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Fig. 2 Spatial distribution of surface and bottom seawater temperature (SST, BST) and salinity (SSS, BSS) in the Yellow Sea
during the winter and the spring of 2015
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in the spring, respectively.
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1 %. EEFEANEEHREYEBRHEBENESE PUFA EPA DHA 20:1+22:1
ESFNAED 500 1000 .
Tab.1 ANOVA of fatty acids percentages of pm pm >
size-fractionated plankton in winter and spring >18 16:0 18:0 <500 pm
fatty acid winter spring ( 4)
SFA 0.000™ 0.439 , 500 um 1000 um
MUFA 0.748 0.102 DHA/EPA 2
PUFA 00007 0285 1.5( 5A); 16:1/16:0
®3 PUFA 0.000 0.020
6 PUFA 0.073 0.009" 100 pm 200 pm
T18 0.054 0.000” 0.09 0.10, ( 5B);
16:107 0.333 0.253 >16/518 300 um 2000 pm ,
EPA 0.000™ 0.004™ 2( 50) ,
DHA 0.000 0.014° DHA/EPA  16:1/16:0 (P>0.05),
20:1+22:1 0.028" 0.000™
<300 16/>18 1,>500
16:0 0.000™ 0.000™ i L1672 Hm
18:0 0.000™ 0.000" 216/218 L
DHA/EPA 0.000" 0.591 Le( 5C)
16:1/16:0 0.000™ 0.373 , 16:1/16:0
Y16/Y18 0.004™ 0.001" , 216/318 « 93,
(P). * (P<0.05), ** (P>0.05
(P<0.01). Y9,

Note: Figures in the table are the values of probability(P). * de-
notes significant differences(P<0.05), ** denotes extremely sig-

2); DHA/EPA

nificant differences (P<0.01).

(P>0.05, 2)

Fx2 ZFRLEREVEFREANSENE. ESZEHNERSN
Tab.2 Studengt’st-test analysis of fatty acid percentagesin size-fractioned plankton between the winter and the spring

size fraction of plankton

fatty acid

2000 pm 1000 pm 500 pm 300 um 200 pm 100 pm
SFA 0.005™ 0.000™ 0.015" 0.000™ 0.000" 0.000™
MUFA 0.001" 0.000" 0.000™ 0.122 0.010 0.000™
PUFA 0.316 0.277 0.109 0.018" 0.000" 0.000™
3 PUFA 0.363 0.630 0.302 0.049" 0.001" 0.000™
©6 PUFA 0.811 0.047" 0.002™ 0.319 0.032 0.004™
Y18 0.361 0.875 0.721 0.284 0.024" 0.384
16:107 0.011" 0.000" 0.005™ 0.759 0.486 0.027
EPA 0.889 0.322 0.854 0.392 0.115 0.052
DHA 0.267 0.527 0.394 0.030" 0.001" 0.001"
20:1+22:1 0.001" 0.000" 0.007" 0.379 0.177 0.026™
16:0 0.000" 0.000" 0.000™ 0.000" 0.000" 0.000™
18:0 0.001" 0.000" 0.000™ 0.000" 0.063 0.000™
DHA/EPA 0.862 0.020 0.571 0.327 0.155 0.272
16:1/16:0 0.357 0.000" 0.000™ 0.084 0.128 0.072
S16/318 0.597 0.025" 0.001" 0.035% 0.000™ 0.000"™

t P).” (P<0.05), (P<0.01).

Note: Figures in the table are significance of difference (P). * denotes significant differences (P<0.05), " denotes extremely significant dif-

ferences (P<0.01).



1211

[ )47 winter
ra I % spring
2
g4
< <
g g 2
anl
0
100 200 300 400 500 1000 2000
P& /um fraction size
3r B [ ]|%&% winter
m.g I == spring
|E
(=Nt
S e
g%
100 200 300 400 500 1000 2000
Bk /um fraction size
[ ] &% winter
e B 5 spring
9o 3r
co o0
— — 2H
£e
W L+
0
100 200 300 400 500 1000 2000
B2k /um fraction size
5 2015

Fig. 5 Ratio of special fatty acids of size-fractionated plank-
ton in the winter and the spring of the year 2015 in the Yellow Sea

22 ERSSH
( 6A)
(PC1) (PC2)
64.19%  22.99%
500 pm 1000 pm 20:1+22:1
EPA DHA ®3PUFA PUFA
;16:0 18:0  SFA 06 PUFA 100 um 200 pm
300 pm 400 pm ;
2000 pm 15:1+17:1 MUFA
( 6A)
( 6B) , PCl
PC2
63.70% 21.60% ,500 um 1000 pm

PUFA ®3 PUFA DHA 16:1w7

20:1+22:1 EPA
15:0+17:0 18:0

. MUFA

16:0 SFA 100 um 200 pm

23 EEEMEESHTHXER

DCA 3 3)
RDA (7N 4
21.7% )
19.1%
88.0% - (Monte
Carlo) . SST BST

(P<0.05), SSS  BSS

(P>0.05)
7 , 100 pm 200 pm 500 pm
MUFA  PUFA
3 itig
SFA ; ,
MUFA  PUFA 16:107 EPA DHA 20:1+22:1
®3 PUFA EPA DHA 20:1+22:1
500 um 1000 pm ,
>18 16:0 18:0 <500 um
100 pm 200 pm 500 pm
MUFA  PUFA
, 100 pm 200 pm
16:1/16:0 >18
, >16/318
2 Y18 (231,
18:4m3 16:107
(o1, >16/318>2, 16:1/16:0

[24]

b 2



23

1212
A 1 5 T T T T B 1.5 T T T ‘Iﬁ
| 400pum A | Lol A100pum 1000um |
109300uma 916:1007 0 : MUFAe 16107
o R, - . .
KT 051 o180 |20:1+22:101000pm  KE OS¢ 0
ﬁ S 00 oSFA EPA%Qw3 ‘ﬁ S ol eys0+17:0
K 16:0 DHA PUFA KIS 18:0 PUFA® 03
®E 054 100pms g6 A K -05F 200ume16:0 N DHA°50(ﬁlm-
o oMUE oSFA 300um
104 200umn 15:1417:1 ] -10}  2000pma ]
A2000pm
-15 -15 P— —
215 -1.0 05 00 05 10 L5

15 1.0 05 00 05 10 15
F—FM5
PC1(64.19%)

H—EBRS
PC1(63.70%)

6 2015 (A) (B)
Fig. 6 PCA plots of fatty acids of size fractionated plankton in the winter (A) and the spring (B) of the year of 2015 in the Yellow Sea

%* 3 BERAERFNINIZZ 2 HY DCA 71 RDA R
Tab. 3 DCA and RDA results based on the fatty acids relative compositions of plankton and environmental variables

variable
axe
1 2 3 4
DCA DCA result
eigenvalues 0.125 0.098 0.058 0.018
lengths of gradient 1.892 2.689 1.493 1.482
cumulative percentage variance of fatty acid data 23.0 41.0 51.7 55.1
RDA RDA result
eigenvalue 0.153 0.039 0.022 0.005
- fatty acids-environment correlation 0.887 0.526 0.433 0.275
fatty acids data 15.3 19.1 21.3 21.7
cumulative percentage variance - fatty acids-environment relation 70.2 88.0 97.9 100
, 2000 pm
MUFA PUFA R 15:1+17:1
, PUFA , 20:1+22:1
(23] 6 20:1
>500 um 3 PUFA 22:1 (211
260 Bergvik " MUFA 15:1+17:1 ,
176 [20]> s
o3PUFA 2000 pum ,
, 3—5 >500 pm
R o3 PUFA o3 PUFA(DHA EPA ) o6
PUFA( 20:406)
[27728] 20:1+22:1 (22, 29] DHA EPA (30734]

EPA DHA 3PUFA PUFA 500 pm 1000
[35-38]
pm R 4

500 pm 1000 pm )
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Tab. 4 Fatty acid compositions in larvae and juveniles of some economic fishes in the Yellow Sea

%
species growth stage PUFA ®3 PUFA ®©6 PUFA DHA EPA DHA/EPA reference
fif late larva 17.9 14.7 3.22 8.61 3.27 2.63
Engraulis japonicus larvae fish 443 413 3.08 289 7.5 4.10 [39]
juvenile 49 46.3 273 316 873 3.62
fiig Engraulis japonicus juvenile 17.58 - - 10.21  2.22 4.60 [40]
Pampus chinensis juvenile 26.13  23.67 486 1623 4586 3.34 [41]
1 1 day 1743 15.78 1.65 1127 282 4.00
Nibea albiflora 5 5 day 2099 184 2.59 13.56  3.07 4.42 [42]
10 10 day 28.93  24.06 4.93 1926 3.23 5.96
late larva 27.33 - - 18.78 3.4l 551 [43]
Larimichthys crocea larvae fish 41.74 - - 2536 736 3.45
Note: “~” stands for missing data.
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Fatty acid composition of size-fractionated plankton during winter
and spring in the Yellow Sea
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Abstract: To understand the nutritional quality of planktonic food for marine fish, the fatty acid composition of
plankton collected from the Yellow Sea was investigated and compared between winter and spring. As soon as the
plankton were collected at sea, they were size-fractionated into six groups: 100, 200, 300, 500, 1000, and 2000 um,
and then immediately stored in liquid nitrogen. The fatty acid contents of the plankton were determined using cap-
illary column gas chromatography in the laboratory. Compared with the spring-collected plankton, the win-
ter-collected plankton in all size groups had higher total saturated fatty acid (SFA) contents, but lower contents of
total monounsaturated fatty acids (MUFA), total polyunsaturated fatty acids (PUFA), and the fatty acids 16:1®7,
eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and 20:1+22:1. The different size groups of plankton
collected in both winter and spring were compared. The contents of ®3PUFA, EPA, DHA, and 20:1+22:1 were
higher in large plankton (> 500 um) than in small plankton (< 500 um). However, the contents of the fatty acids
16:0 and 18:0 were higher in small plankton than in large ones. Among the nutritional quality indicators
(DHA/EPA, 16:1/16:0, and Y 16/> 18 ratios), the > 16/) 18 ratio was higher in winter-collected plankton than in
spring-collected plankton, while the DHA/EPA and 16:1/16:0 ratios were higher in spring-collected plankton than
in winter-collected plankton. The DHA/EPA ratios reached to 2 in the 500 um and 1000 pum groups in winter, but
were greater than or close to 2 in all size groups in spring. Multiple analyses showed that the seawater temperature
had the strongest effect on the fatty acid composition of plankton in the Yellow Sea, especially the MUFA and
PUFA contents in plankton of the 100-1000 pum size groups. The results of this study show that winter-collected
plankton of > 500 um could meet the nutritional requirements of marine fish, especially larvae and juveniles.
Spring-collected plankton in size groups from 100 pm to 2000 pm, which have higher DHA/EPA ratio and ®3
PUFA content, are also suitable food sources for marine fish. It may be inferred that the size spectrum of plankton
suitable as food for marine fishes is wider in spring than in winter in the Yellow Sea.
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