J T.LOTT C S. Startle response memory and hippocampal changes in adult zebrafish pharmacologically-induced to
exhibit anxiety/depression-like behaviors[J]. Physiology & Behavior,2014,123:174-179.
[13] RODRIGUEZ F,DURAN E,VARGAS ] P,et al. Performance of goldfish trained in allocentric and egocentric maze procedures
suggests the presence of a cognitive mapping system in fishes[]J]. Animal Learning &. Behavior,1994,22(4) :409-420.
[14] HUGHES R,BLIGHT C. Two intertidal fish species use visual association learning to track the status of food patches in a
radial maze[ J]. Animal Behaviour,2000,59(3) :613-621.
[15] RODRIGUEZ F,QUINTERO B, AMORES L,et al. Spatial cognition in teleost fish:strategies and mechanisms[]J]. Animals,
2021,11(8):2271.
[16] NADEL L. Multiple memory systems: what and why, an update[ M]//SCHACTER D L, TULVING E. Memory systems.
Cambridge: The MIT Press,1994:39-63.
[17] SHETTLEWORTH S J. Varieties of learning and memory in animals[]]. Journal of Experimental Psychology Animal Behavior
Processes,1993,19(1) :5-14.
[18] BURNS J G,RODD F H. Hastiness, brain size and predation regime affect the performance of wild guppies in a spatial memory
task[J]. Animal Behaviour,2008,76(3):911-922.
[19] HOFMAN M A. Evolution of the human brain: when bigger is better[J]. Frontiers in Neuroanatomy,2014,8:15.
[20] BROGLIO C,GOMEZ A,DURAN E, et al. Hallmarks of a common forebrain vertebrate plan: specialized pallial areas for
spatial, temporal and emotional memory in actinopterygian fish[ J]. Brain Research Bulletin,2005,66(4/5/6) :277-281.
[21] RODRIGUEZ F,LOPEZ J C,VARGAS ] P, et al. Conservation of spatial memory function in the pallial forebrain of reptiles
and ray-finned fishes[ J]. The Journal of Neuroscience,2002,22(7):2894-2903.
[22] BROGLIO C,RODRIGUEZ F,SALAS C. Spatial cognition and its neural basis in teleost fishes[ ] ]. Fish and Fisheries,2003,4
(3):247-255.
[23] KOTRSCHAL K, VAN STAADEN M J, HUBER R. Fish brains: evolution and anvironmental relationships[]]. Reviews in
Fish Biology and Fisheries,1998,8(4) :373-408.
[24] POLLEN A A,DOBBERFUHL A P,SCACE J,et al. Environmental complexity and social organization sculpt the brain in Lake
Tanganyikan cichlid fish[J]. Brain, Behavior and Evolution,2007,70(1) :21-39.
[25] MONTGOMERY S H. Encephalizaton[ M]//FUENTES A. The international encyclopedia of primatology. New York: John
Wiley & Sons,Ltd,2017:1-2.
[26] LINDSTEDT E R,HAMILTON I M. Variation in social information use:the influences of information reliability and mass on
decision making in a group-living fish Gambusia affinis[J]. Journal of Fish Biology,2013,82(6):2095-2103.
[27] COUZIN 1 D. Collective cognition in animal groups[J]. Trends in Cognitive Sciences,2009,13(1) :36-43.
[28] BIRCK T, MESSAGE H J, BAUMGARTNER G, et al. Foraging behavior interactions between the invasive Nile tilapia
(Cichliformes: Cichlidae) and three large native predators[]J]. Neotropical Ichthyology,2019,17(3):e180116.
(297 e 28 2%, ATt . A0 0 K/ xd 28 008 4 AR EAT Ry sl A5 M2 i [T, 8 RIS R 2 % i CH SRR 22 D . 2022,39(3) 1 21-25.
LONG ] X,FU S J. Effect of group size on fission-fusion dynamics of a cichlid junvenile[ J]. Journal of Chongqing Normal
University (Natural Science),2022.39(3):21-25.
(307 BXTE 30, 38 SC IR, Ak W, 45 55 58 20 58 0 (5 1 16 JR5i B2 X 28 08 S PEAT Sy i 2w [T ], 7K A= AR )2 41, 2025,49(3) 1 155-163.
ZHAO H X,GONG W A,XIA ] G,et al. Color and illumination intensity in aquaculture environment on personality behavior of
cichlids[ J]. Acta Hydrobiologica Sinica,2025,49(3) :155-163.



62 ERMEAFZERCELAFFIR  https://cqnuj. cqnu. edu. cn & 42 %

[311 JONES N A R,CORTESE D,MUNSON A, et al. Maze design:size and number of choices impact fish performance in cognitive
assays[J]. Journal of Fish Biology,2023,103(5):974-984.

[32]1 DODSON J J. The nature and role of learning in the orientation and migratory behavior of fishes[ J]. Environmental Biology of
Fishes,1988,23(3) :161-182.

[33] WARBURTON K. The use of local landmarks by foraging goldfish[ J]. Animal Behaviour,1990,40(3) :500-505.

[347] 2= 2B # 6l 2 [8] 27 > BE 1 5 HA P FIRE 1 AU 22 I 4 B 1 SC R D], K« 3 R 2y, 2023,

LI W X. Relationship between spatial learning ability, personality,energy metabolism and brain size of crucian carp (Carassius
auratus)[ D]. Chongqing: Chongqging Normal University,2023.

(357 AR H XM T AR 52 ) iy A % i 14 2 i) 2 ) 542 [T ], AR rh R0l K22 4. 2015, 34 (1) : 91-95.

ZHU Y R, LIU H Z. Influence of landmark in spatial learning and memory in Rhodeus ocellatus[]J]. Journal of Huazhong
Agricultural University,2015,34(1) :91-95.

[36] KNIEL N,GUENTHER A,GODIN ] J. Individual personality does not predict learning performance in a foraging context in
female guppies, Poecilia reticulatal]]. Animal Behaviour,2020,167:3-12.

[37]1 KONINGS A F. Pseudotropheus demasoni sp nov:a sexually monomorphic cichlid from the Tanzanian coast of Lake Malawi
[J]. The Cichlids Yearbook,1994.4:24-27.

[38] LI S,KONINGS A F,STAUFFER J R Jr. A Revision of the Pseudotropheus elongatus species group (Teleostei: Cichlidae)
with description of a new genus and seven new species| J]. Zootaxa,2016,4168(2) :353-381.

[397 GONDA A,HERCZEG G, MERILA ]. Population variation in brain size of nine-spined sticklebacks (Pungitius pungitius)-
local adaptation or environmentally induced variation?[J]. BMC Evolutionary Biology,2011,11(1):75.

[40] KIHSLINGER R L,LEMA S C,NEVITT G A. Environmental rearing conditions produce forebrain differences in wild Chinook
salmon Oncorhynchus tshawytscha[]]. Comparative Biochemistry and Physiology Part A: Molecular & Integrative Physiology.,
2006,145(2) :145-151.

[41] VON KROGH K, SOQRENSEN C, NILSSON G E,et al. Forebrain cell proliferation, behavior, and physiology of zebrafish,
Danio rerio,kept in enriched or barren environments[J]. Physiology &. Behavior,2010,101(1) ;32-39.

[427 GONDA A,VALIMAKI K, HERCZEG G, et al. Brain development and predation: plastic responses depend on evolutionary
history[J]. Biology Letters,2012,8(2):249-252.

[43] HARVEY P H,BENNETT P M. Evolutionary biology. Brain size, energetics, ecology and life history patterns[]]. Nature,
1983,306(5941) :314-315.

[44]1 MARTIN R D,HARVEY P H. Brain size allometry ontogeny andphylogeny[ M]//JUNGERS W L. Size and scaling in primate
biology. New York:Plenum,1985.:147-173.

[45] DOYLE R W, TALBOT A ]. Artificial selection on growth and correlated selection on competitive behaviour in fish[J].
Canadian Journal of Fisheries and Aquatic Sciences,1986,43(5):1059-1064.

[46] TSUBOI M, HUSBY A.KOTRSCHAL A. et al. Comparative support for the expensive tissue hypothesis: big brains are
correlated with smaller gut and greater parental investment in Lake Tanganyika cichlids[ J]. Evolution,2015,69(1) :190-200.

[47] DURAN E,OCANA F M,BROGLIO C,et al. Lateral but not medial telencephalic pallium ablation impairs the use of goldfish
spatial allocentric strategies in a “hole-board” task[]]. Behavioural Brain Research,2010,214(2) :480-487.

[48] CORRAL-LOPEZ A,GARATE-OLAIZOLA M,BUECHEL S D.et al. On the role of body size, brain size, and eye size in
visual acuity[J]. Behavioral Ecology and Sociobiology,2017,71(12):179.

[49] STREET S E,NAVARRETE A F,READER S M,et al. Coevolution of cultural intelligence, extended life history,sociality,and
brain size in Primates[J]. Proceedings of the National Academy of Sciences of the United States of America,2017,114(30)
7908-7914.

[50] SAMUK K,XUE J, RENNISION D ]. Exposure to predators does not lead to the evolution of largerbrains in experimental
populations of three spine stickleback[J]. Evolution,2018,72(4) :916-929.

[51] ATELLO L C, WHEELER P. The expensive-tissue hypothesis: the brain and the digestive system in human and primate
evolution[ J]. Current Anthropology,1995,36(2):199-221.

[52] READER S M, HAGER Y, LALAND K N. The evolution of primate general and cultural intelligence[ J]. Philosophical
Transactions of the Royal Society of LLondon Series B, Biological Sciences,2011,366(1567):1017-1027.

[53] KOTRSCHAL A,LIEVENS E J P,DAHLBOM ], et al. Artificial selection on relative brain size reveals a positive genetic
correlation between brain size and proactive personality in the guppy[J]. Evolution,2014,68(4):1139-1149.



Vol. 42 No. 5 Journal of Chongqing Normal University (Natural Science) https://cqnuj. cqnu. edu. cn 63
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The Effect of Landmark on the Spatial Learning Ability of Chindongo demasoni

WEI Qingyin, LI Wuxin, FU Shijian
(Chongqing Key Laboratory of Animal Biology, Chongqing Key Laboratory of Conservation and Ultilization of Freshwater Fishes,
Laboratory of Evolutionary Physiology and Behavior, Chongqing Normal University, Chongqing 401331, China)

Abstract: To investigate the effect of landmark treatment on the spatial learning ability of Chindongo demasoni , twenty juvenile C.
demasoni with similar body size and good health condition were used as experimental subjects and equally divided into no landmark
and landmark treatment. Green artificial aquatic plants served as visual cues in a specialized T-maze during spatial learning training.
Each fish received five trials per day, constituting one training cycle. After six consecutive cycles, food rewards were removed for
the no landmark treatment, while the landmark was repositioned to the entrance of the incorrect foraging arm for the landmark
treatment. The results showed that: 1) in the presence of landmark, with the increase of the number of training sessions. the
percentage correct of C. demasoni increased significantly, and the latency to reach the correct foraging area decreased significantly;
2) the motor characteristics of C. demasoni in spatial learning training, such as individual swimming speed. did not change
significantly before and after arriving at the correct foraging area. With an increase in training sessions, the individual swimming
acceleration of the no landmark treatment before arrival significantly increased; in the presence of the landmark, the individual
swimming acceleration of the fish significantly decreased after arriving at the correct foraging area, while the percent time spent on
moving increased significantly after reaching the correct foraging area. 3) No statistically significant correlation was found between
the brain-to-body ratio of the experimental fish and either the percentage correct in spatial learning training or the latency to reach
the correct foraging area during the 21st to 25th training sessions. The results of the study suggest that the C. demasoni possesses
spatial learning ability by associating visual cues with food rewards. The presence of landmark during spatial learning enhances the
foraging efficiency of the C. demasoni. The changes in locomotor parameters of C. demasoni during spatial learning were not
significant, and the swimming frequency increased only after they reached the correct foraging area. In addition, there was no
correlation between the brain-to-body ratio and spatial learning ability in the C. demasoni.
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