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Fig.2 Keypoint-annotated images of Pareuchiloglanis anteanalis from different perspectives
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Table I Correspondence between keypoint pairs and
phenotype traits

His  RHEA - .
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No. Keypoint
X, a,b &K Total length
X, t,u £ Body length
PR S 81 e s RS s M B Distance from the in-
X, c,v . . .
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AN 25 B 8] g 5 B PR £ B ) Distance from the
X, d,v outer mandibular barbel base to the pectoral-fin base
point
X ve I i A A5 1) S
’ Distance between pectoral-fin base points
Ve 5 RS A 3 281 2 8 7 i 2 A B Distance
X v, [ from pectoral-fin base point to left pelvic-fin base
point
i e A 157 38 ML B R B A Sk A I B Distance
X; v, h from pectoral-fin base point to right pelvic-fin base
point
X v W B RS A 2 B LB 2
8 & Distance from pectoral-fin base point to vent
X b i e A 57 0 L AL
! € Distance from pelvic-fin base point to vent
Xy ii 15 Body depth
X, B FEEMiE Caudal peduncle depth
Xy k.l k¥ Head length
X r,s K&K Adipose-fin length
X, w,q  HR[E#E Interorbital distance
x BT 51 ik £ B0 5 BF 5 Distance from nasal
5 m,n
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X 0o Jf i e PR 51 86 B B PR U S Distance from
10 pectoral-fin base point to dorsal-fin base point
X Y i e S 5 30 i B S 45UBE B Distance from
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X N i i 5 o1 0 R B S S5 B B Doistance from
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pectoral-fin base point to pelvic-fin base point
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ferent lowercase letters represent different keypoint annotations (the
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S S AE R P SCHVRRAE R BA (., FLS IS R i 5
Z W BEEFY , FEORTGAR IR AR 5 — 5,
i B 5 0 Ak 300 9k A AL ) B X R A A M
T B AR T AR TR M B OE S 7R OREAS
FEhR 1R 22 I 151 (8.036 %0 ) o 24 60 %% 1) 2 YK A 131 U
R X 1R 22 (MRE) 42 /78 3%0~5%, & W] YO-
LOv8n-pose 15 I 75 Hif Mk 5115 1 i) S s U] 5 3%
AU & HA B AR e T
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5 &M T YOLOvSN-pose KR il 4 R
Fig.5 Detection results of the YOLOv8n-pose model from different perspectives

Ny T 2D OO IR B A SR AL 4T 55 T
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pose ., LitetHRNet 5 RTMPOSE 4 Fft #5725 /> 5%
ARUFI P R 22 K. B R 4] H, YOLOv8n-
pose 7E MAE(0.138 876) \MRE(5.446 1%) 5 RMSE
(0.228 5%0) S % Lo A8 br H 00 T H AW AL, (4B H

T g R R P e . R AR bR o 22
0.797 9, W i T HARBIAY (A 25 5 TR R IR 227K F- fik
WA A s, U0 P B T 0 2 SR A A 1R 2 X ) P )
W sh AT, AR R E . 4% 1, YOLOv8n-
pose TEAAT 55 &g & R P IRAE , Fe Wk I 4 ¢
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Table 3 YOLOvSn-pose phenotypic measurement results
FAUE FHIME/em FrifE2E YR IRYE TR RS Y B RiR % HiJiiRE
Phenotypic value Mean SD MAE MRE RMSE MSE
X 9.610 6 2.744 3 0.689 3 7.585 1.6204 2.6257
X, 8.616 3 24752 0.330 6 4.518 0.836 8 0.700 3
X; 1.103 6 0.224 0 0.081 1 7.587 0.099 3 0.009 9
X, 0.864 4 0.187 6 0.044 5 5.477 0.064 0 0.004 1
X; 2.2390 0.642 5 0.188 1 9.026 0.276 2 0.076 3
X 3.1410 0.866 3 0.087 1 2.949 0.116 5 0.013 6
X; 2.5184 0.706 0 0.100 5 4.156 0.1412 0.020 0
Xy 4.0239 1.1179 0.122 3 3.306 0.159 8 0.025 5
X, 1.640 3 0.501 0 0.142 8 8.036 0.324 5 0.105 2
X0 1.0227 0.169 3 0.109 0 10.636 0.120 2 0.014 5
Xy 0.684 2 0.092 2 0.049 9 7477 0.068 2 0.004 6
Xz 0.943 7 0.208 7 0.035 2 4.249 0.044 2 0.001 9
X3 2.897 6 0.7329 0.160 2 4.893 0.204 9 0.0420
X 0.673 2 0.140 7 0.036 0 5.818 0.042 9 0.001 9
Xis 1.246 7 0.3105 0.0619 5.469 0.076 3 0.005 8
X 1.6819 0.387 2 0.064 0 4.116 0.083 4 0.006 9
Xz 3.962 3 1.053 2 0.177 6 4.805 0.214 7 0.046 1
Xig 2.4576 0.588 7 0.102 9 4.496 0.127 1 0.016 1
X9 6.789 1 1.778 6 0.107 4 1.679 0.1389 0.019 3
Xy 4.342 8 1.200 2 0.136 1 3.424 0.164 8 0.027 1
Xy 1.374 9 0.354 7 0.093 2 7.317 0.1191 0.014 1
X, 3.4955 0.862 9 0.118 3 3.694 0.1391 0.193 6
X3 4.849 6 1.2974 0.1713 3.712 0.2137 0.0457
Xy 2.3632 0.5756 0.088 8 4.082 0.113 2 0.012 8
X5 2.498 3 0.729 1 0.1729 7.647 0.203 7 0.041 4
x4 AEEBREME ML
Table 4 Phenotypic measurement performance of different models
il Frifl 22 A2 X R 2 SRR IR 2/ Y BriiR e

Model SD MAE MRE RMSE

RTMPOSE 0.286 6 0.244 7 9.0497 0.297 8

LiteHRNet 0.246 3 0.2455 8.677 6 0.246 4

YOLOvI12n-pose 0.237 2 0.206 2 7.284 0 0.2390

YOLOv8n-pose 0.797 9 0.1388 5.446 1 0.2285

2.3 REHIESW

T B R - R B8 (S-W) RS 6 vk 20 0 iy g ik
R G AT IE SRR R . 25 R, R AL
P VT LR M IE 2543 A (P=>0.05) . R T 1t , R J R
A S B () VAL 25 AU S 505 IR o i 2 [|] A 2R 1
IR (22 T 1 36 I LR A S M i |, Ry Jis 452
FARVG e 5 2270 11 5 FR AR (AR

1 25 TR RIFE bR P, AT 22 T01 55 4 i B L A i £k
PEARIE (1>>0.80) , Herfr 14 101 () 4H 56 R 53k 51 0.90 LA
I, 3 BH 0 S S TR A 114 00 (S R T O R R
TR AP S aa, Ho, Bl 5L i S 20
fe HC 9 A i B RS (X)) 5 R 5T R ) A G A g
(r==0.981)c AHXFI 5, &M 20 5 50 32 ik ffg LR AL 5

A RS (r=0.690) Lk Iz I fifs ok 50 x5 28] it 5 L A4
25 (r=0.550) 55 A& J5t 5 1 AH OGP A

T TR 5 AR T A 4 A DGR R B W] LA
0 A DGR F 0.8 (AL . SR TMT, WA & BRI
2R RUFE s A b A e 0 i DX, 0 L A 3k
A vty 1) T Y A B B L W R bR T 2 A O TR
33 16 4Bl AR R, o 10 /N HE SR 48 45 19 AH
KRB 0.9, MR, F)H B 7K b AH ¢
FRBOT TR BRRAE 2Z 18] 5 AH S HE B, 45 5 W s A G
FBOE1E 0.9 1R AV S ELR], AHOC R B TR K
-, BRI R I R 4 R AT R I Ze Mk o3 A T 25
K B 7 (variance inflation factor, VIF) . M| & 45
TR T G B A ) I 0 R R i B S e B
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JIi 8 35 S A o e i 35 S A A )M A LS P 4
SIS T Mt 5 6 g 68 (I HEZEFE b, o VIF {4k
TR KT GEBAL 10) , R A W L2,
AR IX 54> rp e 36 5 AR 5 Fot A DG B 5 (1
— e i 5 R ) M LR A vt A (X)), HOAH G R
Bl 0.981. BJE 45 A 50k FR(X) LR A
falr] FLA 5 R B0 0.9 il oAb 3 A0 3k [F] 1 o 1A
AR R H A SRR B R R R A -
figs 5 0 Rt ) P (X)) 8 35 50 A o 1) £ 3L
A TR (X)) MR (X)) k(X)) VR TR B
(X)) , BIVH R S oA e 4 5 2 B SR TR 45
R AH DG PESE S, X 54N Hh 1) 2R R Ao 42 o

I, 465 2 TR DR Ko A o 8 4 5 i ) 3 g L 42 5 o A
(252 . pR 2R 5 ] M f 3 Ak o 30 A g A
i 2 A A DG R B0 2 v T R A, 0] i R AR
DA 5T S 5 ) B R o R [ 422 43 A 5 SR, g 6 LS
5 Y 0 RS A i (X)) 110 B AR ORI AR O 2R 8
R, A9k 0.820 F10.981 , HINIZHE 4245 A %) B 2k
A 1 B AR T R TR, A X X X
X, 30 0 X XA ST B —E R, R AR (X))
() E) 2 2R Bt R, 3R B 1 1,059 [65s Mt A L35 s 31
Ji B B A v AR A (X, ) A LAt 26 78 i) 22 R B8 K
TEHBEZRR, LK (X, MREFE (X)) 0 B 250
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Table 5 Path analysis of phenotypic traits and body weight in Pareuchiloglanis anteanalis
o ISR KL EHER K HEES Il i
- Correlation Direct effect Indirect effect Decomposition of indirect effects
Phenotype . . -
coefficient coefficient coefficient X X, X0 X X

X; 0.920 0.670 0.753 — 0.752 0.203 —0.071 —0.130
X; 0.981 0.820 0.161 0.153 — 0.221 —0.077 —0.137
Xy 0.949 0.233 0.761 0.145 0.778 - —0.073 —0.134
X 0.901 —0.082 0.983 0.145 0.767 0.208 — —0.136
Xy 0.914 —0.145 1.059 0.150 0.772 0.215 —0.077 —

24 HFREWMNEE
3 3 22 ) 45 R AR 5 1A B A O TR (181 6)
o R TR Ve B (T <k P A S
PERIRY Y38 HIE . 3 — 20 X Bk 25 HEAT R 5, 4
R ¢ IE S PER K (Shapiro-Wilk, P=>0.05) 5 5 )7 22
A 56 (Breusch-Pagan, P=>0.1) ¥ it , 3 I 5% 22 iR
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Fig.6 Scatter plot of the body weight prediction model
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SRy 50 UE 2 PR (4 A R 1, AR SR AR 24K T
B 2w [ H | S ) & [E (support vector e
gression, SVR) F1 B HL A& A (random forest, RF) 3 f
LA (F6) . Z5R W, 25X B 5
kS W 5 (R?=0.98, RMSE=1.32) , {H H:2¢ X
TFIR ZE WM 15 %, A7AE 1t 18 KUK ; SVR
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Table 6 Performance comparison of different prediction models

Y R HIiiR Bl 2 s (SR
Model RMSE Model complexity (number of parameters)
EeanlE] 0.97 147 IR AR 45 KRB REL, L 64)

Linear regression

Low (1 intercept plus 5 phenotypic coefficients, six in total)

o (LR -+ 5 — I+ 10 R IR AL, 3 164)

e A e

Quadratic pol e . 0.98 1.32
r nomial regression
uadratic polynomial regressiol in total)
SCAF A [ 0.96 -
Support vector regression ’
BEHLARA
0.95 -

Random forest

Medium (1 intercept plus 5 linear-term coefficients plus 10 quadratic-term coefficients, 16
5 (A=50~63 4~ SR 16) B+ 2~3 M B8, 3k 52~66 1)
High (about 50 to 63 support vectors plus 2 to 3 hyperparameters, 52 to 66 in total)

i (10O BRAR X B2 50415 SB L, 245 000 4)
High (one 100 trees with about 50 decision nodes per tree , about 5 000)

Pewg o [RImE, PAEAEFTA A 5 0.000, o B4
BRI s R SR A B ST R
R7 BHEEAKRERA

Table 7 Performance of stepwise regression models

X; 0.846 2.363 0.000
X.. X 0.965 1.124 0.000
X:. X, Xy 0.969 1.065 0.000
X X X0 Xy 0.971 1.018 0.000
X:. X7, X0, X1 Xy 0.973 0.989 0.000

H1 3 8 TR, AR JBHE D DA AR & DL 5 AR R
ik A 8 i ST A 22 Tk ] AR A o A Tk B A
FHKF(F=412.353 2,P<<0.01) , W] 7 # [0 Y3 4508
TEGE T2 b A 1 35 58 SO R SV g R 3] i) &
AR, W7 R, ﬁ)‘%i?%%l FAH R BEHL I
A 22 v A TN A4 o 3 BT (29 5~10 ) INFk 25
ﬁ%ﬂﬂﬁ%i&:d\iﬁﬁ%ﬁ%%é eV a7 5 ] P 74
ey O A 5 A A A T T 1) B 22 A Tl B R
P R AL AR5 12 DX R) A7 7E — 2 I AR A i 1]

XA [ R o 6 DX T 8 Ak TR 22 R AT 40 A (R 9)

*8 SREIEAEHFTESN
Table 8 Analysis of variance (ANOVA) for

the multiple regression equation

5
4
S
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E7 FRERMERZTEHAFEKEE

Fig.7 Residual plot of multiple regression equation
for body weight prediction model
x99 AREREREHTNERS
Table 9 Analysis of prediction results for

different weight ranges

SiH BOFA A Eopi)
X Total sum  Degrees Mean F P
Items
of squares  of freedom  square
my 2.697 390
UE, 8 096.685 5 1619.337 412.352 e
Regression x10
5%
369.145 94 3.927 071 — —
Residual 7
Sy
8 465.830 99 — — —
Total 7

Rt/ . PR T
Weight ranges SE Accuracy
<5 0.965 0.489 0.931
>5.<10 0.912 0.839 0.927
>10 0.702 1.192 0.702
HT T 2% M 5T DX TR AR I3 A AN — , B P i 22 S B

8o XFFRBE/NT 5 g BREA BRI P e R 5L
(R?) 4 0.965, & AR BB A5 AR 1 b $0L 45 B4 , 7000
KRR % 0.931, Som B s O HERR PR . AR R X
FART R 5 ~10 g IFEAS , R[22 0.912, TS
IR 0.927 BRI AT, AT 10 g IFEAR
(1) A 76 P B 3 B AIG , REANCA 0.702, TUIDRS J& [ 2
0.702.,

3 i i#

TR E P A SR N T 3R R 7 vk
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Measuring phenotype and predicting body weight of Pareuchiloglanis
anteanalis based on keypoint detection

ZHOU Yichi', CHEN Yanxiang', LIU Jisong”, XIONG Hao’,
SU Xiaojing’, YANG Qingyong', YANG Ruibin®,ZHENG Fang'

1.College of Informatics , Huazhong Agricultural University, Wuhan 430070, China;
2.Yebatan Branch of Huadian Jinshajiang Upstream Hydropower Development Co. , Ltd. ,
Ganzi 627153, China;;
3.College of Fisheries , Huazhong Agricultural University, Wuhan 430070, China

Abstract A method of automatically measuring the phenotype and predicting the body weight of Pa-
reuchiloglanis anteanalis based on the keypoint detection was developed to improve the efficiency of obtain-
ing the phenotypic data of P. anteanalis and reduce errors caused by manual measurements. 951 images
were collected from the ventral, lateral, and dorsal views of P. anteanalis.Keypoints were annotated in the
COCO format. Traditional body size including body length, body height, and interorbital distance and index-
es of frame distance were calculated based on the coordinates of keypoints. RTMPOSE, LiteHRNet, YO-
LOv12n-pose, and YOLOv8n-pose were comparatively evaluated under the same configuration of training,
and YOLOv8n-pose was determined to be used for the automatic measurement of phenotypic parameters.
Results showed that YOLOv8n-pose had a precision of 94.70% on the test set, with mean relative error
(MRE) of 5.45% for phenotypic measurements, and the relative error of most phenotypes was controlled
within 10%.Key indexes of phenotype including the distance between pectoral-fin origins (X;) , the distance
from the pectoral-fin base to the right pelvic-fin base (X;),body height (X),) , head length (X,,) , and inter-
orbital distance (X,) , were further selected by combining correlation and collinearity analysis to establish a
multiple regression model for predicting body-weight, yielding an R* of 0.97 on the test set.It is indicated
that the proposed method can achieve automated measurement of phenotype and quantitative estimation of
body weight of P. anteanalis. It will provide data support for monitoring growth and evaluating selective
breeding of small sisorid freshwater fishes.

Keywords  Pareuchiloglanis anteanalis; measuring the phenotype; computer vision; YOLOv8n-

pose ; keypoint detection ; prediction of body weight
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