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Abstract: During the Jurassic—Cretaceous (J—K) transition, global ecosystems underwent profound changes. Studies
on biodiversity during this period indicate that approximately 20% of marine species went extinct in shallow-sea
environments, while on land, crocodyliform diversity declined by 55%—75%, and tetrapods and pterosaurs
experienced a 75%—-80% reduction in diversity. Overall, larger-bodied taxa were disproportionately affected.
However, the evolutionary trajectory of terrestrial ecological diversity during this pivotal transition remains poorly
constrained. In Asia, stratigraphic successions spanning the Late Jurassic to Early Cretaceous are well developed and
have yielded abundant vertebrate fossils, making the region a key area for reconstructing the evolutionary history of
terrestrial ecological diversity across the J-K transition. In this study, we compiled occurrence data of vertebrate
fossils from the Late Jurassic to Early Cretaceous of Asia and integrated species-level ecological traits for analysis.
Ecological classification was established based on habitat, diet, and body size, with body size data measured to refine
trait differentiation. Resampling methods were applied to correct for sampling bias and uneven sample sizes. The
results show that large-bodied saurischian dinosaurs (by approximately 50%—-80%), turtles (about 40%—50%), and
mammals (about 60%—70%) experienced marked declines in diversity across the J-K boundary, whereas freshwater
fishes and some other reptilian groups were less affected. Analyses of ecospace structure reveal substantial
adjustments in both species diversity and functional structure within Asian terrestrial ecosystems during the J-K
transition. Furthermore, responses to environmental factors varied markedly among clades: overall, vegetation
changes appear to have promoted increases in aquatic diversity, whereas climatic warming and increasing aridity

exerted strong suppressive effects on the diversity of terrestrial groups.
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1999; Yi et al., 2019; Hou et al., 2024)% PIAH G . IXLEPE AN S5 I S K 8 414 i 52 ARk 4%
PRI AR 2 EERTEIIR S BB R IE i A AR 10 ™ A%, BRI 22 S8
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A T AR REAEI AT 5T A5 R 5 A (Chen and Benton, 2012; Huang et
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Table 1 Classification for Ecological Characteristics of Terrestrial Vertebrates
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FEE IR 2 R UL R R, EA R A B R R I A I B E (B 1A, 2 B
B 7), X5 RRIHHLIX )45 4 #4345 AH 75 (Tennant et al., 2016b, 2017). [F] i il b 5 4 39 45 40 it
LT AR S B TWTRE ), P DG ES T ASA R R TR S, ARa
FHYR 2 REEB R R (B 1B, JLATRE S R SR S R I AR D5 (Yu et al., 2023), FE
A A BB % 2 o 8 AT [V X, DA [l R A (%5 K i (Benson et al., 2014);
PRt AR A AL 2 ST R B IR S—— 98 H RO AR R T 2L A 2 R ]
S TR AR YRR 2 R, W E R 7 I Ok B NG R SR A R 2 R R (]
1C), IX AT S 1 BE VR A (e B, T A Y i B H 22 )8 (Tennant et al., 2016b,
2017); WA, B H . PN LK SRR P A - H B IR AT S HIL T AN FRREE 1)
VIR ZFEVE IS, R R R R ZREE PR N R (B 1D, B), SAERMAR A
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ZRENE; SROSRERARITA B A B ER AR, RO AR R A | I AR S ER AL R - Baj,
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Fig. 1 Subsampled diversity of terrestrial vertebrates in Asia from the Late Jurassic to the

Early Cretaceous

A. SQS diversity of all terrestrial vertebrates in Asia based on occurrence data (q = 0.3); B. SQS diversity of
Pterosaurs; C. SQS diversity of Saurischia (squares) and Ornithischia (circles); D. SQS diversity of Crocodyliformes
(diamonds) and Mammals (triangles); E. SQS diversity of Amphibians (circles) and Testudines (squares); F. SQS
diversity of Chondrichthyes (circles) and other fishes (crosses). The black solid line represents the subsampled
diversity based on all occurrence data, while the purple dashed line represents the subsampled diversity excluding the
Jehol and Yanliao biotas. Baj, Bajocian; Bat, Bathonian; Ca, Callovian; Ox, Oxfordian; Ki, Kimmeridgian; Ti,
Tithonian; Be, Berriasian; Va, Valanginian; Ha, Hauterivian; Bar, Barremian; Apt, Aptian; Alb, Albian.
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Fig. 2 Changes in species diversity, speciation and extinction rate of Asian terrestrial
vertebrates from the Late Jurassic to the Early Cretaceous based on raw and subsampled data
A-C. Species diversity, speciation and extinction rate based on raw data; D—F. Species diversity, speciation and
extinction rate based on subsampled data (q = 0.3), with shaded areas indicating 95% confidence intervals. A, D.
Species diversity curves based on range-through data (orange solid line; assuming continuous existence of a species
between its first and last appearances even if it is not sampled in intermediate intervals) and corrected sampled-in-bin
data (green solid line; counting only species actually sampled within each time bin, but correcting for sampling
intensity differences through statistical methods). B, E. Extinction and speciation rates calculated using the per-capita
method (red = extinction rate; blue = speciation rate). C, F. Extinction and speciation rates calculated using the
second-for-third method (red = extinction rate; blue = speciation rate). Aal, Aalenian; Baj, Bajocian; Bat, Bathonian;
Ca, Callovian; Ox, Oxfordian; Ki, Kimmeridgian; Ti, Tithonian; Be, Berriasian; Va, Valanginian; Ha, Hauterivian;
Bar, Barremian; Apt, Aptian; Alb, Albian.
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Fig. 3 Relative abundance and ecospace cubes of functional groups of Asian terrestrial

species from the Late Jurassic to the Early Cretaceous

A. Relative abundance of functional groups based on the number of occurrences; B. Relative abundance of
functional groups based on the number of genera; C. Temporal changes in ecospace cubes based on the number of

occurrences. Aal, Aalenian; Baj, Bajocian; Bat, Bathonian; Ca, Callovian; Ox, Oxfordian; Ki, Kimmeridgian; Ti,
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Tithonian; Be, Berriasian; Va, Valanginian; Ha, Hauterivian; Bar, Barremian; Apt, Aptian; Alb, Albian.

FEMG R, BKATRE I 28 53 FhErb, FE G T/MATL . a2 (&
3C). fE J-K FERINIT, IXEESRBEEHIH T M RO AR A R PR AL 1 55 (Butler et al., 2013;
Benson etal., 2014), ELEF EHAIIILAF . MARI R EHEEBENE. SO, A
FLENVITE I WIEE AR R IMATIREAE, BN, FRAER AEPIRE N A 3 Bt (181 3C). b
AR TS A ) 5 8P Bk 22 A1 B 4 53, B 458 530 FL 2 ) (Tennant et al., 2016b, 2017)+
2% (Butler et al., 2011; Upchurch et al., 2011) %% H:A1I€47 5)4%(Mannion et al., 2015; Nicholson et
al., 2015), WiFREETE. WEVE AR VERRE, HARRE R RN BRI AH 10, JFERIL
PEVDRES R A R O R (B 3C) . RUEAEIR T RIS S AC A IR, D%
HAURE BB LB A NZ2E, BRI e ST AR R i 1 it PR R4
AR, i p . MERI R T, (HFE K R RBIHRZEN R (30D,
IX 5 VR 46 1) % M AH 75 (Tennant et al., 2016b, 2017). /KB CanigK a2 755 F it
SATTZ, BUMATL, WEHEEREONE, JRE JK R RMTEINE R (K30,

2.3 B M E R

X R D -1 AL % LB MESN YRR S R T R AR R T R (3R 2), AR
T PRBE AR AN, (0 A7 /E W 2.2 57 . Spearman 15 Pearson HH 9% R EUHE IR I H 5 v 1) — b
SR T &L R SR 1 M AR — 50 ARSI T R 2
PER R BT H 58 B 0 IE A 9 5ol .35 (Spearman p=0.862, p=0.003 ; Pearson 1=0.944,
p<0.001), X5 THY (p=0.812, p=0.008; r=0.895, p=0.001) LK ¥ 5% A

(p=0.753, p=0.019) [AIFERILHERIIER, PERIX IR A ICAT I K 81 2 HEE AT
it 52 ik AL P V6 5 A G A 7 PR A e 9k B o AH I, 1908 H 5 I (p=-0.597, p=0.090;
=-0.781, p=0.013). W& H 5iEE (p=-0.717, p=0.037; r=-0.743, p=0.022) K S5#LTHY
(p=-0.817, p=0.011; 1r=-0.772, p=0.015) ¥R A, FHXECBELE S ETHE BB K

ARACI S 22 FEE P RE T B
K2 FIIEMZ R SR T 2 R GRAR

Table 2 Correlation Analysis between Biodiversity of Various Functional Groups and Environmental
Factors

Spearman Pearson AlCc

i MG T

Rho P1H r P 1A AlCc A E PUEAKIIEZS

12



Hlp P AR L 0.561 0.116 0.497 0.173 67.589 0.152
B8 H B -0.597 0.090 -0.781 0.013 52.747 0.716
PR -0.817 0.011 -0.772 0.015 67.555 0.493

Wi H
B -0.717 0.037 -0.743 0.022 68.469 0.312
RN R -0.496 0.175 -0.608 0.082 60.137 0.296
2 H HTHEY 0.862 0.003 0.944 0.000 35.387 0.949
TEAIRIRE -0.644 0.061 -0.660 0.053 45.781 0.271

ik
RIA N ¢ -0.610 0.108 -0.572 0.138 44.404 0.539
a3k HTEY 0.812 0.008 0.895 0.001 54.255 0.809
B TR 0.753 0.019 0.659 0.053 36.874 0.301
W HhEE 0.596 0.090 0.645 0.061 37.170 0.260
HTEY 0.596 0.090 0.621 0.074 37.624 0.207

-28.395

-20.973

-28.378

-28.834

-24.668

-12.293

-17.490

-16.202

-21.728

-13.037

-13.185

-13.412

Hor, #55% HR T, @A TR S8 H R = AR & A 2R A iR
BARMIFRBIIRE R K445, Spearman 5 Pearson AHI/ M Al TLEINIE T 31X 485¢ R 1K 77 A 5 97
BAKT S, ERAR OUHRB B RN E D B URFT GRE. —4%
BRI EE ) TEGR S 20— AL SIS A R ME S WD SR 1 2 R PERS R AR B T R, (HAH]
KB R A B AFEE . IFH, CARBRIL T AFZREEE S A F B 72 18]
(ORI, B . 571 5 | BApYrFh 2 BE1E 5T 1 AR B AR 5 (Butler et al., 2011; Tennant et al.,
2016b, 2016a). 5 H . FAIEYIP 2 128 (0 1R B2 AR 2 [A] (1) 95 % (Mannion et al., 2015;
Nicholson et al., 2015) LA J W ok 2 AL e R i@ AR £% -5 P Fh K 42 18] ¥ ¢ & (Hou et al., 2024) .
XA O THT 8 B 7 AT SR Bt AR« BRBEAR 1 LA 5 SR IR B 2
2.4 REERE 5% H A MR

ASCILGE T 13 MR BEBCAE S IZE, H T RGP i L SR ]
JETIREBFAEMII ZE R (I 3, 4). TEXLEHZrh, MO AEMREN AR M2 B8 LA LA R i
AR M JZ SCELALRIIL A L 7E NMDS 230 b BT 2 B ) 0 R e 2L Jl P 88 1 6 il
(IR 4D, HIe Kot ZAH N EET, SR e ATIE A A 2 b iy e FE AR o [RTIT,
XA B b 2 B e S AT T[] — M HE X 35 (Pan et al., 2013; Zhou and Wang, 2017; 2k H £
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&5, 2020), XRUEMED BB, 5 ERHIRER A SLhr EC2YIE R E A,
HAEDBERF AR & 807 1 8 RIS B — BURHE (B 3). EAERRE, BMEES
Prt R HEER 1 I AN I A VI REIX P SAF IR IR AFEVIRE, ARIRRERS TSI S RIE AR P 40—
LRI, A FE DRI & B T RN . X —IRERY], FEZNE FIRAL,
LY IX R AE S R G A SRR T AR, MU BRI — E A P T R A
I AFAE (Tennant et al., 2017; 4< HFEZE, 2020).
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Fig. 4 Distribution of the count of formations, collections, and occurrences of Asian terrestrial

vertebrates from the Late Jurassic to the Early Cretaceous

Aal, Aalenian; Baj, Bajocian; Bat, Bathonian; Ca, Callovian; Ox, Oxfordian; Ki, Kimmeridgian; Ti, Tithonian;
Be, Berriasian; Va, Valanginian; Ha, Hauterivian; Bar, Barremian; Apt, Aptian; Alb, Albian.
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