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« Gelatinous zooplankton(GZ), are a polyphyletic group of transparent and fragile marine organisms that are “| CHina ion 2 Bay oS5 S 1000

characterized by high tissue water content (> 90%) and unique physiological adaptations. § | "" s
» GZ span from mucous-mesh grazers to carnivorous predators, playing vital yet overlooked roles in food webs and = | |

carbon cycling. Despite their influence on trophic dynamics and carbon sequestration under global change, S B .

limited long-term monitoring constrains our understanding of their ecological roles. 4000
« Similar to warming effects such as ocean warming and marine heatwaves, cold climatic events, including § 5000

temperature decreases and cold spells, can also severely disrupt plankton ecosystems; however, their ecological ~ .

impacts have received far less attention. @Aquéculture area  J§ Nuclear power station & Petrochemical industry park L Huizhou port

T Tourist area —» Coastal current (Summer) =3 Coastal current (Winter) —» South China Sea warm current

« Daya Bay, a semi-enclosed subtropical bay strongly influenced by the climate and intensive human activities,
: : : : : : S : _ Figure 1. Map of the study area showing (a) schematic diagrams of seasonal ocean currents in the
Serves as an Ideal natural I_aborqtory to investigate how climatic and anthropogenic pressures jointly drive long northern South China Sea and (b) the sampling stations and human activity zones in Daya Bay.
term ecological transformations in coastal ecosystems.

Temporal trends in climatic, environmental, and biological variables
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or Chla (p > 0.05; Fig. 3b—c).

Figure 2. Long-term variation in air temperature (AT) (a), relationship among the Nino 3.4 index, sea surface Figure 3. Long-term variation in water temperature (a), salinity (b), Chl a (c), zooplankton
temperature (SST) anomaly, and AT anomaly (b), daily values and climatological mean of AT (c), and long-term  apundance (d).

variation in the topographic position index (TPI) (d).
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Figure 4 Long-term variation in the abundance and relative abundance of GZ. 5 Fisher's C = 23.75, p=0.59, n =263 Driver

<'%Ta R U | Jellyfish I - ” ; 240N Figure 8 Piecewise structural equation model illustrating the direct and indirect pathways through which climatic, hydrological,

Ec? 80 = R biotic, and anthropogenic drivers influence the abundance of GZ. (a) Arrows represent significant unidirectional relationships

= 5%88% | I 1 | 1 1 1 : ' 7 - - : : = =

2 (ods m400 £ Nm@eﬁm = 2 1 IF30E 1440 14530E  114P40F I30E 14°40E  1450F  11440E (p <0.05). Arrow thickness is proportional to standardized path coefficients, which are indicated on each path.

.§ ? § I 2005 iféii’fﬁiﬁiﬁ?ﬁi‘i"“ Richness © O O O Abundance © O (O O

E 40+ _200-;; ILarvaceans N :jﬁ%ﬁ:ﬁ’% 12 23 34 >4 (indm?¥  1-5 5-10 10-15 15-20

= 20- z S ;Eﬁm}am W Jelyfish [ Thatiaceans [ Larvaceans s ——

< =% 5%%?%%%%%2’;%?2“ Increasing temperature

- — Oikopgeura dioica - - - - - - - AN =
0= e - “tzciit.  Figure 6 Spatial distributions of species richness (a) and abundance 2 HO L ve# @ X
5020 trene hexanemalis ] . CPRI

< % 00 _ s T s (D) OF gelatinous groups during 1995-2007 and 2008—2023. e

= ° B [| potioietta gegenbauri

S 60 _5 = 003 gﬁ?f,&}%ﬁgﬂ?gﬁ 50 _ a ok b o _ 10 ¢ ns

_§ 400 E Thaliaceans Izou E%{%ﬁga mﬁrce?’s [ ) 4.0 — | E g -

E 40+ é iigg: Hnah'af ticu E 50 4 E 35 - E '?_E 6 —

S R _Cé I Larvaceans i%ﬁ?g _ .E 40 ﬁ E | E -E 1

2 o = L Foxpuie £ g 30 &

3 ] < 3om R g 30 4 205 2 ¥ o2-

x : Bﬁ ood ’Wﬂr . o e

0 o sl DL 0 §au Rl o 0L | 20l | 01 - :
=200 ~Rremenn 19952007 2008-2023 19952007  2008-2023 1995-2007 20082023

~ 80 600 f = [ Plewrobrachia globosa

é ¢ e an - Sl !199 [ Dives chamisson 40 - d ——— | — | — | L1

2 60- E T = (o, 2 30 - | | |

- 400 T | thacems o e Z- | é | | o

: < — e : ? b | | A :

= 40 51 =200 ngio&%?g% a};ﬂis & 10

o g IL"’“““""‘?ms o = ket | | |

= = L 200 2 =31 ™ Eirene hexanemalis 0 . r 1 ;

= 20 - H\D 5 =3 e

) = m— [| Dolioletta gegenbauri 4@ ns | ns | ns | I

- < B By e z T L U -

0 S P 1P N = 3 bt s Z 3] | |
T T I = 2022 = %ﬂ%ﬁiﬂwﬁ r%xvgx E | ﬁ | ? | !

.80 600 m 1995 = Plewrobrachia globos = 24 $ | | |

S g & h fraytisn = B ooive i E | | |

~ < J z002 W. . S

2 60 — A 8 Thaliaceans J 2003 ;Legég:y%’?;ﬁm : I !

_cgu ~ 400 _:':s iiz: |mpiew discns _ 1': f % | — | |L| | |L| 1

40 arvaceans = 2006 T | | |

£ 2 I e I P | é . @ | 1995- 2007 ' 2008 - 2023

< -200 @ 200 = glplene s R I%I ? é *

£ 20 - = =300 0 Dlletagegerta, = D | | |

: 8 = e N il | i

= , & e et B 0 . -

0 - ol - == 0 E§§i§ ;%ﬁ%ﬁ‘fﬂ%}ﬁ%ﬁ §] Spring Summer Autumn Winter
1995 2000 2005 20 10 20 1 5 2020 =202 = Oiboplowra longicauda
Year B 19952007 [] 2008-2023 ns: p =005 * . 001=p=0.05 *k - p=0.001 . . . . . . . . . . . .

. . : : : : Figure 9 Conceptual illustration of regime shift and the changing pathways through which climatic, hydrological, biotic, and
Figure 5 Long-term seasonal variation in the abundance and relative abundance Figure 7 Comparisons of annual (a—c) and seasonal (d—f) species an%hro ogenic (;Drivers i fluenced thegabun dance of GZ rougs ignpDYB f>rlom 19995 2023 CPRI- clim;/te n gsical fisk index:
of GZ(a,c,e, g); Seasonal shifts in GZ groups and dominant species composition richness, diversity (Shannon index), and abundance of gelatinous MCP: I?na?rine catch oroduction: HAL: human activity in dgex P ' ' Phy ’
(b,d,f,g). (a—b) Spring, (c—d) Summer, (e—f) Autumn, (g—h) Winter. zooplankton between 1995-2007 and 2008-2023. ' P ’ ' y '

* An abrupt shift in the gelatinous zooplankton community occurred around 2008, when the mean relative abundance decreased compared with the pre-shift period(p < 0.05), but subsequently showed a
consistent increasing trend (p <0.05)(Fig.4).

* Following 2008, GZ community shifted from jellyfish and thaliacean dominance to larvacean dominance, driven largely by species turnover within larvaceans, with Oikopleura rufescens dominating before
2008 and O. dioica becoming overwhelmingly dominant afterward, particularly during winter (Fig. 5-7).

* A pronounced decline in both species richness and diversity was observed after 2008 (p < 0.05)(Fig.7).

 MCP showed the strongest positive effect on total GZ abundance as well as on all three gelatinous groups (Fig. 8-9). Jellyfish were mainly influenced by chaetognaths, SST, and HAI; thaliaceans by
chaetognaths, SSS, and SST; and larvaceans by copepods and SST.

Conclusions

« Aclear ecological regime shift occurred in the gelatinous zooplankton community of Daya Bay, with a abrupt change around 2008 triggered by an extreme cold anomaly.

« The shift was facilitated by cumulative anthropogenic stress and intensified summer upwelling, indicating the joint influence of climatic and human pressures.

* The post-shift decline In species diversity may weaken ecosystem resilience, whereas increasing larvacean dominance suggests enhanced efficiency of energy and material transfer in the
planktonic food web.




