FY2E2 & Chinese Journal of Zoology 2025, 60(1): 123 ~ 135

UK/ RS RS

X\ #E EAFH

EMZ RS TREE M E AR E, bR Emfl 2 L 100875

WE: SRR B — PSR, RENFREE 2450, EmEf. B
KA R B E TR . S SRS AR SRR M S L. Landau (1951) $&H
MMEAEE h (Landaw’'s h) A T EACFIHES R ZMERLEE, de Vries (1995) XAHZARH 5
Ji AT T ANMRIE) 58 5022 s Wi B AR BRI MR 2 1 4 FSIBE . SRR E Z B, MRS
RAERY ERARBUFA R, RS, (R MR ERA 2 BE T U E . Sk
SR IR AR T IR A HE A WS, BT3RS A0 T 55 771 Clutton-Brock et al.’s index.
David’s score 5% JE T3 R H 1) T & SILElo-rating. Randomized Elo-rating HyE AL T K18 ) ADAGIO
B RIUAETREEEMIHEERE, X& B MRE ST T R0, HHE T SRR s T AR
B R, B Ja o SEhR R AR RS T R BhAh, ARSOERI A T H ARSI
R B0 AL DU SRR SN IR .

KA BYAEN; Gk BTN HEAs Bk

HESES: Q958  LERARIREL: A XEHS: 0250-3263 (2025) 01-123-13

Animal Dominance Ranking Algorithms

LIU Meng-Jia XIA Can-Wei'

Ministry of Education Key Laboratory for Biodiversity and Ecological Engineering, College of Life Sciences,

Beijing Normal University, Beljing 100875, China

Abstract: Dominance hierarchy refers to the phenomenon that the status of each individual in the animal
population has a certain order, which not only reflects the social structure of the animal population, but also
plays an important role in survival, reproduction and population regulation. The hierarchical structure of
animal populations includes both linear and nonlinear cases. The linearity index h (Landau’s h) proposed by
Landau (1951) can be used to quantify the degree of linearity of hierarchical structure, and the calculation
method of this index was improved by de Vries (1995). Rank differences between individuals affect the
strength of natural selection and sexual selection. However, in most animals, individual rank is not obvious in

phenotype, which needs to be calculated using the dominance ranking algorithm based on observational data.
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Existing dominance ranking algorithms include algorithms based on the win probability, win frequency and

opponent strength (such as Clutton-Brock et al.’s index, David’s score), the number of wins (such as I & SI,

Elo-rating, Randomized Elo-rating), and methods based on Graph Theory i.e., ADAGIO. Based on the field

data, we discussed the correlation between these algorithms, and found that ADAGIO, Randomized Elo-rating,

I & SI, and David’s score were relatively similar (Fig. 3). The ranking results obtained by Elo-rating and

Clutton-Brock et al.’s index are similar, but there are great differences between algorithms based on the win

probability and other algorithms (Fig. 4). According to the characteristics of these algorithms and the

relationship between algorithms, the recommended algorithm selection in different cases is summarized, so

that researchers can choose the appropriate algorithm according to the practical situation. In addition, we

briefly introduced the characteristics of ranking algorithms in other fields, to provide a reference for the

introduction of new algorithms in animal behavior research.
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a. Linear dominance structure; b. “Pyramid” nonlinear dominance

structure; ¢. “Cycle” nonlinear dominance structure.
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5 WPM MHMEARE . Bk (13) wTH, fEff
i OER 5 HEA I, 454 3} XU PE49y 2 R4
Ko PEAMR AN R VT 23 w5 1) MR 2 3R AF AR
KIGPE RS, BZ SR “ B4 BiUK . RER
TE S FE Al b X6 — B A [ P UL 28] 1) 4 24 A 1)
I HEAT LA AR ER, A HE 4% 45 L o g,
PIX P A SR A R R FE AN, AR
HHH AR RAE—S2 . ADA At 25 R E e
SR MG AR A] (1 2% 2 e A A 1) o ik
P2, AT RTEH PR HEA BARE DB/ IME 34
MEHES IR — “RA” BRI, Rt
ZH% 5 OER FIMIFPERAK,

(A)1

Bl 2 ADAGIO H¥ (ADA) MiitHEERE
Fig. 2 Computation approach for ADAGIO (ADA)

MRS AR b MR FZEHE; e 3L MRS .

a. Dominance network among individuals; b. Directed acyclic graph among individuals; c. The top-down ranks.
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Tablel Dominanceinteractionsdatasets

Dataset Species Time Site Authors Number of Number of Type of interactions
individuals interactions observed
Foerster 2016a RIZJE 2016 52l  Foerster et al. 22 2741 1Y 75 R AT 2
Pan troglodytes Tanzania Pant-grunt and
Foerster_2016b 44 1ots aggressive interactions
Franz_2015a  HEJ508%h 2015 HBE Franz et al. 61 4118 e PERTIEFT 2k
Franz_2015b  Papio cynocephalus Kenya 28 1667 Decided agonisitic
Franz_2015¢ 36 2387 interactions
Franz_2015d 53 4 464
Franz_2015e 52 3281
HEXS 2018 Langley et al. 18 367 WET 2}
Langley 2018 Phasianus colchicus UK Agonisitic interactions
McCune _2019a S Ef M7 2019 £H McCune et al. 7 201 YHLAT N
McCune 2019¢ Aphelocoma wollweberi USA 8 163 Social dominance
McCune 2019d 8 151
McCune 2019e 7 80
McCune_2019f 8 53
Strauss_2019a B & 2019 58 Strauss et al. 23 1065 WEAT E
Strauss_2019b  Crocuta crocuta Kenya 35 1848 Agonisitic interactions
Strauss_2019¢ 29 1913
Strauss_2019d 151 9096
Vilette 2020 G 2020 Rk Vilette et al. 41 2980 WEAT
Chlorocebus pygerythrus South Africa Agonisitic behaviors
RER OER DSM ISI CBI WPM ADA
RER 1 0.646 0.914 0.853 0.798 0.665 0.901
1.0 -
o o5 P 1 0.669 0610 0718 0396 0.588
0.0 -
1.0 N
DSM ¢5_ ? 1 0.839 0.786 0.604 0.834
(1)8 5
SI o5 S 1 0760 0553 0.803
(1)8 B
CBl 5 & - - - 1 0.428 0.731
0.5 - % * . ¢
0.0 -
1.0 -
WPM 05 _ ' . ' Y ' 1 0.622
(1)8 L
Vo —ip—
T W ™ W™ Py
0.0 -

B3 He&EIEZ A A

Fig. 3 Correlation among ranking algorithms

2N MOIRAE 18 N EEE AT KA S R BNME S E, A EMRIBCTE OV EIR AR R BIIE . ADA. ADAGIO 53%; CBL
Clutton-Brock et al.’s index 57%; DSM. David’s score 5i%; ISI. I & SI #ii%; OER. Elo-rating 57%; RER. Randomized Elo-rating 5.i%;
WPM. 2T SR A AT HEA ISR

The lower left corner shows violin plots of the correlation coefficients calculated from 18 datasets, and the upper right corner shows the mean
correlation coefficients between algorithms. ADA. ADAGIO; CBI. Clutton-Brock et al.’s index; DSM. David’s score; ISI. I & SI; OER.
Elo-rating; RER. Randomized Elo-rating; WPM. Algorithm based on the win probability
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Second principal component
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030 032 034 036 038 040 042
%F— 84> First principal component
B4 HEEEZ AR

Fig. 4 Relationsamong ranking algorithms

ADAGIO %i%:; CBL Clutton-Brock et al.’s index 5¥%; DSM. David’s
score i%; ISL 1& SI 5i%:; OER. Elo-rating 5732 RER. Randomized
Elo-rating 5{3%; WPM. T 3RHEMEA AT HEA 1O 500

The location of each algorithm depends on principal component
analysis, and the topological structure comes from cluster analysis.
ADA. ADAGIO; CBI. Clutton-Brock et al.’s index; DSM. David’s
score; ISI. I & SI; OER. Elo-rating; RER. Randomized Elo-rating;
WPM. Algorithm based on the win probability

4 RE5RE

B S AN [) B TR AR e DA R BV 2 T R 56
R, WAVSEE T HEAFIG LT 37 I HRIL 8,
W e P AR S bRt S s Ol ClnHE 4 B A4
B, D EREENEE (E5) .
HT WPM fFEIA A e, U125
HE 4 A A 50 2 i R (g v 2 B
(McMahan et al. 1984) ; RER il fiHL1L 5
S R MRS = AR B AR, A
TEIR 22 Ff i 2R ST AT 45 2B HERf I HE 44 45
R (Sanchez-Tojar et al. 2018b) ; DSM 7 ZAR
P AT e S BOH AR IR, T CBI A 55
FEAS MR R S 5 A RS R B4
TX A X P AP RE I — AN X ) (Clutton-Brock
etal. 1979, David 1987) .
MIET SRR HE L I EE, BIEE TR
AN -5 /717 CBI. DSM 579% DL K 2 T35
JEVCELH) IST. OER. RER #%, FE|FETHE

WY ADA Hi%, I NMEFERHLFIEE
TRKEWKE, (HIXEETVEATRAFEE X 8 6t
KBRS 5H4 KA ERECE BR ) 1A 2
(Sanchez-Téjar et al. 2018b) . [Klk, HEM
FoAh A I NGB R, SRS g4
B TSR fE 45 . B0 Brin 8 (1998) 21
PageRank %%, i 7 A I O[] ()R 0 2R
AR EE R R PR REHEA
HH I HEPE L (Massey method) « FE447% (Keener
method) FIE/REKE (Markov method) iz
) 51 BER BN PR P LG 28 1R 45 R 5 e B T 2K,

PSR AR O 1 3 SRR AEAE BRI 1) 2 A 3444
(Langville et al. 2012) ; Agterberg % (1999)
FEH A ZEHEF  (ranking and scaling) 77
VEIE A3 T S A A A R B H BRI R I H B
&, XAV E S AT . X LR ]
PLABIIAA I S5 g A 1R % . PageRank
AR (RIS =5 B P T N A 5 R ot = P DRI 3R

AH 2 TAE VRN AR S G [R]85 R 5 ek 7
R EFSE /7. H PageRank SHyET7ERH A
RSN EE PR RN TUHES, ESIARIZ 5
RHA AT TG EAMAHES . RE AT
123)) L BRI PR EL 38 S sh W 5 R 44 A
PRIA R g 4 F R E AL, PRI E e AR HE
HEAEF BRI AN RIS SE R 4, (BAE
SN 9,575 450 AU E R A e oA g vt . A2
M HE 7V SR VRAE — OO R I 2 A
A, SIANBISFER AR, ATN TR
G HZ MRS 510 BRTAIMANRSE
e IR N 32 B AR TR 5 R B
YIAT MR, AR AT LUk — B IR FE S5 ot i
o BRI L S M . B BV Sh
WA TER S, 3P E s BRI EE Mk i
A RIER . A4, BRT4R 285350
SERAH R T 2 B TR/, SRS
VIR B A AT e 2 (A an A R0 b ) sh P x [
—BWRIERITES) W AR, RRE
EIMaEREE A BRI T, B BR T
VA B A LA R AMEAT A B2
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B ccept nonlinear results or not 7
ADA 2 5HER ISR PR
Limit to the number of individuals participate in rank or not|
) 2
‘M \Yes
RETBEHSEHHA
Update the ranking dynamically or not WPM
= w
Yes No
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. Allow much data loss or not
o &
Yes No
REFEMRE G RE R
RER Need information about the number of
interactions between individuals or not

e —
Yes

individuals engage in varies greatly

ARNMMES: 54 L RBUR S 208K

Number of interactions that different
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No
CBI

or not
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Fig.5 Recommended algorithm selection in different cases

ADA. ADAGIO #i%; CBI. Clutton-Brock et al.’s index 5#i%; DSM. David’s score 5%; ISI. I & SI $1%; OER. Elo-rating $9%: RER.
Randomized Elo-rating 5%; WPM. & T 3 MEZR 3047 HE 44 11 532

ADA. ADAGIO; CBI. Clutton-Brock et al.’s index; DSM. David’s
Algorithm based on the win probability
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Sriated Yuhina Yuhina castaniceps Found in Henan

Dongzhai National Nature Reserve, China

2019 4 ZR1E N B 4 5 B X % AR ORGP X 3R 35 0 1E) FH 25 4R B DU ARl (0 S . 12 S8R R 1,
H RS L A tgng, SamEYE GRRdn 2018), % NEHAEY (Yuhina castaniceps). H, 11 A
11 HE 12 A 18 BAEC R RY SR 2% S0 78 X, 12 H 6 HE 12 A 12 HAEJ SRR E 10 J, it
88 Ho #EICHR CHIE3E 2017), HOAMIEEE &2 A Biic Al
TEH RS JE T 2T H (Passeriformes ) 45 IR &L ( Zosteropidae ), 3545 6 ANEFH, I EAH 2 A~ EF, plumbeiceps
Al torqueola; RIE D ME SV, J5& FESMERIFTH. MR W), ER. St b, 28,
VIVE. R WL AREE. TRV CRO63E 2017). ZEHRURSREREP (B8R —F, torqueola MV B-3F K i
RIEE A ABINLE, plumbeiceps MEARSKEY EFTE G GRURAN 2018), IT4FERA SCHRECH plumbeiceps M Fojl
SONBEH RS (Qaphida castaniceps), torqueola A7 A ZESURES (S torqueola) (Collar 2006). 4k, R4
CRTFg HARY 2020 48 12 H 7 HEE 4 BURRFHE, 2020 4 12 5, 7R PRI E S 5 /R4 X R B T SEH:
RS, DR AP DXORN 3 58 1E 5K 2% B SR DR 37 X 3 T T R 24 T 305, 00 S8 L JRUJRES 2 VT o o 8 0 X 80 1% B 22 A 4%
.
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