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A brief discussion on paleontology research in the context of Big Data

HUANG Bing
State Key Laboratory of Palaeobiology and Stratigraphy, Nanjing Institute of Geology and Palaeontology, Chinese Academy of
Sciences, Nanjing 210008, China

Abstract Over the past half-century, data-based research in paleontology has increasingly assumed a prominent role.
It is widely acknowledged that contemporary scientific research has entered the era of Big Data. However, owing to the
inherent characteristics of non-laboratory disciplines, the rate of production of paleontological data resources is limited,
making it challenging to align with the fundamental characteristics associated with Big Data temporarily. Nevertheless,
the era of Big Data and its associated concepts have clearly exerted a positive influence on paleontology. For instance,
recent years have witnessed the diversification of data output in paleontology, along with the inherent complexity of
mathematical methods and models, which are closely linked to this era. This article, primarily based on the author’s
research background, offers a concise overview of the three key stages in the history of quantitative paleontological
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research. Simultaneously considering the commonalities among paleontological data, it categorizes paleontological
data within the context of Big Data as structural, semi-structured, or non-structured, while also providing an introduc-
tion to fundamental research methodologies. Following a discussion of the similarities and differences between the two
major research perspectives of quantitative paleontology and analytical paleobiology, the article emphasizes the ad-
vantages of analytical paleobiology’s research methodologies and statistical models over traditional statistical ap-
proaches. In recent years, paleontology has unmistakably displayed characteristics indicative of data-driven research.
However, a model-driven research perspective may be necessary. The methodology combines top-down model design
with bottom-up data collection and analysis could ensure the sustainability of paleontological data research. Further-
more, given that paleontology is not inherently a data-intensive discipline, its collaboration with data from other geo-
scientific fields, will in turn promote the interdisciplinary growth of paleontology. Finally, the latest developments in
the field of statistics also warrant the attention of paleontologists. The selection of appropriate statistical models and
the nuanced interpretation of data should account for the inherent complexity and potential multiple solutions within
paleontological studies. Particular caution should be exercised when identifying causal relationships related to statisti-

cal significance.
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Huang and Harper, 2013). MiRIE 5 F 2 HEAH K
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s S, BRI R A & Rl G it 7 iE b,
77 Z£ 43T < F 43 BT (Huang and Rong, 2011)8% 3 %
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TE A2 E AL B 78, FE40HE 21 BT A
I RBF M R A, BRI E I H B
ANTE] o 25 HE B 43 SR G0 I P18 0 H s S Rk AR T
FR T SR (AN B SR A B AR B G B ), TR 2 2 5 TR T 7
HRAFANT RIGIR 2  AH I FEnT AR R e [ 128
[R5 TS T8 52 Bty sk By 3 (1) 3 A U (W1 Zhao et
al.,2021). YEF NN, B RSB EE K H IRk £ 1) fx
ANERAE, T AR R AT TN B U)K 2 it R R 3R
ISR, @ T A 2 AL 7T ) B AR R I AR AL
XA B E R - LA, BB RIA D
TCRA KRB WG —, X T2 25 8] (1) 4w 55 1)
RETRETF %7 Ji, BT S PR B AL P s i 1) 45 R,
RV 2SR AIE 1) £ A8 o 12 280 50 8RR A2 AR SR AL IR R
MEET Mz —,

3.1.3 FEHUBESHANBINEEMR
2 A0 2 A5 R AR KA A2 2 A AR SE B T

() AR, AH R AR & 2 AT A I ARR
fEA2E AR 25 M A B a  JE S5 A0 A B s VA [t 7 AR
3, RN F N AT R, IR 5 X DL AR B
XRHHE FEAREEG. . WAEYFEIRS
KRR, BT REHME, BZETE R, BT
ST T U6 SCRFAA, (H 2 PR T 7E 2R IR S HRe B A
M8 AR R AR 3L

Pl BE TE LA O A R T IE R R, — e Rt
RIFERE T A B EE, T WO 5 B %
€, HAGA BB RIS E A T 2REUS 18
iR, WA bR A BUR L RER A A (X et
al., 2023)5% . M X —GUKRGE L A A, Fr A
AN R AT (an i /2 3h ), FA iR A iE
AR TE LIS 2000 1), HERH AR AR &

e BB e 2 — B NI 5L 7 ml, 2RI
M B RATE R . B ATAE R 7 DR A,
Pt G35 A3 40 22 ) 4% (Convolutional Neural Networks,
CNN) A& B E R B #% 0 5 ik, T iL #% % 2
(Transfer Learning), ¥ & 5% 1k %% ] (Deep Rein-
forcement Learning), A K K BE # 28 M 2% (Deep
Neural Networks, DNN)%&F BN 70 4E 77 vk L
JUPEEF 78R A B 3558 AR oK 8 ) 3
BORIETA RN E A 2

AR IR 2l ha ash e/ E
B AT R, (HIXT LA ES. 4
IR H0s 2 A D I, B R ] R 2 5 A IR 4L
W T B, MR Gz 4 ) 5 — R 1
o T3 A — A T A 2k S 1) 1) 800 A I R (1) A1
7, T S [R]85 B FE AR B ™ BN P (AR
SRR B ), BB RTRE 2 i n) T PN A E R
(R0 o bk ia] AR ASAE T A7 F A 200 2k
FIBHREAS 2 o BBk, AH B SRR A 5ok 1 7 X
AN R AR G 1) 58 SCBSIE (cross validation),
SN BERYE pTG gy, RORENE — &84 B ah Hodls H ok
Bk, R H 0 2k 1) 1) R B A B ko AR
KR FE, BT HR AR R

AR A AT ) = o AR A T A SR PR T Y A
W, 5=4E b mAE, B R B E R
(CTEiMicro-CT)FRHL i 73 ¥ 3 1) = 4Kl . B )
() AE I 0 B 28 58 U5 1) = 4 B R0 T Bl



A UK ERROREE B T AT T, Huang: A brief discussion on Paleontology research in the context of Big Data 523

CWIH ST i(Andreev et al., 2022)%5 . 1 AEYHF
PLARE R H AT 2 2 b T 2 RRHHEIRZIAT A,
mAe MR R = E RS, F5 b, IR2 A
P2 RN IS (B FP %), A3 o XA T R
(Field morphing) 840\ | i /& ) ¥ ™14 & & it 1%,
BT RR ), RORSR T A SC B Ml (Huang and
Harper, 2013). BaE AT TILIIRE, REKEZ
PLATR 2 B A ke e, b AR 30 & I8 TR
2 DAy AR S R SN R N 2

3.2 EEHEPF VS. SEHEYF

A BRI A X NI, wOSCR,
AP E BT IR COT . 201 400K, [ A L
O O RER E B T E I A Rl
WA EARRE R AT AR, BRI IR K
I T & A Y % (numerical palaeontology)
WRFE, BT B #06 (Hammer and Harper, 2006) 3%
RGBT, NET Z083E . TEE
P DX RG I UG AV AR
o M7k, HERIEW KB T E & AR A
8] 7 51 73 B (B4 /N BT 4%), 2 B0 2240 32wl
PASTHAT 5L o 78 B vy AR 4 2 UROPE 1) B 20 R 03
B R T U o7 2 ) v

FL L, mAEZTTRIEZA, <o By
(analytical paleobiology)#%{E A3 H i A4 5 2 4F
JE VR FEH2 H 2K (Signor and Gilinsky, 1991). 1% J5 17
e R A A AR A B — B SO R AR LA
HARAB AWk —F, Wi AEY 2Rk
(paleontological hypotheses) i3 17 BB 14 F ™ 4% il
i (sensitive and rigorous tests), MRS YL
AL T2 S AR A% OO — T AR SR I ey
SLFEAR BE(null hypothesis) B A FF FH 4o it 5 5 vk
g5 50 o (R URAR Il il B A I JE B AR
2 R (Sepkoski, 1991) P Jz B ML 4% &Y (Signor,
19915541 .

5 [ AR 5 4 F 19784 AT 4R o AR 1
R UREE, [F)4E 3¢ [ [ S 18 o il (ol AR
= BRI N T) (Raup and Schopf, 1978).
Sy ATl A RN PE B 4R S LR LA T —
R, ROHTRR K 2% 21 & 20194 | 35 [ i JH oK 2%
B SR R — AT H B SRR, WA S AW

PR AT T HA MG T XTI RS —
L 200 LR A7 3 ) DA KOs AR, BT DA A IR
A K &AL A MW T KR (https://psmits.github.io/
paleo_book/index.html),

Mg mHEYY S0t BV R A
KX I We? TGRS R B R, T
W38 INTTVER A FEUF B PRI RIAS [8] R F 9 JE B - A 5
NN JE T 5 R X 45 S 1) ff BE (Harper, ™ AAC
i, 2023), (EAEH NN, MEF=ERERE, o
AR A T R AR R ()RR R L S AT A
JiR, BRAR H e R S AR A DA R B8 E AR R A . Ay
B AR 22 1 5 2] T 2 — T A R B AR A
ZJ5, BRIFEE I8 DU s 2 b . S el A AR
A, @ RHE R (Logistic regression) A &z HA 1)
I SCER AR Y (generalized linear model, GLM), #x
Ja DS R EG B 5 6 8] 7 20 250408 2 Al 45 2 o

A& s, HarhAEMn e i cs
FEOGAE & Fh G TR AL e in) JE, s b, [ bR
FATR R e Gk i, R2 T3S
HOIA, B gut B AL P AT AR, BrblA
RIBFXT BN . RS, AR git Tk iEidE
A T 18 B B EHE o b AR A Gy HHE W, TS A
R 5 3 T 52 % () B R BORT BE IR N R B8040 407
EREIEES T, A8 a7t B AR AR
W EF .

4 REIEIEST T 0 2B

4. 1 3R B Palaeontology5 Paleobiology 8 /N # 7K
IR

ENBAoW T EDFZH, ABLETHYT
W E W) %% (Paleontology) 5 b A £ W)
(Paleobiology)#ff 725 [ 2| W6 3= FA]F 52 07 V% . 284
PR MM & A 2 LT Palaeontology 5
Paleobiology, %f32022—20234F K % 115305 3L
BR, T NFEARHIRE A, DUSKRE B A HH St
FIRBUE L, Frigas RIS,

FEHL 60 S FE , FE Y L EAE B A3k
55k (26 129, Hi#& Palaeontology)a &
Paleobiology, T [A). H A 5IEAAMERAMH KK T
%, 26517 1 9), X265 T KL RG ¥



524 7|

L 62 1

WFFEIL1045(9 © 1), W AR [ 8T & 75 ]
IL8K (4 4, ZHH BT fUTIR), Hi4bak e
KT AR | = Y i) 2wl PO 7 VA TR
(Hart et al., 2022)5 8 5T .

EAF AL, 60518 b @ 37 Gt o 1 A Bl 8
RIS @ 1 1), KR AR B
M (Brombacher et al., 2023), = HRA A (Evens
et al., 2023; Pauly and Holmes, 2023)55 B4R AE ¥
AR I, JANEA LR R IR DU e 22
(Hierarchical Bayesian framework) T H & # 2/ 45 1Y
(Reitan et al., 2023), BEE T )25 SLUG I 40
FE R (Darroch, 2022), #2A NI E#HTA
#E H &5 by BT 5 i fb 1 9% & (de Castro and
McShea, 2022)FIHF 755 . 1LAh, A2 REYERF 74
BTRG 14), MHEARMCH WA AL, A
B MEBSI ) I U AL 5 07 B (Yang et al., 2022),
FANLES 52 2 BIF 78 A4 A3k 14 (Foster, 2022), LA H
T W 2% 7 7% B 8% 5% (Liu et al., 2023)55%5 .

BRI, G0 /N R AS il B8 Sk Y 25 AR
Yt RER 2 £ 5, HFERZZ 6. BAYTH
Xt LR B, Palaeontologyiy I K & T 25 A0 R Tt
Jt, SR L RER WL, 1] Paleobiology ¥ %
i EIARE Y #1705, S R B B e S
By Hr il AR R 5 R QT SR R U
AAKERAR T o

R R AR AL N, F AR =
Palaeontology 1T 4t I 2 Ut 1 RSG50 K5 H
WA, WEA TR A B AL TE T F5 A 34 1) 5
iy T3 1) T Bt 0 A IR 9 o A, — L8R SR AE
ECIE I E O 2 o, R E AR IRNTTES
TR B 0 B 52 2 5CvE, AR RE S B
Fi% (Huang Yuan-geng et al., 2021), FAGHE 2k
PEHALIE R (Guo ef al., 2023)254% , X B\ AEW)
FARRELWIITIANT, BEYID T HARREE
W2 0 AT RE T R, At T ) E s B AT ) AR
&, Rl E RN EN TEESE.

4.2 SITEEDFSHITER
Gy A AR O S A R R B
W, M E VRS, B RRE R .

Tk S 25 VRS 38 T DAV Al AN AR 6 i 9T 4G SR I R
W FE R . AR RBE AR SR, W R R 3
(significantly)”— 1] & 75 ZEHE AL W F MEAG 30 . F 00
ek 56 55 2 RO I T D Ak T AE S HUR 5,
4 Mann-Whitney £ %% 1 K-S
rov-Smirnov) 5 4 5% (W Huang et al., 2010). &3
RS S N 1 SRR RN ATAE B, i RS AR AR
PL—AN a2 M s o 2 A, B2 Sl (R w56
RIGUE TAT IS 5 B B4 SCRF, WA A
i 4h

e 5S8R Y], ok
W EAAEG TR AR SE N AT SR RAL Gt
Guit ik 1Al 32 B X RIAE T 5 2 AT N Y
R G5 BT TR W AR S R
SRR, WE ILKCA. PCAFINMDSZ, T4
BT A B AR AE A OC &R T Gt AR AL —Fh A T
R HE A O B ECEERE, WA EAERY
AR I MEZE 4 A, BT LA BE R N B Al E5 40 1) AR BpL
il o GEitBLIAL AT DU SR I o A HE 2 S5 T A 1)
A5 M AESS .

KEHRE S T W AR CE AR — M
G TERT R, EERGUEAEN S A
V0 Nt BB ) U S <y 2R, R Z2HM A A
WA ) S AT LA N 53 28 VG R NI R IR R S50
K, AR K, B EEABE RS
A5 B A A 2 ) A A TR, PR AR R
HATEN, Wy B A, AR N KA
(GEMEAR RN, Wy REB(RE 2. K,
2020). CARIESRYE, WAE CEIERIR . 124 [l
VARSI DA % R SR AR A R0 I N T 4 28 ) 265 [m] I S5 A
B i 2K S, WA X R 2 AR R (0 He SR
S BENLARIR D 555 IX LAY FE B A= 4 2
TR AR, O e A N I (an
Finnegan et al., 20165%).

B2 Gt B AL G G vt 7 vk AR 3 A
W ELWE 2 DATE 604 W SC/ N 5t A7 20 A FH 1) v B
B A (Gaussian Mixture Models, GMM) A,
FGMMHAT R RAE W =7 e T g R 25>
Hr: (1) GMME —Fik T ME R0 Ai (BT, T
&G R TIE R AT SUB T AR R KM R F

(Kolmogo-
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B (2) GMMIE W R A JE o DU (DL et 30745 /2 o
M| Bayesian Information Criterion, BIC, B{7/~B{5 &
| Akaike information criterion, AIC)E%AZ X 4G IE
SETTVE R B BN E R I BRI AR G SR IR TR N
AN TR (3) GMMRE R H s A e M R 4
B, T A% G0 58 S0 e s B O B0, DA B A X 93
M 7 R 2405 o T LU HY, GMMUZR SRAE AL B %
b« AwE B A IS, BRI
2 B A2 AN E T AL LR E S FIGMMIZE R .

BEAh, AR M A AR DU e iSO
IR AL . BT AN R AIR, B S
TGO O 2R 5 - g i 2, ity
A HACHA RN UK SR G A AEAE SR G o0
STz, T DU g R g B A e g iR, B
R R M R R, DU S AR Y g I B T B
S, HAT DURHAR 2 ANl 1 e 3R B A e, [
MG A AW B R 5o AR DU e it
PR YR KRR, BN A EEIT
GE A FHAE G 7 1A IS B R (Guo et al., 2023).

gr b, REAREEE T il 2= e S
BT B 365 B N B G gt v 7 T e A S O R
HIGE 18, Tk AW s H ot 2 oot RE R 18 BT
PR R g g A . R e 5 7 B
SR, W AR A P R A PR A R A
BE 7] IR K e -

5 HdEIRs) 5 R KA 1k £

5.1 BURIRENS B T _k(bottom-up)By B i

PR REARE ) I, s KB — 16 T 4R
RN A o HO SR BN & — PP 708, & R i
bSO L J3 A MR P S SR Al s s AR A RN
SCHEE T B AR . — MR &, E¥RbE A b, s K
ANAEAT 5 B B R AR S R A . — SRR R
AR R R, L N FERE R R S
S, BINHFRNARE Y, AEREERYS
I PR I& 2 25 55

HhBR R WA R AR, HFHC
A HE 9K B B 5T ) 48 (Wang et al., 2021), 4
WA ERIE? KRR E, HEMY XA

AN AV 5SS SR E RN E R,
J& T AN 2 U2 [ Z# FH(Gould, 2011).  BAR A
YIEAT DLV J— e st aG HE R A 2l = Xk
SEBG N F R ol A AT B T AR O A
LR, e H AT 2 s s AR AR A

B OR B B A AL S E R i b
(bottom-up) 1T 7T S B FH W & o RIS T 2040 141 U 94
SRR R JE N . e T AR JE TR AR, IR
SR, AR YR B F I A3 Ao 45 8 N0 R A 3
il o SHUTRY () B0 SR 3 2R B 9 5 O K R P B R A B
e % S A B RERUR, 1A 75 ZE R E I GO AR,
XA AR H TR AR B 1 AB S BT A
FE TR R 7 R DK BN 1 RE AT, a0 E B i 3R 1S
s, 5T BAR AT b, AR B e i)
FHSEHIE T o 3 A ol 2R W 2 T e 9 s B R v HH B
MBS .

A R 7] B4 B Bl B 5 R R I o AR A 2 T
il P 1) ) UCE TR AR B, R R
T# JE (Velocity) 5 K i (Volume) B AN 4E o ] B4l 2
TRl S 2 00 (AN 3G N B 2 (1) SE B0 ), S
A 27 B HHE B AT B LR R — U 1 A U
S AAT IR TT &

5.2 RBIRENSH LM T (top-down)BYi% it

TSR B ) 777 v e e A P 2 A5 A Bl R A Y
KBRS MR E ) B, X LA n] DU TR
AT B IKEN 7 R BT B R T A
L, DAE BR AR 2R G0 L, Rl LA R 4R &
)RR AR . ANET ST &, BRI 1 AR AR
FRUGHE T Gi A5 A Bl — R i BB AR Y AT A AT
X BE I T R AR S T 7] RE G R} 57 ) R AL — A 2
AR, T AR A A A Ok 2 F R, E ALY,
HET 3 A VP AR AR, e 2445 H I 230 1) e DI

TP S B, BAIRE A T, AR —
FE R (top-down) A1, B S 2 Bl 2 1)
A, IWEJZIR BRI A TEAR, R 50 e 5 A
PRI RSB 7, DAPE R A 2R G el S L o Bt
WEFE 3 v Re il E — MEA A, RGN BER
WIREE, WIFh. SN BERA S RS R

2 AR A A A R AR AT AR R RN, A R
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WU 2 B AR T — /N BB ) [ R (AR 2 N
RIRI ), W BN S AR, Bl AS R
Hn iz 5 80E W R AR K UL LAk, A
R YR B AL A AT T A A, BAAREEE R
FUE T, bR Rb R, Bk U S Hl O o
o AT BRI SRR 100 K il AR 2 BT e v
AE B M TR AT ERE LT 30).

5.3 BESEBEEENHENFEHRRTER

CRVUE: S 2 AR 22 R B — 15 (Hey,
2009) 4 T BRI T AR R DY NP B, B
SEIOREE BB B T RR S R B TR A
EF N A Mk T 58 — 55 =i R
BAEFENTE b, B EHE %5 5 AR b Hds Ik 5l
PIRE 7 A o5 86 £ S A . B ks A e R b
(Bottom-Up) 5 8 M IR #) A1 H L1 T (Top-Down) /&
PRI 7 B B T VR, ATTALE ) AR R RN A AT
BRI N EE 5T, B A A DL E AR S B RT #h 7E o

15570 B 250 5% 1R 5 FH B 2 BB Bl SRR A Sk 3R
AN T AR 2 R O B G BT Ak 1, BOHE R B 5
A8t FH S B B0 >R F 5 A G i P A ko AR 22 T AT
DK 3 g5 G e —ile, (B kT S 5T, I
IR e/ S E ATl R O SE g T=
15 0 B 3 A2 54 B ) 7 18 R T 1)
JOR R 3R o 7 AR ) 2% 1) R G SR A R S AR AT URA
B A] DAHE B IR, IS AR IR S 7L T RE A
T o AL G SR ) R R B T, R IR )
AR 7R N A SR S K v s S R = 11 N Y 7
PRV AEZE, T E R I AT DL R SR 58I 1% B S
SiR i RN ES RS

EAR H TR 2 5 BL A0 7E IS B BK 2y 1) £ 45 3K
KRR, RGO FASWEARERER, &
VA B 1 55 A B B N (R B2 TR 2020).
B A2 o T H R0 AT AL B B R e, R A O
B 5 B IK AN AH 45 A IR 9T 5 2, TREE A BT
R AF AN AR Rty 2R A 2 A % )

6 & =

ARG AR A KEM, Nawre TR R

TUBZGIT ¥ FNE, 800% 4 EHZ 4 MIFk
(Amrhein et al., 2019), SCEARESE (RBF2EFATE K
RGN o Bt R R R N
R = ANR N, RIRT T AT S S R
(Yu and Kumbier, 2020), A 2R EME. <R EMHE
B EMEZ Gt KMEM, mHRZ 5 R
Guit WE AL LFA TR . (HEFEFATRIN,
A TEEEREEAY, B2 RENARNES
o IR 2 W E MEIR R 4500 JE A BE Al R B S
A I T AR B S B BB M A5, T RE
R R AR BABIE o GEvh 4 B & SCFE Tk 1) &, i
AN g B B 1 — T G PR 2R A, e o
WAFFEANRESCRELE W, 77 T X A5 B K oy bt
4

HOBRSE — AR AR 2 RS RGO AR
&, 2006), X E I RGAT AT R HEIRAT
MEMBERMERZ . AR KR,
BT AR 2 Y2 B A 0 B 4 IR 265 by 2 ) 2 T 9
GE A% FH Gt v 2 AR A B AR B A T B 2 e 1) A
17500 I N TR R Je I 46 Bh /1 %% % Rt
Ft, E o f Bl TR A 2 & B A (Probabilistic
Graphical Models, PGM){H 153 %7E, BERTE®S
MEZAR 50 KB B SERE, 2 N T AR E
PEHEFAT 55 (Sucar, 2021). LA RL 7y ) H
B, JTFIRAEIR 2 = R 5 Sk M1, RRBA W RE
RLFH T AR = A

28 AR 5 B0 7 T T BB, R SR AE KB
B T A AR S E R Z o, BHF
) ALK AR AN AR R R BN A
MBI T A S AR AR X AR ST T R R Y
(PR, DL RS B e e XS 1 G s
BT R, R R R TR o AR ) S H s AH DG
FAEF IR bAh, & Esa 128 R AR
KILWG R RIF BB, © & Ay 5 HhER
IR B [V A 1) B — T BBk B 2R R

BUS P RS B R RIS AR BT T
Jit AT 5% 5 P AR I E T RO SO R

FETRE
5 V-G
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