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Abstract: Fatty acids are key biomarkers that act as essential energy substrates and structural components for aquatic organisms while

displaying conserved, taxon-specific profiles across primary producer groups, making them effective tracers of nutritional sources and
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energy flow in aquatic ecosystems. Zooplankton, as critical links between primary producers and higher trophic levels, exhibit fatty
acid compositions that reflect dietary quality and utilization efficiency, thereby governing the ecological efficiency of energy transfer
to upper food webs. Lake Erhai (25°36'-25°58'N, 100°05'-100°17'E), the second-largest plateau freshwater lake in Yunnan Province,
China, has experienced increasing eutrophication and frequent cyanobacterial blooms in recent years, yet studies on zooplankton fatty
acids in this lake remain limited. To examine seasonal variation in zooplankton fatty acid composition and its environmental drivers,
four dominant species—Mesocyclops leuckarti, Daphnia galeata, Phyllodiaptomus tunguidus, and Bosmina longirostris—were
collected monthly from July to October 2025 at five sampling sites in Lake Erhai. Fatty acids were analyzed by gas chromatography—
mass spectrometry (GC-MS), and permutational multivariate analysis of variance (PERMANOVA), similarity percentage analysis
(SIMPER), and redundancy analysis (RDA) were used to evaluate the effects of month, species, site, and environmental variables.
Results indicated that: (1) month was the primary factor shaping fatty acid composition, accounting for 40.93% of variance
(PERMANOVA, F=25.827, P<0.0001), with no significant main effects of species (R?=0.035, P=0.195) or site (R>=0.059, P=0.082);
(2) phytoplankton community composition strongly influenced particulate organic matter (POM) fatty acid quality, with diatoms
(especially Cyclotella) and Cryptomonas positively correlated with PUFA, EPA, DHA, and ARA; (3) variance partitioning showed that
POM fatty acids and environmental variables together explained 54.25% of zooplankton fatty acid variance, with pure effects 0f 28.43%
(P=0.001) and 14.28% (P=0.006), respectively, and water temperature as the most influential single factor (R?>=0.141, P=0.001); (4)
SIMPER analysis revealed that declining water temperature significantly increased zooplankton polyunsaturated fatty acid (PUFA)
abundance, with EPA rising from 3.78% in July to 7.86% in October and ARA from 3.41% in September to 9.51% in October, while
saturated fatty acids (stearic acid, 18:0; palmitic acid, 16:0) decreased; (5) a temporal lag existed between peak fatty acid quality in
POM and zooplankton: POM PUFA peaked at 60.22% in September and fell to 34.68% in October, whereas zooplankton EPA and ARA
peaked in October, indicating delayed trophic transfer. These findings clarify seasonal dynamics and drivers of zooplankton fatty acids
in a eutrophic plateau lake, providing a scientific basis for understanding nutrient transfer mechanisms in lake food webs.
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Fig. 1 Distribution of sampling sites
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ERARFESAL, RERKIZ 0.5 m AEEIK 0.5 m IK/KFE, (M Z SHUK BT e K
B (WD, %E% (DO). pH. HFE (EC) MM, FHE (SD) RAHZEKA (Secchi disk) MIE .
Wk LEFITFZREES 1 LKFE, 4CARBBILRTT, 24 h WEBESER SWFERI . B& (TN) X
PR S BV AR R A o e e (HT 636-2012) W8, 2 (NHA-ND SR 44 [ 7 ot B (HI
535-2009) MW, = (TP) RAMHMREFGLEE (H1670-2013) W, ¥ & & (COD) KHE
FRIR VL (HT 828-2017) M8, M4EEK o BT IE 500 mL /KA R BEFLFHEJENE (0.45 um), FH 90%A
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TERRA KRR AAL, SRERIE 0.5m FIEE)E 0.5 m FI/KFES 1L, SZBIIIA 10 mL & 5 IR (Lugol's
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1.4 EZTRAHY (PON) 5iFiiEshiIxReE
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YIRS, DR B TSR AE 450°C Kok 4 /NI AR 4EIEIE (GF/C, L4 0.45 pm) i JE
JENR R A E LR E T-80°C -7, Ak T 185 H T M R4 I o 47
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W PRSI SE CBOKERAET A TIR) B (AR eIk E. BREWE. FRet
. KR SR Phik 30-50 MMEDHIE TELES, BET -80°C KM IREFIITRO. BT
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AEAEALY), WHE 1 min, B0 (3000rpm, 5min), % EEEHM, EE K. bR TZEKES
I 1 mL 14% BFs-FEAR, T 80°C KB 1h FEMFHEMN. AEEMA 1mL Z8T/KM 2mL Ik
CBEHREL FAMEs, J®jiE 1 min, 2.0 (3000 rpm, 5min), ## LEEHM, EERR—IK, &IHEH
Ao MM 20 wL FHEEBRFES (19:0, 0.01 mg/mL) ANWFR, W T/ELL 04 mL IECEER, BA
GC HEFEHAFIN

1.5.3 GC-MS %47 FAMEs K Trace 1300 SAHEIE—ISQ Ji MY (Thermo Fisher Scientific, USA)
SHE, BB TR-5MS(30m X 0.25mm X 025 nwm). S NS (99.999%), {53 1.0 mL/min;
HFEE 1 wL, AR, #hRE DRE 250°C ALIRARFN: 50°C fRFF Smin, B 15°C/min F+E 160°C,
FLL 2.5C/min FFE 240°C FHARFF Smin, HJFLL 10C/min FFE 280°C FFAREF 10 min. JEIERA B
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1.6 BHES
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1.6.3 % A%t 5 4 £ Taipale ST 7%R, RAE#Z 5077 Z50 8T (PERMANOVA) HTFRKIK
PE SRR IG H 0 s RN b R A AR 0 Bl W P W R 2EL S A o A5 P 22 G B U [ O PR
3% (PERMDISP) 3&iE PERMANOVA (177 Z= 5 AR 38, SR AR AU/ 43 Ee 204 (SIMPER) R i3 i
HIAZ ) R ETTHRIRIIR . TG - Hr3fE R F8E R A vegan BL5E AL, B IIKEBHN 9999 K.
1.6.4 THYH Z7% Mathieu 50V 7L, KHET RDA M7 Z 5 f# (variation partitioning) 456 i
TLAS AT (partial RDAD, BALBFHHRA Y (POMD i IR 5 ¥R 55 (K 14 15 5 S i 17 B 4 A8 57 )
AR . LAV IS WINE RS 7> 4 (SAFA. MUFA. LIN. ALA. EDA. ARA. EPA. DHA) Jyli»i 35
&, L POM MEWER 4 HMMEE 7 OKIR. pH. EBHE. HEE o NAWAMBREE. TR E S
BE AT I IE 52V 77 R4 (arcsine-sqrt), AR EMAT Z-score bRtfEILIFRIBRE 7 24 & . KA A%
WERE (Ad). R?) HRATL FEEN AR AR, Rl 999 KB k16 VP By 2
(P<0.05). #r#T#E R H1{8 A vegan A58 i34,

1.6.5 FaFtidh 5 POM 5 5 B2 69 =03 947 AR SV A VA 40 RO SR LY (POMD) AR B IR (5%
W, LRSI &S EAEYRS POM BIRR SRR R. OISR T b .
POM JIE iR & 43 L3R R A Arcsin “PUriR¥e#e, BEREMELIRRA Log+ D)4, LK S ESS A
AT EFAE G Wb BIBRF G R, AR B TR (P<0.05 HEE>0) MgR. thit, KA
Pearson HHIG/HTRCIREERIRIAIM LA MG R, LA AT REIBR AR DG, MO TTE R FRoeh, B3
KPR E A a=0.05,

2 HR

2.1 ESEMBEAR
7 ABEECLREE TN B, HAwE Stk 7 A BRI 25.8% B4 THE 7 H THII 49.4%

(A3 40.8%); [FIMASEEEIT A LLFFEETRE (35.7%4 % 13.1%, HJ26.4%), MEITH LA (6.3%
T2 18.0%, A 13.1%). HEEIITE 7 A¥shTERE )y 9.9%-30.6% (H¥ 16.6%). BN 9 A, BHKLEH
)T R — 5 i AR RS . RESE T A LT & 26.1%, FF7E 9 A 22 HiEE) 41.6%; HHEEITHEE
EeoA 29.0%, fE 9 H ZIRGER KT (B 35.0%). M2 R, HETAY % E 28.9%, HAE9
H 22 HHMBPERE (11.2%). 10 3B HR At — BT, HIET 5 LL PR IE T = 38 e xR
H(56.1%-75.2%, A1) 64.9%), MEHEITHEET] W EE R (5108 3.7%-18.9%5 2.7%-8.7%);
FEFEIIAE 10 H 4ERFTE 15.8%-21.8% M HH /KT, Bl ] BREET] 5 S 1 TERE AR FE T o LU AR X LI
{HEFFS I (- 2).

RSB X TN EREEE (Melosira). /NREIE (Cyclotella) FEHEEE (Synedra), HHHE
IR (Melosira) {E=A A8 G481 Sz, HZIHEMEMN 7 A1 17.29 7+ 5 9 A1 54.62,
10 A EgFE 2 44.35, 51K E 9 Ak bl A S RRHEARY) & . /NREEJE (Cyclotella) 1E 9 HRILH
AT B (7 H 9 AR 10 A58 1.17. 3.32 1 1.63). 4158 (Synedra) M 10 H B & T B (0.35,
0.70 1 0.05). FHEEILE A TR 251 NANIR B 2 R )8 (Peridinium), %J8 H R4V E 2R LAE
#, 7 AK4021 A& 9 AR 59.03, IHAE 10 AILBNE(E 147.11, XRLT K L 10 A B LR LR
BE TS R . TR EE IR RSB LA 8, 7 HLIRZEE (Aphanizomenon) NE (7.93), 9—
10 H#: N85 )8 (Oscillatoria) X5, W& Ak 43.63 1 15.46, Dy fE#)E (Pseudanabaena) 1E 9
H B S (10.25). 30T EREER (Mougeotia) (£ 7 H BB (22.54), 9 M EGHEE

(Staurastrum) FY)EFE (11.80), SHEREIE (Mougeotiad (7.97) FL[FM M FEH 77, 10 Hix[ 1%
RAEY)E T, BREITMILA B NEEEE (Cryptomonas) FEFREJE (Chroomonas), FHHIa#EE
(Cryptomonas) TE 9—10 F 4EFFH X R B E/KF (431124 3.69 Fl 3.66).
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Fig. 2 Temporal variations in density and biomass proportion of different phytoplankton phyla
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Fig. 3 Monthly phytoplankton genus richness and dominant genus composition
(a) Number of phytoplankton genera in July, September, and October; (b) Relative abundance proportions of dominant genera in
July; (c) Relative abundance proportions of dominant genera in September; (d) Relative abundance proportions of dominant genera in

October



2.2 FiETh4BE AR ER B AR IR
ZAREE A, VURF I sh P e i R 4L ¥ L SFA A, HURCN PUFA 5 MUFA (% 1. BEA#
e, SFA Ll AR TRt (7 A 61.83%-76.77%, 10 A 41.99%-48.00%), PUFA HL#I7E 10 A %4
Fh¥iE B i =il (37.31%41.12%). ARA Fl EPA %5K 4% PUFA £ 10 A AR & &275 % m T 7 A9 A
KF.
#1 EABRWUFEIEE I RA K (%, mean+SD)
Tab. 1 Fatty acid composition of four zooplankton species in different months (%, mean + SD)
VEE Y SFA MUFA PUFA ARA EPA DHA
7H M. leuckarti 76.77+8.74 7.33+2.77 15.90+6.05 2.43+0.99 2.57+1.02 3.70+1.41
P tunguidus ~ 61.83£3.05  9.38+1.67 28.79+1.37 3.55£0.71 5.58+1.76 6.74+2.50
D. galeata  66.56+4.44 10.29+1.17 23.15+3.27 3.44+0.02 3.77£0.06 3.85+0.24
B.longirostris - - - - - -
9H M leuckarti  62.58+13.11 19.38+12.45 18.04+3.87 2.87+0.75 2.72+0.67 4.29+1.36
P, tunguidus ~ 59.94+17.17 19.53+14.38 20.53+2.79 3.65+0.43 3.39£0.37 4.61+0.52
D. galeata  59.37+4.79  19.29£5.65 21.34+5.08 4.20+1.12 3.39£1.10 4.31+1.46
B.longirostris  64.44+14.60 18.43+12.93 17.14+2.61 2.97+0.48 2.76+0.40 3.43+0.64
10 M leuckarti  44.60£6.35 17.80+4.34 37.60+2.72 8.20+1.34 6.86+0.83 6.45+1.47
H P tunguidus  41.99+13.34 16.89+5.72 41.12+8.52 12.30£4.31 9.82+3.42 5.07+1.61
D. galeata  48.00£19.09 13.56+8.09 38.44+13.35 8.66+4.16 7.21£3.21 4.72+2.67
B. longirostris  46.86£9.63  15.84+4.79 37.31£6.62 891+3.18 7.55£2.56 5.64+1.35
W 7 ACREEPKFIR L% (B longirostris) 3 E AL LU BIRHER 2 M1 BT 75 el AMA %L (30 4S)
2.3 B3 95 S A3t Zinrsn i bE BB LA 5k B 520
F T RK BB B A0 MR RS B PERMANOVA 34T (9999 IR E#) Box, AW RHE TR T 40.93%FH) &
A (F=25.827, R2=0.4093, p<0.0001), sf7 (F=1.873, R2=10.0593, p=0.0818) F#F (F=
1.466, R2=0.0349, p=0.1947) HERR ARk BEKF.
TEH, Hyx AL (F=3.883, R2=0.1846, p=0.0005) FlSAixMF (F=1.796, R2=0.1708,
p=0.0440) KB RZEKN, T HB<WHZHEEAARE (F=0961, R*=0.0381, p=0.5096).
2 IR R 4L RLY) PERMANOVA 40 145 5
Tab. 2 PERMANOVA results for fatty acid composition of zooplankton

5 df SS MS F Al R? pfa
Rk s 2 1.0392 0.5196 25.827 0.4093 <0.0001
P A 4 0.1507 0.0377 1.8725 0.0593 0.0818
Yo 3 0.0885 0.0295 1.4664 0.0349 0.1947
R sidL 6 0.4687 0.0781 3.8830 0.1846 0.0005
VERVREZLE 5 0.0967 0.0193 0.9609 0.0381 0.5096
SR Fh 12 0.4337 0.0361 1.7964 0.1708 0.0440
Bh2E 13 0.2615 0.0201 — 0.1030 —
Bt 45 2.5389 0.0564 — 1.0000 —

2.4 F[EB5IE:ZiHshiRE BhiEL 40 Ak Y 2= R4HE

SIMPER Z3- #7177 A 4 M4 2 R oG IR . 7 A5 9 A p =TTk ie i i & iR
(24:1, TTHRZE 13.5%) FIG-11-=+HFR—EIR (20:1, TTERZE 11.5%). 7 A5 10 Aia), fEfgEE (18:0,
DUIREE 13.6% )+ ARA (20:4n-6, TTEREE 11.0%) FEFHER (16:0, TTHRZE 10.2%) ) R TTHR 21X 34.8%
EPA (20:5n-3) 7£ 10 A FHIARR &8N 7.86%, w1 7 AKI3.78%, TTHRERA 7.6%.



9 A5 10 AN EZTTERIG B A ER (FTERE 12.9%). ARA (TiEk% 10.4%) 1 EPA (TR
8.8%), KEENENTIR B TTIRE )y 41.0% CFF W FFR 1-3),
2.5 BRHmAIANG (POM) FERBRERMEMETMTK

POM JIEHRRALRIE = A BRI FERE 2R (R 6). 7 H SFA Hfilfm (80.09+2.06%), PUFA
ik (16.31£1.39%); 9 H PUFA &3 7158 (60.22420.55%), SFA KIETFE (31.52+13.68%); 10  PUFA
ELfil (34.68+7.48%) % 9 AHHFTEYE, SFA FEIFE 59.09+6.86%. 9 H ALA (17.74+9.21%) il ARA
(14.07+£5.21%) FIEE) =AF 0 il -

#* 6 % H4 POM EHiFR4LEL (%, mean+SD)

Tab. 6 Fatty acid composition of particulate organic matter (POM) in different months (%, mean + SD)

VER SFA MUFA PUFA ALA LIN ARA EPA DHA

7H 80.09+2.06 3.60+1.25 16.31£1.39 1.10+£0.16  527+1.00  1.27+0.10  4.89+0.38  2.95+0.28
9 H 31.52+13.68 8.26+6.89 60.22+20.55 17.74£9.21 9.19+3.18 14.07+5.21 11.62+4.98 6.02+1.36
10 H 59.09+6.86 6.24+1.08 34.68+7.48  10.48+3.52 9.55+4.65 5.97£2.09  524+1.60 2.16+0.58

2.6 POM BERAER S5 IMEE T X5 i2 i sh 105 B ER T F AU AE 33 Sk

BT J5 2253 R4, POM JIi I B2 5 34 B A8 8 0V i s i 117 R AL R0 S5 R IR 5 R AR PEE TS 3] 54.25%
o, POM fRMFRRILH B35 X SEM, HAMNMITTERT 28.43% M B REFEE (p=0.001), &
- 0 S TR A IR S e 2 0 R O TG 2L o P B 1 o I AR B P A R S AR SN BT LA it
MSTHERE T 14.28% 17 R (p=0.006). FRHEFMZEAEAAE 11.54% 0L MEE, KT Yk
VRSB A 2 I B U AR o e A 45.75%B078 TR M ARRE . SRRV 240 AR I I 25 A AT e 3ds 52 21 HAth
YIS AEEMR TR . RDA HEF 45 RE R, 75 POM BB H, DHA. EPA fil ARA StHEF i 53
MRE K, H=#15 RDA1 Fl RDA2 i & A5G FEIREE A 7+, AKIRFIT R o IRFEETTIRECH B3 .
HAKBERA N AEE (R? =0.141, p=0.001), FTMEEE « iKF (R? =0.126) flpH {E (R?
=0.104).

00
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K 4 FRiEE IR NITRAL ST 5 POM MEITR S IABER T 11 RDA 43#1 (% : P<0.05, **: P<<0.01, ***:P<C0.001)
Fig. 4 RDA of zooplankton fatty acid composition constrained by particulate organic matter (POM) fatty acids and

environmental factors (¥, ** and *** mean P <0.05, P <0.01 and P<<0.001, respectively)



2.7 GRFEYIEES POM BEAFER AR K 1E

LR FFAHT R 16 HBERE AR S POM i BRI B3 IEM SR R LI R 4). i
W& B 5 Z M PUFA 2 B E EMX: MAEEAYE S PUFA & & (R*=0.50, P=0.007). DHA (R*=0.48,
P=0.008). ARA (R>=0.47, P=0.009). EPA (R>*=0.39, P=0.022) 1 ALA (R*=0.36, P=0.030) ¥J& &
HIEM%; HEE#)ES EDA (R2=0.49, P=0.008) fl MUFA (R*>=0.41, P=0.019) 2 &EEIEHH; £H4F
P)% 5 DHA 223 EAHXK (R*=0.35, P=0.034). Q@@L RS PUFA BEEREIEMHL (R?=031,
P=0.046).

Wi 5, (hfPEE RS PUFA (R2=0.51, P=0.006). ALA (R*=0.49, P=0.007). ARA (R*=0.40,
P=0.020) 1 LIN (R*=0.37, P=0.026) ERFEIEMH; MIE#EES MUFA (R*=0.36, P=0.029) 1 EDA
(R?=0.31, P=0.049) R IFH; WLF4EER S ALA £IEAE (R2=0.33, P=0.040). SR, AH><ME0 4T
FKUh AR R 5N R B AR EWSRIEA S (1=0.77), $ER{9 AR R 5 PUFA 58 I R I A o i
Al e AR A G
3 Wit
3.1 RiEEYIT POM S BAERLE AR B9 240

POM JIE 17 195 2. 1 55 V27 ViFE AT 2P0 T 5 ) 0 S 28 A D 1 SR 17 " i AL 0 28 8 e Rt A o & )
W rio FEBEE A EHEN AS/A 6 BMFRER S, 7 MkA B EPA fl DHA, /NAEEJE EPA & &0k MR
BRI 15%~20%1353681, B 57 i /N 2R3 )8 5 PUFA. DHA. ARA. EPA 5% LC-PUFA ¥ & 83 EMHE,
BEEEEME TR BRI 5 IR EMHCR R, X EREEEIE N SRS PUFA SRR AL RHE
—3. FREEFEFEE PUFA [0 E EORIERT, L ALA 871X 20.7%~29.9%. EPA & & 7.6%~13.2%, AW
AR S PUFA SR IEA DGO RIGIE TiX— A .

FRfE ., hAJEEEE S PUFA WIEAHCIR TR A OC . W Bt = & K PUFA Ft
WM AS FBAEES C20/C22 EK A, H HUFA & &3l H AR AR 2 R, B o RER(ALA)D
TERIBER AR, AR RS ALA WEEMYE. FRNEERIhaEERS N EREYER
BEFEIEMAX (1=0.77), FRZHENAZDE FAELEXR, HBEEIN/NIFEEN PUFA 1) E 2 A K
H, AR hAREEE S PUFA ST AH IS M SE /N IR SE UM AT S, R VR A4 ORI HF 31 Se A= 2
BN
3.2 Fifssh¥Re R EL4E A YR B 1E Y

PERMANOVA 7 #T45 5RK 8, A4 R s2ma iz i 20 VMg D7 B 2L i i v B e vk R, fRRE T 40.93%

A s (F=25827, P<0.0001). frEWBHRE, £T 7 AFHLAAM (0=3) ST 910 A (n=5),
Z AP G AR — B AR T RE S BRAE BTN A B R, ARSI B AR FEE AR . 9 2 10 A (A
WEEM R AR ED, FEBEE I -0 - R G5 A N I S IR A B IE S . T
T, ¥ (R* =0.035, P=0.195) FIREESAL (R* =0.059, P=0.082) MEMNHAEE, LHA
R S RN 23 1) 8 ) PR R D PR 2EL W 22 e 5y, I TR IR 3 AR A o5 3= oz o “ 3 4 Xk ”
THAEAARZE (F=0961, P=0.510), ULHAIRIEHESIVISEEEN H 0738 1 1) g Iy e e b X2 A —
Btk X g5 SRR R B I A B IE S AL 7E 25 2B ) LA Xk A (1 i 40T,

05 25y e B SR K IR B AT B B 4R, RDA R #r bR, AKIRIREERE T 5 W sh W g
IR A% 2 EAHOG: RDA Z4iHEF B b, /KR ES5F#31Y) EPA. DHA fil ARA (HUFA) [
BT AR, Bk T BESFEs RN HUFA & &7 Z U6, X 5RMNTEMRE S S
HUFA 2 & B AE T

SIMPER 73 #7135 B3 T ¥ e sh ) fe W B AS R0 A 43 TE0 () R A X . B /KOR R B%, PUFA AHX & & 2%
b Ft, SFA AEXT& & R %: EPA MIAEXT & & H 7 H 1 3.78%- 9 H 1 3.05% A2 10 A1 7.86%, ARA
AR 7 I 3.04%. 9 A 3.41% TS 10 AR 9.51%; ARER (18:0) HIARN S&EH 7 A
1 37.04% FBEZ 10 A1 22.91%, MR (16:0) B 7 A 27.44% FF4E 10 A1 17.52%. X—251k



WS AR E R (homeoviscous adaptation) — MU, [RIEIAET N, 4UIRENTE: T
M L B 1 ) RE AN TS s e 42, AR IR B iE a4 s A AR PUFA B SR 4E R R B 1 . PUFA 43
TSI NS, B TR EE 1 R M MIRE AT, AT M R i ) B B M e . X —
i R AL CL7E 22 ST 55 o 453 B B8 0F - Hahn A von Elert ({08236 B7R, IR 2 2425 T 7Kk & (Daphnia
magna) & W PUFA FXF % 5148 Gladyshev SFH410) 25 LU 8 2 B, 7KIR EE POM JIig 107 B8 40 A T e
B AT Eh ) HUFA & & .

6L FE BX B B P AL FE — s R B 55 T W8 o 08 Bl ot i sh P P T R 28 Ry B2 o AR
WFFCIR RDA 45 BoR, PR THAL R T 14.28% A0S, X MBI s I e w shit RI &
YIS AE (R NG W BRARAE T A BE W 8 i A BV 4% ESh B P9 L T IR BR (A X R 8 o« 24 B YR 1K)
HUFA &5 FRERS, PR qr i R AR R A T 36 7y oA B 9 i B BRI s mm 8], R, K stieth s
RH R 43V I Sl vl gl e B P O BE LA R BE AT /R PUFA 1A PR EE/ MBF0, sell— e NS
FETEG, (HEE S22 G IRER AR BR H) 146491, X Fofr 3= B 15 B ) — s P2 BE AG A7 e s W E AN [F) 2715
MREME T Y Fr it HUFA /K, XTHAEFEMIRERE EEZE .

3.3 EFHEIEHMEGE

R POM HI T 7 B8 28 et ¥ ik 3000 g B R 28 1l B AR 8 35 s i) (AT 55 U7 22 43 AT .7~ POML JIi iy B 4l
BN R? =0.284, p=0.001), FRAIM SR 200 g 105 8 2E Fi b %o T 000 A LA A7 75 B S5 () BT i) 68 or
(HiJE) D%, BRME, 9 A4 POM # PUFA [J°F14 &7 EL A 60.22%, T 10 A (1) 34.68%. Al
FIF YA EPA 76 10 A M- TFEAHRT& &8 (7.86%) &iiET 9 A (3.05%). 5, ARA 7E 10 A
X EE (9.51%) BEET 9 (3.41%), TTHRERIE 10.36%. XFRIH o3& T i i S E 5 T8
PR RIGHMILS, SRS T AN R IAHY) G Taipale 2805008 5 i fig g 7 B 43 #T R 3L,  Daphnia
(AR T R R AE R W2 1 BRI IR, 1EoR T B A S I A AL . Grosbois 2054 R4 T #k =
FEL AR, K PR IR 2 0 1 0 5 e R 2k P S A AR R 2 IR LE W R B TR G, 3R AR 2B
VIR BB B R AT B & I B BRI R 2.

EAFERENIZ, SIMPER Z i8R T IR N SFA 19 A AR RHIE . BEAIEER (18:00 7E9 H
510 Az R P RTmk R (12.85%), HANSEH 9 A 34.55% FHZE 10 A1 22.91%. XF
SFA FREFERE PUFA b IRE Sl — 0 30k T s vt 0 TG T BR 1 E Sh AR B 3w . MR Bz
B, EREESh Y MA TR S E AL SFA A MUFA DLtREE, T AR EPA A DHA fRJGH TREBEIR & S
YERF2, Hartwich 55 NECUGHZ I ) VAR 07 8 (0 2215 A0 RS U S g Y, 3 2 38 1k 9 R DT 1R 1 2215 784,
BAESYTEMEARFED, THESYFRETHREY, XFARFRLENEE . ZFEE B g
T BT £ ) o R B e AT B 2 A 0] AR 0 T R T R KT, DR L B AR A F Tt

AW 5T PERMANOVA H k2] “ A4 X S M /R &3 (F =3.883, R* =0.185, p=
0.0005), HE7NI [A) 3 5 250BE 7R 25 A R FE Rl REAAAE 25 57 o ANFLRAE AURI/KOC At B vl 3R15 1 UL IR
JEREE RS, X UER R AT BT BUE FRAL S S WITE A A AR . SR, RATIEARRIL “ A H X
Wi B EAER (p=0.510), YiBAA RIS HE 0BT IA) 3 i e RERE RE AR — 3 X PR S
HY HUFA &1 OR B AL 7R e sh ) b i S am v . JCIe B R S, 7R T 0 IR 5 R R A &4 HUFA fit
PEARARIE, g iy B L S R ) e AR AL

BB B FR AL I [ B 2 MR S A A BEAE R . — 51, WRTSCANE, EMRIRAM T iF
WP ol N R A B R & ML NS PUFA MR MRS . N —J51H, FRER/KIR T M2 BRIZ 30
VI BRARHE R, A I 7 B2 11 A 470 25 2 2 B ANk Py 452 B Ik i) 054590, R b s o B 3 W BT B 446 1) HUFA
A LATEAR N 4E SRR KB ). 254 5RE, FRATHE 10 A W42 EPA A1 DHA w1, W REIEZ iR pif AL
PiEMMEER: BEEET 9 ARG ER RIS, BT KERIES K1 HUFA EFEM R
B8 . IE B DN AE BT R S R0 B & B P FIAE L, FEGR i oA LRI SRAED) POM. 5 sl 4 IR 1D 8
TR R R EAER R R,

B SN FC AT SRV B R TR 04 2 e A — Bt AN TR EDAIE T IX SR L A R Ak . R KBS E



92 3 015 SIS D AL 2 POM. IS R B 2 415657, (ELSBF AT R AW £ A e 35 A R
. WO BFAMITALNEEE] POM BRIUTHG L5 RN IS W RRAL IR ML), T Persson T Vredelsd,
Smyntek S5 5F ¢ 10 BB 06 FRO K0 R, R4 SRS —BICHE SR T B 8146 £ 10 % 2 H . Galloway
R Budge #5111, BT 50 2 25 et W0 9 S (8 e 2 R T R 5 F 60, R R 2 b 5 0
FEEE X R BEAE T 2 TR R IO R M R AL, MR L AEBERE. ZLSUR B0 ]
LA 5L P SR 85 R0 A O B R AT ST 45 SRR, BRBE PR T A B2 IR )
FO ST T e AR [R5 M B B 0 [ 45 % 5 ——PERMANOVA. 4M 7 57 3 A BARRE T 40.9%
BoAs S, TTIRBON L 3.5%, 8 HRE % . BORmRRA, 7ERRREE AT I S R i,
G T 5 20 SR SR R ) PR 4 7E Y

HEARU, RO ML TR ¥, TR B R 7 . 9 AAI10 1, HELUR BT
SRR RR AR A EN A, AR E B IR T B A R B, K, 7 HREEARL (n=3)
BF 9 AR 10 A (n=5), JBR B TE AR BORIO R T, 00 MM G4 8 A A A fr i
RGIAE. FE, BRTRREOE DR T 4 B ST, & S50 12 P & 2SO T G s, 4SOt i
WA A o S P T A L e MO T B2 5, R B ELBEAME N 4 L 4t O A8 . AR,
IR IR 2025 498 TRELE BHE BRI R GEMEBUR A0 HE, SO T RE 2 AE DR S A
PR . RREICIT A DL T 7 TN LB TP 440 H J3 B SRR DL S 4R W A (e s SR
S BT AR BRI BEH R HE LSBT AE AR 5] NSRS (isometric log-ratio, ilr) ¥4t
S RMAR 71, LA 30 1 A 20 R T B

4 i

AT 55 LA 2 e VE DU R W B I S0 G, ar AT T IR D R o 4E R e B BRI B 1 D Bz
SR R B S BYRIFEMA SR THRR, FELERWT:

1 A R R e sh 4 e D BR 4L R V) & B2 KT, PERMANOVA 8T 5 oR H 45 S fRRE T AR
5K 40.93% (F=25.827, P<0.0001), Mi##P (R* =0.035, P=0.195) R (R? =0.059, P=
0.082) MEMMIHARZE . "Ah XY ZTHEAAEE (P=0.510), RIAFRFEHsIWES A HAE
AT i iy w2 A A — 3k

2D 7K il A WX B Ui BN 0 I 17 TR A R S ) SR B A B R, LA R o 3 (R* =0.141,P=0.001).
BEKIR N BE, W N PUFA (EPA. ARA) HIXT &8 E3E FFF, SFA (18:0. 16:0) X & & T %,
XA R A N AR A R 3G AR

3) POM JIg i B X i e sh ) Mg i R AL i LA B syl (48R R* =0.284, P=0.001), {HYH &g
Wi IR T A I e T R P i R & 4. 9 H POM H PUFA (5 HLEIX 60.22%, 1M 10 HEEE 34.68%;
FIEEIYIE N EPA Al ARA 7 10 HIHXT & B (7.86%F1 9.51%) Rifita T 9 H (3.05%F1 3.41%),
TN S AT B[R] 5 U

4) BRGS0 POM B RAL R . FEMEE COUHE/NAEE) FBEE R POM F LR
MR BRI B BRI, HAY RS POM # EPA. DHA. ARA %K% LC-PUFA &2 R#E IEHXK,
TR R I B T S POM IRWIER R &, IMIHE 52 Wi i 3 W vl SR 15 00 06 75 IR D7 R i 45

5)9—10 H YA BT I BLAZ E I IF I sh AN 2 00 75 B 7 IR O AR SGBE 3 HA » bS5 iR BT IRRAE A 0
REREF IR IR X — I BRI B 0 — S — R S M Dy e AR5, i
TESHIRAL T AR PUFA SRIR, /KIR T Bl I N FRAS B BEE RN — 2D (R A i s i B M O B
EPA 1 DHA %8 HUFA.

6) TEAFRSAFRRET 5, AT T e A 357707 314 PUFA IERIEIR B RE ), 8 oL i i i
VIE I A AR R AL =3 1 TR R A R -, k1T S ) s SRV 8 FRAL B AR o ANBF A N TAS
AR AT R RIS A S IR R RV TE R PR T A

5 PR
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