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Abstract : Traditional morphology and environmental nucleic acids-based techniques often yield differed results in biodiversity

monitoring , raising concerns on the reliability of molecular approaches. This study systematically discusses the differences between

these two approaches in terms of monitoring targets, spatiotemporal representation, and technical workflows, showing that such

discrepancies arise from fundamental paradigm differences rather than methodological unreliability. Thus, systematic biodiversity

monitoring should integrate the spatiotemporal breadth and early-warning capability of eDNA/eRNA with the precision and

quantitative accuracy of morphological methods to enhance the comprehensiveness and reliability of biodiversity monitoring. In the

context of future multi-source big data integration, biodiversity monitoring is undergoing a paradigm shift driven by big data and

wide application needs. Addressing this transformation requires more than technical complementarity, calling for a biodiversity

information technology framework centered on environmental molecular signal flow to translate continuous molecular signals into

quantifiable and interpretable biodiversity and ecological parameters. By integrating ecological principles, modeling, spatiotemporal

statistics, and artificial intelligence, full-chain analytical tools can be developed to trace molecular signals from sampling through

decay to inversion. Furthermore, by incorporating multidimensional theories of ecosystem resilience and plasticity, it helps reveal

the dynamic mechanisms of species interactions, functional group dynamics, and environmental responses. Ultimately, this

approach advances biodiversity monitoring to evolove from data collection to ecological cognition, and from morphological
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description to mechanistic innovation,forming a new “signal flow-driven ecological cognition paradigm” that unifies multi-source

data through semantic assimilation and model coupling.
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Table 1 Representative international eDNA application strategy and planning
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Table 2 Comparison of key technical parameters between traditional morphology and

environmental nucleic acid-based technologies
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Table 3 Comparison of biological targets and their physicochemical characteristics monitored by traditional

morphology and environmental nucleic acid-based technologies

BB EA

EisRz 150 IB 52801

KRS QAR T Az A Rl TR A A 2 A R B AR
WLEE AL S A W4 B AR W A R R BB

MR TR A A IR (AN SR )
AR AR RO A R AE W AR S5 AR AU
Kb B S E A MR T 25 R AT 1 b5 X B0 B | 4l
R JE 25 AL B0 0 i LA S 4 A A 0 2 LU A 5
FERORIRE 2t BRI/ R aB v S e R A I (i) o5 S8 300 P 76 R B
5 I Rt SEERAFTE 0 A2 HUOREAS T B 24 i 78 b HLAoli 30/ 3

B A 5 XSRS AR M b TR 0 R i T A

I WA Bt (DNA/RNA) o 80T 1B 7% 20 L 20 8 40 |
WY PRI RSE AR TR DR | L A AR
Bigy g

i e v A/ T T A A Wy ST ) A DN A T R A
ELR RV ONG #0/%  EANCS 3 -1 & /L L RPU R IR (R H R
D IR T RE R A R 15 5 7R R 8 b B R
e 7 ¥ LA e A

25 B PR eDNA A RE 5 — Bri [a] A 5 K 2 [l 3
WAEYREE MRS, 5 2/ H T8 o808 i B T XY
A=) ;eRNA S TSI S A9 2E 038 3, B AhORIRIR & 2
B M LGB ) 21 8 A 4R




38 ol B2 A ] a2 Bl 2026 42 A
TS =T e e TR AR A A TR R (AL
NG R RN IR VR B ) KRk 1 R 2
E AR TR, @ 2 S RS S A R A S 2 G 82 10 )
e e L ST T B R SRR SR 4L
M) a ™ { - N TR A 5 T TR RGO 25 K I 58 A F 7 00 0
w2 S S B 2 ) (At B AT RE £ TR A IR ) A%

T« e GETE 25 2 OB 38 58 B A, B2 ISR AR IR i ) S ) A7
TE” o RS RFAAG DN A= ) AR RO A% R BL . eDNA AR
FE R YA il £ 5 BT RIE S s eRNA B[R fig | $2 43t
AP E P RV PR IR AR GEIE AR o O TR TE TR
Ko 5w MR RBAR BA &R BES
Tz R,
1 REWHEF eDNA 5 eRNA 7
EYMEHEENPHES
Fig. 1 Differences among traditional morphology-
based methods,eDNA ,and eRNA in

biodiversity monitoring

1.2 EYMEABERENES

AR A SR, B R R — SRR AN [R] B, 72
BRI |6 i 3 23 0 MO 45 H R A B A B, >
HHAFER 257 (£ 3), X2 R mE T
B R AR 5 1 7= A 5 AR I 0 — S
L, TN 28 A5 FL A B AU K AR R R
W WA ) A2 ), A3 B i A v 2 AR S R O
A0 M SRR B, D R BT AR A 5 B0k A
R MR R C A A S A (i B
ShFE W) A ) Lh KoK A A W 55 T A0 M E EAT
FELAECE RS 4 SR T B R R T R
%, T SO B 356 RF v 0 R Y 3 R X AR AR
EAT, B A W 5 i A W R T R R T R
ARG 5 5 $OBOR AR RE i b i 7 5 48
B L), 3 AT R B R B AR W AF BT

GOV 3525 D7 VR AR A ME LI R 0 5k 5 F R AR R
Pl %) DRI, A 2 2 B T DA O vk e A
FEHEELATAF 5 O ) P R0 RS 00 e B AR 1) P 5
BHPLE S DR — 8T R T IRAER I E
FEMEE LB EES
1.3 HRREEXEER

IBE % R M7 30 8 R VR T 2 Bl A= Wk 1 52 2%
P AE S AR OB L W5 S A W A HE i | 20 2
W BE T4y i DL ROK TR 8RR AR
(% 3), XL BAM[ATEAN TP B ERE
ST R A Y E R EIRE TR A L
ST A L el Rl e RSB 7/ B A
BF, PR A B Ak A ok AR R R | I A L I RRS
5l it — L m R a5 RARE,
A BE A TR AL i LIRS 0 38 25 3 5 o A M sl R
SRR DR PR R R G 4 R 1 B
— NG EY 2R i S BT BRI Sl
KA DX 38 PN A B 00 A R B DT R LR A A AT
e, BA BRI G M, WAL GO 25 % 05 v U
A HE il 22 SR U5 T W B 00 S A AR B ORE R, S
SVHL SR CRAETREE | LR AR A5 R A DN R
VAR DR VA - £ 3 AT E O | = = o N T R 2R
£ YN B KA S i - A OB N 4 01 B e s v B =
[i1] 5 s [1) 7 55 Y1 PR B, o DA il 3R ST A% 1 i A
ARG S . N, A% 8T8 28 2% J7 R 45
AR SR — A B 8] R 2 ) 4K T Y AR ) 2 R
“BEE G

BRI E  RFEX R 2 5 UeE TR R
ARG INETEASE BB R 2 AR
S5 W AR X (R 3) . B BOR BA 5
A PERARAZ AAE LB 38 T 2 00 R i
QX o BE A I 5 T A% G 0 25 A i ) 2 4% B[]
RUFIRAE DX () () B B 1k 55 R AE S S T ) b o
. MR W, WA ETE RN R E AR °
A L PR A R B R R D % R )R A )T
JE™ B2 J7 V5 ) H R S SR R I ) R A IXC
RPN i



1 T A A GO A 5 PR A R AR A LR Wy 2 R M0 o 9 3 . D AR G A B9 2 39

2 MRBEAL R I A WAE S B 2 R TR A
A—

IR B% A A6 IR 5% v 18 T A7 R 100 2 e s LA
s RIENZ.O R R, KR E k= Y 2k
PES M T g 22 = (R 4), Bk, 5
T-45H 22 KT eDNA Hl eRNA A [6] 19 ¢ A P
eDNA T B A BUHE 45 # stk = 2'-OH LM, 41
XPREE , ATAVE N K 7 52 {5 5 fF 76 5 T eRNA 1k
SV BURTRAE , T A% R Tl A ik, 308 S W S B 1Y)
A S RS LR, A 2 R O A R A R
5 AT [E A AT B A R R )RR AR AR g
TEE AT R 2P R ARG R B R e T R
MR B 5 s s X, AR R B BT )
o] 7 A S 78 e Wk B AR 5 T i B PR EORE S PR

Pl % R U AT BE WOk A oz, B R A )
Bt B R AR AL AL, IR R T [ R
TEAZ TR I fff v e A5 SN T o 1 B2 T sk 7 fe A
B it , pH i 725 70 PR 2 02 R Al 2 K il | SR AN R
&G T T Bl 2 3 A D T R A
it o A R R e 0% A AR Y A DR 75 2
ORI R AR T 50 B A0 M el 2 U A o
AT , sl B 35 7 URE ) RTTUAR By 1 AT, T 4
I % A B 2 T 1% 5 AR P R A T A A
9%, TE A YA A 5 i T S A TR WU ) A N A Ot
fife 2300 e AR T R R A R R Y S ) S
BRI AL R AR 5 7 I (8] 70 25 [ b i BE R B Bl
TR — PR 85 v, AN [a] DX A A% R {5 =t 7T BE A7 1
BEER, WL, 2T I BRI LY 2 A 1T
b8 RAEAE 5 (U P2 335 MR AR W B9 1L GO0 25 5 07 ik
fArE2E s B AETR O s v 22 57 AR

x4 NERBNEREFEIEZMNEEERESZAEZENERBRRARENSHEEENERERNHMT

Table 4 Effects of spatiotemporal drivers of environmental nucleic acid persistence on the differences in biodiversity

monitoring results between traditional morphology methods and environmental nucleic acids-based techniques
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Table 5 Effects of differences in monitoring workflows on biodiversity assessment results between
traditional morphology and environmental nucleic acids-based techniques
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