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Abstract: Zooplankton is an important component of aquatic ecosystems, and is sensitive to external disturbances and changes in
the water environment. Monitoring its species diversity and community composition can not only help us better understand the dy-
namics of lake ecosystems, but also provide a scientific basis for water quality management, which is of great significance for under-
standing lake ecosystems. In recent years, environmental DNA (eDNA ) metabarcoding technology has been increasingly used in
biological surveys. However, whether the results based on eDNA technology are in line with those obtained through traditional mor-
phological identification for detecting zooplankton diversity in the field, remains unclear. In this study, we conducted a 2-year sea-
sonal field survey in 2014 and 2015 in Lake Fuxian, aiming to compare the results obtained by eDNA technology and morphological
identification in detecting the species diversity and community composition of zooplankton. The results showed that; (1) the eDNA
metabarcoding technology based on high-throughput sequencing of mitochondrial Cytochrome ¢ Oxidase [ gene ( COI) and mor-
phological identification obtained the same seasonal trend of alpha diversity ( species richness and Shannon-Wiener index) changes
of zooplankton in Lake Fuxian during our 2-year period of field monitoring; (2) Compared to morphological identification, eDNA
technology based on COI gene high-throughput sequencing could detect more species; though the number of rotifer species identi-
fied at the genus level was lower than that identified by morphological methods; (3) Both methods found that the zooplankton com-
munity structure in Lake Fuxian exhibited temporal decay trends, but eDNA technology was more effective than morphological iden-
tification in distinguishing seasonal differences in zooplankton community composition. Despite the limitations of eDNA technology
in detecting rotifer species and zooplankton biomass, it has a clear advantage in detecting seasonal variations in zooplankton diversi-
ty and community structure. This study attempted to apply eDNA technology to zooplankton detection in lakes using field anniversa-
ry monitoring samples, and confirmed that COI based eDNA technology has higher resolution in the discrimination of zooplankton
community composition, but its database needs to be improved before promoting eDNA technology in zooplankton diversity research
and water ecology monitoring.
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Fig.2 Venn diagram showed species and number of species detected by eDNA metabarcoding
technology and morphological identification: (a) species detected separately and jointly by both methods

at the genus level; (b) number of species detected by both methods at the class, order and family levels

A2 e s 5 T R, PN 2014 4E A 2015 AEPRIE S £ 5 i e B 4E IR (Synchaeta) fa 588 L 2 i
B IR SRR A SRR ( Ceriodaphnia) 211 (18] 3b,c) o MR ELGEITHEE LI, 78 2014 4F JET 5B %
IR B AR O YR e B R E M A X SR (SRR T 0.1) s MM E R TR G ENEE
LA 55 3% )8 ( Bosmina) J LR, FKZE UM SCEJE R U0 308 s B R 25 REERK 4 2, UK 3% J& A rh &1k
)& (Mesocyclops ) J @ (B IV) o TRl 7 7 sh Py 0 3@ 2015 4F 9 Z 45 PR A8 4k 55 2014 4E LA — 3
(K3, M%&) .
2.3 LAL#EHFEh 4 alpha 2 iFE

o A == 55 BE AN Shannon-Wiener Z2 - PEHE BOTAL PN 5 15 7EAS [R] 25715 JRAR 9 SN 1 72 Ui 519 alpha
AR RIS . S5 K], eDNA HAKG I A TEAL 77 7 314 alpha ZHEMETE 2014 — 2015 4EZ 5 kA8
PTG T 252 M 2 5 SR — 3, (HUJE I 2515 31 9 4 Fh = 5 )8 1 Shannon-Wiener 3 BRI X 45 5 , 4 Fh =F 5 )
¥91E 150 LA I, Shannon-Wiener $§ it 6 K T 2524 S 925 T (Fe Rl 6) (81 4) . eDNA 34l R %
B, 7E 2014 45 A1 2015 4F  FL01 e h i 3= & B 0 A L e A R UK E R S B FERIL K. &
9K 2014 AESRAL 4 ANZENS Z 8 A9 TR I S f 6 O B 25 5 (AR B — i IR (a3 - Bk Ze A,
Sy 422 A4~ ASVs, 5 L ZIEAK, 435 254 1 235 A~ ASVs ([l 4a) ;2015 SEHEANSITR I sl B KT F
EERE, M 477 1 468 A~ ASVs, K Ff ik, g 186 4~ ASVs, HE HKEMYMM EFE R ES TAS
(one-way ANOVA,P<0.05;[&] 4a) ., JEAE Y ERNIN 2014 4E45 FKTEY A0 5 ERCE, 20910 6.2 1 5.8,
HZHA%, 0 3.2,2015 AEFRAN P0G sh A B p F =5 o 1 e 4 PR TR, 0 0k 5.4 1 5.8, & F Ik,
A L JE A ARG v AR [5) 284 ] B ) = 1 B 3 2% 5 (one-way ANOVA, P>0.05; & 4b) . BAh, KB %S
SFUSTE 5 eDNA HOR G HIEWE S I Rh 5 5 B HEATER VI, 25 3 B B Rh 0y VR A3 B W R 2 REVE AR A
W I TEAH G OE R (R7=0.09,P=0.05; ] 4c) .

FEF eDNA (AN PP 504 Shannon-Wiener $5 $ i) 28 (L S N B i i, MBMAR TR 2, K E



FELRF AT eDNA HAAT & 5 5 R 09 AL T 3 3) 4 § HHLAR 1145

o0 (a) eDNA 100 (b) e 100 (o) B2 A
[ ] =N . m . B
= B gl a B
75+ 751 75
§
w
450 50 | 50
=
junng
=
25F 251 25|

0 0 0
OO A HF K AT HOH KA HF K AF B OH KA F K AFE

20144F 20154 20144F 20154 201441 20154
BomZRER 1 ZRdeiUE - falitdUs O ddgitdus [l SRR IR | MZEE W e HUs
SRR MEDKEE  SeREedUS [ EBiedUs W hekEE | adfsedUs - Al

Pl 3 2014 — 2015 45l 1y 240000 1) 0 e sl ) D0 35 LU A2 -
eDNA K5 (a) FIFEZS A5 5E (b) N iFUe sh @ KA 42 BEHEA BT 10 O AL
T2 Y T IF I S W R ACE AR AR i HE 2410 10 BOREVE 4L (c)

Fig.3 The comparison of dominant zooplankton genera detected by two methods during 2014-2015.
Composition of the top 10 communities in terms of relative abundance of zooplankton at genus level
by eDNA metabarcoding technology (a) and morphological identification (b) ; Composition of the top
10 communities in terms of relative biomass at the genus level of zooplankton
identified under morphological identification( c)
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( Different letters at the top of the box plot indicate significant differences in one-way ANOVA)
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Attached Tab. I Two methods for result detection and statistics
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AW (mg/L) 28.00617
¥ ES] FERE/(ind /L) 149
"E 4 (mg/L) 3.910313
ZARES FBE/(ind./L) 35
HE4 ik (mg/L) 0.900129
Lz El FERE/(ind /L) 3478
HE4k (mg/L) 18.11395
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Attached Tab. Il Number of zooplankton species detected by the two methods and its proportion of detections
by morphological identification
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Attached Tab.IIl Comparison of zooplankton detected by two methods
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Attached Tab.IV Comparison of dominant genera of phytoplankton detected by two methods
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FES )R (Keratella) 0.54 PYEBFJE (Synchaeta) 0.75
PEEFIE (Synchaeta) 0.02 FAeke)m (Conochilus) 0.08
2 % )J& (Polyarthra) 0.04
B2k B2
A E B AR 2 0.25 % %J8 (Bosmina) 0.11
(unclassified_Cladocera)
iy il
IR (Keratella) 0.28 YEEFEJE (Synchaeta) 0.10
Z k) (Polyarthra) 0.10 Z %6 J& (Polyarthra) 0.05
SRR J® (Trichocerca) 0.03
2014 4 B B
s K E B BB A 0.30 ML JE (Ceriodaphnia) 0.48
(unclassified_Cladocera)
#%J& (Daphnia) 0.03
B
K= (Phyllodiaptomus) 0.31
F 81K FJE (Mesocyclops) 0.03
B it}
PEEHJE (Synchaeta) 0.07 BRI (Synchaeta) 0.51
StEFJE (Trichocerca) 0.06 Z % )& (Polyarthra) 0.31
Z 4 )& (Polyarthra) 0.04 AR (Keratella) 0.07
2014 4F BRI (Ascomorpha) 0.02 SE$JE (Trichocerca) 0.07
£ B
A E R IR A2 0.44
(unclassified_Cladocera)
RER
45K %JE (Phyllodiaptomus) 0.07
B Bl
Z %)% (Polyarthra) 0.18 iP5 JE (Keratella) 0.61
SRR J® (Trichocerca) 0.02 PeEEJE (Synchaeta) 0.18
2015 4F YEEHJ® (Synchaeta) 0.02 Z )& (Polyarthra) 0.17
HE 4 HFEJE (Ploesoma) 0.02
Bk
A B @ B A 2 0.46
(unclassified_Cladocera)
L1} Lot}
iR (Keratella) 0.24 Z )& (Polyarthra) 0.54
2015 4 seFE%e)& (Trichocerca) 0.18 a5 JE (Keratella) 0.23
o Zkt)E (Polyarthra) 0.09 Y4B (Synchaeta) 0.08
SERAJE (Trichocerca) 0.04
JER4 )8 (Gastropus) 0.03
W% )® (Dicranophorus) 0.03



GUES

A E B B A 2 0.16
(unclassified_Cladocera)
S
mHEK 2 JE (Phyllodiaptomus) 0.11
B Litg:
Z ikt )E (Polyarthra) 0.07 Z ike)E (Polyarthra) 0.44
AR (Keratella) 0.26
EmEERC)E (Asplanchna) 0.08
ek )Jm (Conochilus) 0.08
2015 4F PeBEJE (Synchaeta) 0.05
& SEEAJE (Trichocerca) 0.02
B
A E B g B A 2 0.45
(unclassified_Cladocera)
Bk
4K FJE (Phyllodiaptomus) 0.15
B Eit:
SRE#J® (Trichocerca) 0.12 FEAJE (Trichocerca) 0.45
PeBEJE (Synchaeta) 0.45
ZJ5# )% (Polyarthra) 0.03
2015 4 B B
AF 5 R B A 0.46 SR (Ceriodaphnia) 0.06
(unclassified_Cladocera)
%)@ (Daphnia) 0.08 % B %JE (Bosmina) 0.02
RER BRER
rh#l/K &8 (Mesocyclops) 0.04 #I7K%JE (Mesocyclops) 0.02
MV ISR 4L ADONIS il ANOSIM A5 *
Attached Tab. V. ADONIS and ANOSIM test for zooplankton community structure
Sk o ADONIS ANOSIM
7 P r P
14 Spring vs 14_Summer 0312 0.028 0.490 0.023
14_Spring vs 14_Autumn 0.147 0.315 0.118 0.259
14 Spring vs 14 Winter 0.313 0.019 0.400 0.023
CONA HA 14 Spring vs 15_Spring 0.331 0.019 0.380 0.024
14_Spring vs 15_Summer 0.239 0.052 0.280 0.065
14_Spring vs 15_Autumn 0.118 0.361 0.010 0.375
14_Spring vs 15_Winter 0.260 0.025 0.278 0.045
14_Summer vs 14_Autumn 0.276 0.031 0.458 0.023



14_Summer vs 14_Winter 0.504 0.020 0.876 0.023
14_Summer vs 15_Spring 0.496 0.019 0.832 0.023
14 Summer vs 15 Summer 0.191 0.115 0.114 0.177
14_Summer vs 15_Autumn 0.341 0.019 0.464 0.023
14_Summer vs 15_Winter 0.491 0.019 0.786 0.023
14_Autumn vs 14_Winter 0.392 0.019 0.466 0.025
14_Autumn vs 15_Spring 0.408 0.019 0.520 0.023
14_Autumn vs 15_Summer 0.314 0.019 0.530 0.023
14_Autumn vs 15_Autumn 0.332 0.019 0.458 0.023
14_Autumn vs 15_Winter 0.369 0.019 0.544 0.023
14_Winter vs 15_Spring 0.187 0.171 0.098 0.230
14 Winter vs 15_Summer 0.397 0.019 0.710 0.023
14_Winter vs 15_Autumn 0.380 0.019 -0.564 0.023
14 Winter vs 15 Winter 0.370 0.019 0.548 0.023
15_Spring vs 15_Summer 0.432 0.019 0.722 0.023
15_Spring vs 15_Autumn 0.477 0.019 0.724 0.023
15_Spring vs 15_Winter 0.423 0.019 0.742 0.024
15_Summer vs 15_Autumn 0.243 0.055 0.214 0.069
15_Summer vs 15_Winter 0.411 0.025 0.646 0.023
15_Autumn vs 15_Winter 0.228 0.081 0.214 0.105
14_Spring vs 14_Summer 0.350 0.024 0.658 0.032
14_Spring vs 14_Autumn 0.275 0.023 0.318 0.041
14_Spring vs 14_Winter 0.273 0.039 0.264 0.070
14_Spring vs 15_Spring 0.272 0.054 0.302 0.062
14_Spring vs 15_Summer 0.203 0.058 0.128 0.141
14_Spring vs 15_Autumn 0.207 0.055 0.140 0.124
14_Spring vs 15_Winter 0.236 0.032 0.264 0.061
14_Summer vs 14_Autumn 0.431 0.023 0.694 0.031
14_Summer vs 14 Winter 0.437 0.023 0.794 0.032
14 _Summer vs 15_Spring 0.456 0.023 0.750 0.031
14_Summer vs 15_Summer 0.388 0.028 0.792 0.031
AL T 14_Summer vs 15_Autumn 0.387 0.023 0.716 0.031
14_Summer vs 15_Winter 0.385 0.023 0.694 0.031
14_Autumn vs 14_Winter 0.387 0.023 0.602 0.031
14 _Autumn vs 15_Spring 0.448 0.023 0.662 0.031
14 _Autumn vs 15_Summer 0.309 0.023 0.530 0.031
14 Autumn vs 15_Autumn 0.315 0.023 0.484 0.041
14_Autumn vs 15_Winter 0.264 0.028 0.286 0.038
14_Winter vs 15_Spring 0.202 0.082 0.210 0.090
14_Winter vs 15_Summer 0.153 0.207 0.100 0.179
14_Winter vs 15_Autumn 0.111 0.484 -0.050 0.699
14_Winter vs 15_Winter 0.352 0.023 0.522 0.031
15_Spring vs 15_Summer 0.187 0. 083 0.208 0.089



15 Spring vs 15 Autumn
15_Spring vs 15_Winter
15_Summer vs 15_Autumn
15_Summer vs 15_Winter

15_Autumn vs 15_Winter

0.193
0.415
0.101
0.230
0.274

0. 060
0. 023
0.553
0.029
0.032

0.156
0.688
0.034
0.434
0.464

0.120
0.030
0.373
0.031
0.041

*14_Spring vs 14 _Summer %7~ 14 Spring 55 14 Summer B2 LLE:, HAF; P<0.05 LUHIARR.





