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Abstract: To identify the species of freshwater jellyfishes ( Craspedacusta) occurred in Huangsongyu Reservoir and Huairou Reser-
voir of Beijing and to explore their water quality-indicating practicability, we analyzed the morphological and genetic features of the
jellyfishes sampled from the two reservoirs on September 9 and 10, 2022, respectively. Combined with the data of physio-chemical
factors and zooplankton biomass from routine aquatic ecosystem monitoring, we explored the conditions for the occurrence of jelly-
fishes. The results showed that the morphological characteristics of Craspedacusta samples from Huairou Reservoir and Huangsongyu
Reservoir were very similar, with the mean umbrella diameters of (15.8+3.1) and (13.2+1.9) mm, (342+48) and (268+3.4)
tentacles, and (140+27) and (134+2) statocysts, respectively. Four main tentacles were obviously longer than others, with tro-
chiformis nematocyst warts arranged annularly on them. Meaningfully, their gonads were different in shape and color. Huairou spec-
imen had large white cystiform gonads, and Huangsongyu specimen had smaller gonads in grey. These morphological characteristics
confirmed the jellyfishes in Huairou Reservoir and Huangsongyu Reservoir were C. sowerbyi and C. kiatingi, respectively. ITS base
sequence was amplified and sequenced by PCR and DNA sequencing, then finally compared with other Craspedacustas sequences
in GenBank, which resulted in 100% genetic similarities between the Huairou samples and C. sowerbyi, and between the Huang-
songyu samples and C. kiatingi and thus well verified the morphological identification results. In detecting the driving factors to the

appearance of jellyfish medusa, seasonal variations of zooplankton biomass and six physiochemical factors were analyzed for chec-
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king the sudden changes just before and/or after the medusa occurrence in both reservoirs. Results showed that the pH, dissolved
oxygen, total nitrogen and phosphorus concentrations, and biochemical oxygen demand kept relatively stable through the summer-
autumn months without observable variation in both reservoirs, indicating a mesotrophic to mildly eutrophic state. In early Septem-
ber when jellyfish appeared, surface water temperature continued declining to lower than 25°C, and the biomass of zooplankton
continued increasing to higher than 1.2 mg/L. Rich food might meet the energy needs of jellyfish for sexual reproduction, and tem-
perature declining might have functioned as the driving factor. We concluded that Craspedacusta are highly tolerant to eutrophication
and have a preference for mesotrophic waters, and that sudden changes of water temperature ( sudden rise or fall) and abundance of
palatable food are important factors that stimulate the sexual reproduction of jellyfishes. Accordingly, the driving effects of tempera-
ture shock stress and nutrient limitation were analyzed, with a view to providing a reference for the mechanism study of freshwater
jellyfish occurrence in future.

Keywords: Freshwater jellyfish; morphologic characteristics; environmental indicator; environmental stress; DNA barcode;

Huairou Reservoir; Huangsongyu Reservoir

BEAE KBRS IR )10 B G IR K 1 3140 ( Coelenterata ) |, J& 4% 7K B2} ( Olindiidae ) Bk 1€ 7K £ ( Crasped-
acusta) , LFH KA o HA G S ALFIE K A ToE AR CHEDIR A&, polyp ) 01 T A A P AR (kB
1 medusa) o SRR KT 3.0 mm, % A4 TR B Y sk B A i e LUULEE 0 T ke b2 . ok
R R B 30 K, AR B A2 T 3K 20 mm ZE 47, B FOUEEMESE Y o 0 3 Mk A8 K B 1 1 R ok
252 A

H RIS TT R R BB IE K B 12 Ffr, o2z B AAL 3 B, BN R IR K BE (C. sowerbyi) (hAERETEK
BE(C. sinensis) FFHMBEAEAKEE(C. iseanum) "+ Hfx 9 Fioly b [ 24 4 S0 )5 & 3, (R IE AR AL 4R AR 32
FAFAE—E BRI o Sr IR RN SE LR T A SRR 501 4 Jo B R0 S 25 DA 336 17 ML P
NAITT . 2005 4EJ5 25 DNA barcode 45 A [ FH , 18S tRNA . 16S rRNA ITS i1 COL 27 32 H AR 24k F Tk
AEIKBE I P i 5 58 TN R G205, RERRAE KB R Ge 2 A S Ao e SR (R R VE T, by IS ke K
YRR IX 3 BT

BEAE K BB G IE 2 T A8 2 BB AR 2 R AR A R N 20 S 4 5, T E A W 2 R AT i AR T 2 I 3R 35
FAFRE, T H K B RE ISR S0 1T Z A0 H & B AR AR 28 AR Ak, v H K B A e A 4 4 4 T 240
HBAHUBRAIRTE ™ o KRR R R SR I S RN BR S R 1T 7, [ A2 2 22 A AT Bk 4B 7K B (52 0 2% Gk
AEAKEE) ST P, Ko 7K B 858 I o A A B A R R AR AR T, R S S T LA B Bh 3 B sk R A
ML, B THAE KR TS RS E AR TE " o S4B AE K B A BR Y T 52 s i 3, R bk A8 7K+
Sy mEleE fEE GEE ERM B BRI S ARE P e 22 R e B A JERREE
TG 2R EL AR T )RR U A7 74 2 25 W IR S5 U R R U 45 T IR A AR T A
(R RIPREEE I 7 AP SE IR WA 22 . 15 AR AR K B 5 5 8 3R A BOK G R DE e R X e dh T 1
TR RIS TR S M R E S R G s DA R AR AS AL B AR TR i KU
7 A R

] P2 3 UL A2 S i 4 %) £ B TR ST A KB 1) K 2 5 /K AR 85 o i 1 45 T ) S K, A T Bk A K B
R FE R , M T K AR LB A7 N IR AL K BE R 3 5 A R /R A ) o 22 B0l AR A e Ak A Bk 2 K BF
(19 2 O U PR K Rl 36 ATk 4 K A 2 A AR G e A0G DMS BR B8 35 2 A A e sh B ™ o IRl T, ik e
il 22 AR B 053 R R AR SRR I % M RS AN 40 BIT T T 7K 8 7R i 9 38 5 Bk 2 5008 SR A ZE 138 TIE o
BEAE /KB 5 7K PR3 o A DGR TR 9 iR o AR

2022 4 9 A R ATAGRT R FEK R EE A K R R i & BBk TR K B R4 F 9 A 9 HAN 10 HIFJR T ¢
PR R AR AE . BT BRFEAR TR S FIAr T RGE2E 00T A SCH P8 58 1 2 /K PEREAS (1 b 45 72 Al
AR SCHIRIARZAS , BE A5 A 7K A 255 B I r 35 B0 B8 B R VR 7 sl 0 B0, R 9T Bk A8 K B 2 A 0 W 7E R
AT, IR ALK ERECIR AR A PR AR J8 A B8 S5 048t T IR AZ 138 B35 ( temperature stress hypothe-
sis ) F1E 7% Bl i Ut ( nutrition limitation hypothesis) , DAHISh 2R G5 T B ALK B A2 2522 5% R /R K BE AR & A=
RIS 4
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1.1 AREE

HRMIAIK E (40°14758.22" ~40°15'46.04'N, 117°15'4.45"~ 117°15"55.68"E ) 2t 52 i -2 X Z AL vH)0]
A — A T R KR A TR RAG £ BRI . BERA K AR ZS 0.1x10° m’, IR AR 49 km® (1 1) o MK
J# (40°18'40.89” ~40°20'46.03"N, 116°35'28.44" ~ 116°37'56.94"E) gt 50 1 IR 32 X 15 PN (9 R TR AK P2, S 32 485
SIKIREZPHE KM, B K AC T TP S KT |, 1K 2 T8 18 17 % 25 7K %8 B 1) IR K B B B B KA. Rk
PEAEZS 1.4x10° m® , BRI AR 540 km® (18] 1) o 2 AS/K RS0 TR 1B I 2 RS, AR5 10.5°C,
AERERN A 640 mm, HFERMEW GG FKAEEYARK L FIEE /DT K E DK, KA AE P PR IR .
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Fig.1 Sampling sites of Caspedacustas spp. in Beijing

1.2 HARE BHFIBWHH

BRAEKBFREACRAE T 2022 459 H 9—10 H o LUEIR TS RIROE B AR S K 7R B AT 3545 N
B S A . A 5000 mL BEIEBEAR , WL 1 35 SR WA K BERG Sl 15 A A /N RITERIE A5
o HE RSO T BOK BE TR H o DAL /K B 8 2505 A0 B T BOR S 7 o oW B ik
TR BEPE S AR ) R i RO I s ™ o SEEE RO ALK B 17 U, P RS2k 8
FUERMEOK I 9 HL

BEAE KR Fh 52 225 R (2005) 1970 SR R | 32 BEAR e ) 22 B P T AR ANHE S T 5 Gt o -
TEAR B SRR A 40 BB ARAE . DNA Z0 I A il B 46 5 SR SR BE PR 41 ITS (1TS1-5.85
rDNA-ITS2) A 751 B '

7KAE DNA IR, LSRR 95% LI RAT R BEAE K BE 8, A 2 UK, LK BRoK BRI A1 ey
FYFLE AP BORE T RO PR S DNA - 4121 DNA JRICR I REERAL S W 412U N 41 DNA $2 OAG & (AR AR R
FATBRAAF) o B8 ITS 9519 4 ITS-F1: GTCGTAACAAGGTTTCCGTAGG il ITS-R1: GGTAGTCTTGCCT-
GATCTGAGG, § 44 i AR 24 750 bp, § 34 KU A& &R EAAFR 50 L, (55 LB F7K 20 L, 2xTaq MasterMix
(RARAF)2S L, ERHFG19145 1 wL(10 pmol/L) 54z DNA 3 WL(#BE 100 pg/L) 0§70 R 94°C
AEPE 4 min;94°C A5 50 5,55°C R k50 s, 72°CHEAH 90 5,35 AMEFR;72°C A1 10 min 4°C {7 ",

SR 1.5% SRR SIS LUK AN, 18 B WS M HOR A BRAA R o 20 U e A 2 1
PHEJG 55 GenBank Bt 22 b AU BEAE K BE ITS JE K BEA T S0 AHUE LLXE s FIH MEGA X kit
FEIT 58] A AR XS AL Y, W 14043 R G (Neighbor joining tree) , RISIMT AL IR ALK B 5 0 A R BEAE K
BRRYI AL OCR 4500 SO L5 1 28 Bootstrap 1000 YRAFIAGE: o
1.3 IR E T RAEFFA LG 53 47

TRIFBE RAE AR FKITT 0.5 m /K2, I HLBCHE ROKARRAE 5 LKHE  EKFERL TN 75 mIL 45
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WA E . FENHFRE 48 b JFITREBR 13, 70 = P00 WA 575 30 mL & 50 mL FRASH N 1.5 mL HIRE
FERZE 30 mL, 4 CIORAF . PRIESHY) S8 FTHEUT , 56 58 40 B ST ULTE VR A (O REAS R AW, DU IR 1 mL 1
L VP 0 FBCHE S T Leica DM2500 58888 100x 5B VAL, RS T TR, P 4
- BE LA PR AR B AR A ) ST S SR R . AL A S k[ 17] .

KBRS AR R E KT AT 0.5 m AKZKEE, KIR(WT,C) [ (DO, mg/L) \pH S48 47K H
WX (YSI Pro ODO) Al pH 33U E . SA (TN, mg/L) FLEBE (TP, mg/L) ML 1.5 L /KAFIT5 pH £ 2.0,
i I 5286 % LA 2 S HOK BTN E 1 (6B-2000, BE B4 ) 24 h g 58 AN 2 . A2 46T Ui (BOD, mg/L) SR H] BOD
A Bk A S8 BUE FR AN AE o KR BE IR AL FE AR I TR 40 7 vk S % SOk 18] o Bl i Ge it o B Fnil 16134+
Microsoft Excel 2010 5¢ % o

2 BERE M

2.1 LRI BREEFEE

PRI FERRAE K B4R i 2B BRI , 9242 13~21 mm 2 [A], F#(15.8+3.1) mm, %% F50 H 45 5h
T 266~398 Z ], F-34(342£48) A, Horp 4 A R AT B K FHEHE AT (B 2a) . il T - Ejl22805, 2
BAER , ORIETEHES (& 2b) . B R, WK, MR G240, BRI . BERIO, B4 FEXR
W . TR 4 4 EARE FRE SEEIAAL, BRI, AT A (K 2a.d) . ZENFEREEIR,
88~ 189 A~ F-#4(140+27) 4~ (Bl 2e) o LA DL L EEZIEARHE , %508 MK FERRAE K BE R ) A0 P 28 bk
KA, ( Craspedacusta sowerbyi)

BEMMAIK PR P BRAL K B TR A5 RRAE 5 M 22 K PR B A B, oA AR g /N, 28 3 T 11 ~ 18 mm Z [H], -3
(13.2£1.9) mm, @il FHELST 260~281 Z i), 15 (268+5.4) A, Hrp 4 N EHEMFH B K THE
fil T (L 26) o 22 ZEPe BHRIR , RRIRBEHES ik T 1 (/& 2b) o ZRIE N AT REEDIR 132~ 136 A4, T34 (1342
D)4 AFEIR/INEEIR , ORBUIN, I R AHKATE , IR A SRR (B 2¢.0) o ZRA U FEZERSRHE, S8 %
PG K BERRAEIK B 375 BRAE K BE (C. kiatingt) .

2.2 L ERRIEK S F R G F AL

ITS K745 3 W /R U MK R 2 M FEAR [R]85 BE 25 /T 0.001 (it A AH LM 100% ) , 5 2 HRIE Y
K B ALK BEFE FHBkAE KB ( C. winyangensis ) R AHAUME 53 512 100% F1 99% (8 1,18 3) o BEAAIRIKFE
FEAR MoK PERE AR [A] 35t A R 29 R 0.210 GEHAEAIUTE 97.9% ) , 5 & 38 19575 @ kALK B ( C. kiatingi ) FFp
VARKAE KBS (C. ziguinsis ) SAEARIPE SR 91K 100% F1 95% , MR REA 5 35 E kALK B (G FE B A T 0~
0.002 Z [i], GREAMEA IR RSy 0.037 ; PR K PEREAS 5 K% 7 &R IR MR A K B L) K 8 Sk i 042 35 7 (5 PR Bk 4E
IKEEIR AL BEES A F 0~0.008 Z[H (£ 1),

RGKRE R BRER A 5 TR K EE (C. brevinema) 24 ALK BERIY) 544, 75 3 Ll 7= a1 |
WAL KByt 8 AL K BE R W) 5 48 88 Sk W RV2E 3 7 05 BRI AR 7K B2 38 IR TR /K BE [R5 44, T b UH 7= b
PAAE K BE T BE AN [R] 305 2% b 5 8 M ALK BE BT i Fl (181 3) o B8 B ff o b s R 32K PR AE AR (BI2 I
BJ3) 58 ki T FIAE e K B[R] S R FRARIE K B (C ), T s K FEREA (BIT) 5858 . = & 1l
FRIE 8 FH AT IR L =B AE K B[R] R B2 e A KB (B 41) o B 4N C A Al G AU = T A 4l P 4ERkAE K
B, RUIR B BRI 5 E MR AE K BRS¢ RBOE , 15 rh AE Bk ALK B AL AR (1 3) 6
2.3 Bk KRB EERRE LG

PRI K PR R SR A & - /INBUK PR R X MR A g o 2022 4R JE WS (4 /K SR B 3 Ak 48 4 v pHL,
DO BOD TP I TN % [N F4F AR , B4R K B & AR 1 5 2R 0 7 B i 4 AR A8 3y, Xk AE K B & A (s B A
PEAEFE ) 2 A B, (R KR A R A 1 3 i R AR AL, BV TR SRS E (R 4)

2022 SR FOK FERBKIR G L AEAE 8 I A1 (29.8°C) , HERE NI, £ 9 7 hAIEkE 24.2C, &
FAMR K R R JZ KRG R AEAE 7 AR, 8 A LAIKIRIFIR TR, 2 9 ARIREE 25°C . 2 AKEERbIE KB R A4
A 7K RIS AL T HE T B AR, HLERAE 25°C . — N NFRIRIE 5°C o BT sl sl Bk A6 /K B M A 4 19 DG B 3R
b .
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P 2 B AUV SR AN BOAR IR 7K ERRAE K B 2B RFAE (2 d 7R KRR [OBRAE K B,
o F 7R B RAME K 25 E BEAE K B b 7 il T B 22 B8EHES 7 50, e R P BT HEIES
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Fig.2 Taxonomic traits of the jellyfishes sampled from the Huairou and Huangsongyu Reservoirs of Beijing

EAE KB S B4 sk B 2 AR R 2K 45 KT
eI AE R AE SR T e I R K ol A
K PEVE IR 7 S R AE A K TR 2 1 (6 L A))
1 0.26 #1 0.19 mg/L, & 8 H )4 K 3] 1.06
1.09 mg/L FEARHF 3 KR4, Ak 10 13 9043 5 ik
2.00 i1 1.28 mg/L( P 4) . futcfeli 0 A L miEx
VR R DA A B F 150 A 1.20 mg/L. %
J T R AL A B BT P A

3 i1t

3.1 BIEKRENSHIER

MEAETK BE A 3R A3 A 4 v A Ty i X, HL 4% i 11
SIAREHEMA S E A AV RN E R, ZENY
Pl TSR B VERE A, DAL KT Bl 2 4 3t BLAS J5)
RIS S FEANBEAEACEE S R — | W R A
LRI o R B A BB AR KBRS R &9 K
VEH PRI P T [ 500 S i Bk AR 7K B34 2k B —
MR ECHEAE AR [ P R R 11 ARk A kB
o A5 ITS SEREAYBR 2 [k TE K B F b HE R 2 7K B
b A FE AL AR

AHFFEAK Y Bk AL K BETE 25 22 R AF, 1l DL A JE A
ITS 751 FEXTHIN T PR K R 2R LBk AR K R A B A s

60|% 80|% 10?%

C. brevinema ZG(F-1)

C. sinensis MP (35

C. sinensis WYH (¥ FH7H])
C. sinensis XX (%3%) A
C. sinensis IWX (JLWi7%)

C. sinensis LZ (I 1)

C. sinensis CQ (FEJK)

C. sinensis JA (11.%2)

C. kiatingi PX (H£L)

C. kiatingi YTS (= & 1l1)

C. kiatingi HY (F2if)

C. kiatingi DY ({£FH)

C. sichuanensis QCS (F3111)
C. kiatingia BJ1 & (FFalE)
C. ziguiensis ZG (FFV)

C. sowerbyi DL1 (Ki&)

C. sowerbyi BI2® (113%)

C. sowerbyi BI3® (M13%)

C. xinyangensis YTZ (%&)¥)
L C. xinyangensis AJ (‘% 75)

L C. sowerbyi DL2 (KI%)

Bl 3 Jba 5 H T X ALK B ITS 52 1%
KRB ARG AR AL AR i)
Fig.3 Phylogenetic tree of Craspedacusta ITS in Beijing

0.14]

0.09 0

0.09
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(The rhombus shows the Beijing sample)
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Fig.4 Seasonal dynamics of major environmental factors and zooplankton biomass in

Huairou (A) and Huangsongyu (B) Reservoirs

IR PR 38 WAL AR [ P o DLRR Y S ob s BB AR K BEPE R 2788, B 2 S 0 B R AL S8, R B
A4 2 PRI R B GRS IR A B SR T ITS BT A Z R AT, 2 K EERRAE K
ERYIR A SR T AL E ™ L B BAE K BRI R FO R AE K B AR AL 5043 A 12 8 R WAL 7K 8B o
ZREPERS SRS B AL T T = B A 2 0 R K0

ITS 34745 SELER AR 2K 2 R FCMEAE KR [ I, 5 S 3% T 0850 78 S 16 AR N 22 75 S5 T X
T BIBEAEAK BEFIRE T AR [ORAE A BE . 33— 25 S48 7% T PN R EC R AE K BETTRE S92 20 A T 43 3 vk 1L s
BTSRRI TOOR VB SN BT R L TR LR R B R T
ATHEAE A BT TR I 1 S A A B R WA K P TR 1 SRR AL 2 B K L K
L ZE R AR AR A T AR R B BRI 2

T E MAE K REAE 5 RS TRETC R i 0 b 2 3 e P 0 A D 7% o MM R RE AN K U1 Biids 2 i bt
P FEAE AL X K P45 SR AR , 8 W HGRE A A 3 LR OR AR K R B — . [ 2 3 2 3 i L o Mk Ak
{1 MO IR 375 4% S Rk — 2B 5 43 S B A3
3.2 BRTEK B EREEIE KL H AR B HE R NME

1] P R 2 B B R AL K B 10 8 2 S5 K 0 B K R A AR 166 2R , DA SR Wk A 7K B2 5 0 K Ak 1 9
TR A DCRIFE AR5 R AT K S 7K SCRIR BORIE ' BRAE 7K B 06k 7K B0 858 () Tt o2 4 I 1 %
PE BRI A AF I B 2 S0 000 T . ABFZE T, U502 A KPR SRk AE K BE RN % 4 1 2022 4R 9 ), {2
AP IX (9 32K 0 T 1 RIS O AR S BT K TR AL R, X B b 2 K FR R Rk (GB
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