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Patterns of carbon and nitrogen stable isotopes and elemental composition of lake
primary producers and zooplankton in Eastern Yunnan
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Abstract: Stable isotope method serves as an important means to uncover the ecosystem structure and functioning, and to reveal the
composition of lake food webs and the processes for biogeochemical cycling. In this study, a spatial survey of ten lakes with different
nutrient levels in Eastern Yunnan was conducted through analyzing the carbon and nitrogen stable isotopes and elemental composi-
tion for aquatic plants ( submerged macrophyte, floating plant) , phytoplankton and zooplankton, respectively. The result shows
that, among the four groups of lake organisms, floating plant has the most negative signal of stable carbon isotope, with a mean val-
ue (£SD) of —28.99%0+0.86%o. While phytoplankton ( —=21.88%0%2.97%0) and zooplankton ( —20.85%0+2.70%0) are character-
ized by similar carbon isotope values, the submerged macrophyte has a large variation with significantly more positive 3" C value
(=12.04%0+4.57%o) . This indicates that the difference in carbon sources absorbed or utilized has caused the deviation in stable
carbon isotope composition among these four organisms. In terms of stable nitrogen isotope, the primary producers, including sub-
merged macrophyte (5.43%0+5.84%0) , floating plant (5.58%0+7.38%0) and phytoplankton (7.26%0+3.83%0) , show significantly
similar 8" N values. While the 8'>N value of primary consumer, zooplankton ( 11.02%0+3.18%o) , is significantly higher with a av-
eraged enrichment factor by 3.46%o, indicating the effect of nitrogen isotope fractionation across trophic levels in our lakes. Further-

more , the carbon isotope signal of lake organisms are also affected by factors such as water temperature and water depth. The varia-
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tion in the nitrogen isotope signal is dominated by lake eutrophication, which leads to a gradual enrichment in the organismal signal
of 8" N. In addition, the carbon and nitrogen content of aquatic organisms from Yunnan lakes are higher than those in lakes from
the middle and lower reaches of the Yangtze River. There existed a threshold C/N ratio of primary producers and primary consumers
in defining the shift between autochtonous and allothonous sources of organic matter in our lakes. This spatial survey provided im-
portant data for understanding the food web composition and biochemical cycling for plateau lakes.

Keywords: Carbon and nitrogen stable isotopes; aquatic organism; trophic level; eutrophication; Yunnan lakes
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Fig.1 Map showing the ten study lakes in Eastern Yunnan
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Tab.1 Summary of site location and key catchment features of ten study lakes in Eastern Yunnan
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W A omiﬂk[ﬂﬁi/ﬁi THHRY Hii?%j::/] ,%{E)]ﬁ %m g%ﬁ
Bl 24°17'~24°23'N,102°45' ~102°48'E 378.00/34.33 10.81/6.01 1725.05 947.00
Ky 23°23'~23°27'N,103°18' ~103°20'E 284.50/12.30 2.70/1.30 1281.68 717.60
FOREW  24°08'~24°13'N,102°43' ~102°49'E 341.0/36.95 6.84/4.20 1799.42 869.20
B A Vi 24°54'N,103°03'E —/1.30 4.00/2.50 1859.33 963.50
KM 23°24'~23°27'N,103°20’ ~103°24'E 167.00/10.70 5.50/3.74 1291.08 834.20
S 23°38'~23°42'N,102°30" ~102°38'E 303.60/29.59 5.70/3.90 1414.17 928.00
=g 23°34'~23°36’N,103°18' ~103°20'E 131.20/3.33 10.00/— 1280.83 800.00
A 24°50'N,103°27'E —/3.00 —/3.50 1908.41 960.00
75 g 23°41'N,103°53'E 34.80/2.40(2013) —/— 1452.68 983.00
K0 24°43'N,103°25'E —/1.50 —/2.40 1895.64 960.00
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Tab.2 Key limnological characteristics of ten study lakes
i RI] K/ C JKIR/m ZEWIEE/m M (pg/L) BA/ (mg/L) 43 o/ (pg/L)
)| 24.33+0.19 8.55+1.88 0.39+0.02 547.88+57.14 2.93+0.83 200.46+111.88
Ko i 30.40+0.14 2.80+0.28 0.25 96.95+3.94 2.93+0.05 155.02+38.70
FosEw  23.27£0.21 4.77+0.38 0.39+0.01 95.85+6.30 3.18+0.09 108.17+8.58
B fn) 23.60+0.13 3.95+0.35 0.43+0.04 84.99+1.02 1.81+£0.01 74.43+3.80
K¥ig 28.20+1.78 3.72+0.57 0.28+0.03 78.45+9.28 2.69+0.17 138.74+8.93
L=y ] 25.75+0.28 3.67+0.42 0.23+0.02 63.36+0.08 3.40+£0.62 95.71+13.13
=S 27.95+0.64 6.90+£0.28 0.41+0.05 47.74+3.79 1.45+0.33 59.62+4.68
Him 23.35+0.49 4.85+1.20 1.05+£0.07 44.61+26.16 0.58+0.01 10.40
P=3aviss 27.95 5.20+£0.28 2.10 24.11+6.86 0.53+0.03 3.35£0.76
K 24.50+0.14 5.55+2.05 2.05+0.21 13.27+0.15 0.59+0.14 3.68+0.22
(P<0.05) , FRUFHIY FITR U7 S 110 57 C 22 R A 3%
T a - (P>0.05) s M2 = TR | LK K4 R B
0] —— 5 PIH 8 N (2% SR i3 (P>0.05) | T W12 3 3% 77
2. 5 Wesh I 8N (I 3 2 YAk 7 A AR L
“ , — (P<0.05). AI1Hh PRUFAA) 5 VRS 57 C (A1 8N
o1 e {2 ] ELAT AR 1 2k 06 R (JEL 3) , Desiz R0 R 43
_5. _ -4 0.80( P>0.05) Fi1 0.74( P<0.001) , £ IF i
— 9 5" C{ELAIS ' N R R WL 425 A AR RS
10 — 2.3 kMR R A A 1S S 0 S AT
515 ¢ DXBRUEE T P2 A 10 ASELAR TIA T i s 4
5.0 =2 < YRR 8" C I 1) 78 1k k8 $ AR — B, R i 30
* E=0 5 | o"cfhussbhmsss Firietisn, Je3Le b 3 (K
251 b i o 22 B ) A Th— R E SR WIE (=i AW thR L
S0l S=— . LB, T B T R 00 ) T Vi 3
JUIKHL SR U I ek 8°C A TR (1 4). SRR E AU,

P2 4 TR A AR AR R 3R A 5 0 A Ak
(FALRIE] BT P AR R B e 7 A &
HhE] 50% AR , Fi 5 R S 6 B
23 Lo/ NI P 2 7S S {5 e 7R TR S0 5
A FREFR IR i 3 2 5+, P<0.05)

Fig.2 Boxplot showing the distribution of nitrogen
and carbon isotopes of four biological groups
(The box included 50% of the observational data.
Lines extending vertically from the boxes
indicating variability outside the upper and
lower quartiles. The band inside the box indicates
the median value. The outliers (circle) are
observational data that are distant from other points.
The letter n denotes number of sampling lakes.
The boxes with different letters show a significant
difference with P-value less than 0.05)
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Fig.3 Scatter plots showing the relationship between phytoplankton and zooplanktonfor carbon (a) and
nitrogen (b) stable isotopes of lakes in Eastern Yunnan, respectively ( Each circle represents the
averaged 8 C and 8" N values of phytoplankton and zooplankton from one lake, respectively.
Dashed line indicates a 1:1 line. The solid line is drawn as the regression line.

The symbol s represent a significant level with a P-value less than 0.001)
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i TUKRE SRR C RN JCER & 1 22 e AN 3 (P>0.05) | PRI S50 3h 4 C RN TR & it
WIC R FE 225 (P>0.05) , MHTKAE Y IR ) 25 R A5 /K AR AR AT C N DT85 1 )45 37 A 00 R 77 1 3
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Tab.3 Summary of percentage mass contents of C and N elements, and C/N ratios for four biological groups

AR A B E /% BAEES T % AT
VLKA (n=8) 40.31+2.53 2.37+0.44 18.39+3.79
EIEREYI (n=3) 40.91+3.63 2.05+1.23 15.67+1.60
WY (n=10) 29.44+7.80 3.96+1.34 7.68+1.65
RN (n=10) 27.90+10.96 4.83+2.73 6.90+2.78

M 3 ATLLE ), UK AR ALY C/N FO(E B, 07 W R FF e sh 4 C/N HE A W e f K. 95C
KA RS AR Y L) S PR ) R I S P C/ N HU(E 34 T8 Wk 35 22 55 (P>0.05) |, T 7K A 4 RS 7 A )
(Y C/N AR i W AL R0 U sl 0 ) U RAT Y 25 22 57 (P<0.05)
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Fig.4 Histograms showing the variation of carbon and nitrogen stable isotopes of three biological groups among lakes

in Eastern Yunnan ( Lakes are arranged according to the decreasing total phosphorus concentrations in lake water)
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