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Correlation between macroinvertebrates and plankton in two deep eutrophic reservoirs *
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Abstract; In reservoir ecosystems, both macroinvertebrates and plankton play an important role in the matter cycling by interac-
tions in food webs. Nanwan Reservoir and Tangpu Reservoir are deep reservoirs with eutrophication and long-term thermal stratifica-
tion. In this study, these two reservoirs for drinking water supply were investigated to compare their trophic status, macroinverte-
brate community structure, stranding crops and biodiversity. The macroinvertebrate communities were quantitatively assessed by In-
tegral index of communities state (IICS) index, and the relationship between the density of plankton and IICS was explored by a
PLS model, Spearman rank correlation and regression charts. The results showed that the trophic state index of Nanwan Reservoir
was higher than that of Tangpu Reservoir, oligochaetes dominated in Nanwan Reservoir while chironomids did in Tangpu Reservoir.
The collectors dominated in Nanwan Reservoir, where their proportion was much higher than Tangpu Reservoir. In deep reservoirs
with thermal stratification, eutrophication aggravated the anoxic or anaerobic status at the reservoir bottom, resulting in the periodic
anoxic disturbance to macroinvertebrates and reduced standing crops and biodiversity. The relationship between plankton and mac-
roinvertebrate community shifting from positive correlation to negative one was related to the aggravation of reservoir eutrophication.
The deterioration of the benthic habitat environment caused by the intensification of eutrophication and the food shortage caused by
plankton’s avoidance of unfavorable environment were the fundamental reasons for the sustained decline of macroinvertebrate popu-
lation. Therefore, the reservoir eutrophication can be detected by exploring the relationship between macroinvertebrate and plankton
community, for the aim of providing more valuable reference information to reservoir management.
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Fig.1 Distribution of sampling sites in Nanwan Reservoir and Tangpu Reservoir
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Fig.2 The density composition of phytoplankton groups in two reservoirs at different sampling periods
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Tab.2 The physicochemical characteristics of waterbody from two reservoirs at different investigation periods

TN/ TP/ Chl.a/ Sh/ DO/

A e (mgL) gy VP () ow (g MM

R VS IK 2015 4F 11 A 0.99 0.026 40.78 11.92 1.11 6.61 8.05
2016 4£ 3 A 1.10 0.038 29.64 4.72 3.50 10.41 8.22

2016 4E7 A 1.11 0.021 50.94 13.11 1.60 7.02 8.59

2016 4£ 9 A 0.90 0.030 32.00 26.32 0.96 10.36 8.64

Tk E 2011451 A 2.34 0.016 193.37 1.39 3.5 8.90 6.75
20114E2 A 227 0.012 198.87 3.26 2.23 11.27 6.91

2011453 H 2.41 0.016 197.17 2.55 2.41 11.47 6.92

2011 4E4 A 2.21 0.021 121.55 4.07 2.39 10.38 7.07

201145 A 1.83 0.029 94.42 14.23 1.33 11.37 8.38

20114E 6 A 2.81 0.092 117.83 4.18 1.33 8.06 7.15

20114E7 A 217 0.027 87.77 15.49 1.33 8.35 8.05

2011 4E8 A 2.07 0.022 114.00 11.29 1.36 8.29 8.19

20114E9 A 1.67 0.014 147.36 3.12 2.53 7.18 6.99

2011 4F 10 A 1.82 0.025 81.85 6.08 2.79 7.75 6.95

2011 4% 11 A 1.95 0.026 86.81 4.75 2.70 7.25 6.83

2011 4F 12 A 1.93 0.022 94.48 3.92 2.06 8.74 6.80

Spearman BRAHSC/ AT 45 R AW LRI K T, LICS J3(E-5 U S W08 E (p = 0.504) FF WA 1) % L
(p=0.506) L B35 IEAH G FR (P<0.01) , TIFE A 7K A v D)5 i A sl 0 s B 22 38 A G G 3R (p = -0.597,
P<0.01). [B1U=1 1] 34 2 B G 95 /K v D AR S I 0 TR 7 sh 0 R e R B 86 B2 5 TTCS SM (L B A BB Y
LRMEAR  MTEVHK PR b, SR S S U B2 15 TGS SHE BAT R R RIS R (18 6 FIIA 7).
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2R S R A AR M ) 7 T R R SO R A ML) SR 3R R 2 A KR 328 T SR AR B R R v
JEABFRAT AR B A 50 AU A S B, T T K R R R P A, P B UK A T K I ~ IV
2 (8], BT I e K I ZSRRE. 5 1AL RN VR 2 T A P XA 8 R A R e 2 3 A
BT R KA SR 7 A T T 3 U K K B RIS 1.03 mg/L, $23T 2007 4E 4 1.05
mg/L; MEEI{E 0.029 me/L, 23T 2008 4F (1) 0.021 mg/L™ . J5 s %k i 7%, BV /K 2 Chl.a & B 1997 4F K
111 pg/L,2005 4EH 26 pg/L>  ARRIAA K 14.21 we/L, BAR%EE 2005 454 FF R W, B35 & T 1997 4R
IR K RE L T A A E A TR VRS ks R i A 7 SR O A X, 3 K R R B v R e, R
X i i BAE AR A T W TR, PRt R R 7E 2002— 2005 AR IX iR R I 3 Rk oK AR, o 2003
AE S F ) SEK AR N T, i ] K ik 40 K, AR K T B /K A 55 , AR 48/ T°2.0 mg/LPY 52011
A 4 W) P IX B R RESEK AR ARG R, K S R A 2,11 mg/L, #R M F K VR
115 S B M 34 0.027 mg/L, BB /K 128 PR, b TF o J8 5 8 JR 40K 72 A EL AT 75, 13 /K B
i B A TRV KR, R KT T JRE K P R B, SR P JRE K P A i 7.2, i Ak Y (B
T K P BTG 5 T T K, 2 B 7K 2 i SR A B P . RIS Sh T, K R K B A 2t



1066 J. Lake Sci. (#ia#%) ,2020,32(4)

3 WIS X BRI Sl 1 4 %

Tab.3 List of macroinvertebrates in the study areas

Yy XTRAT DIRESR IR BVEKE TR
KA R H Aquatic insects
%l Chironomidae BERPEM Nanocladius sp. =X R W E +
W BEFEIL Stictochironomus sp. IS OK & W sEH +
B Propsilocerus sp. X e +
S E R Einfeldia sp. - E W tE +
KEBEIL Tanypus sp. - X HEE + +
HRFEWL Orthocladius sp. X R WEH +
AR FEML Procladius sp. Xt R Eiiigeey + +
FEFEIL Cryptochironomus sp. X R WaEH +
KL Cladopelma sp. X R e +
B FE AL Glyptotendipes sp. X R W +
£ JE PRI Polypedilum sp. X R Wi +
KR Tanytarsus sp. =X R E wEH +
KK HFEIL Rheotanytarsus sp. X T H +
MR Lipiniella sp. Xt R W +
NI Microchironomus sp. X R WdEH +
W4 JE BRI Harnischia sp. =X R e = +
PRI Chironomus sp.1 X R WEH +
FEUL Chironomus sp.2 Xt R W +
PRI Chironomidae pupae + +
KEEFR} Macromiidae KI5 Macromiidae sp. =X WEH +
#4187 F} Chaoboridae [#41 Chaoboridae sp. r- Xt WEHE +
1%} Ceratopogonidae 15 Ceratopogonidae sp. Xt R Eiiipeey +
BR{K T Mollusc
M4 A} Mytidea RIKFEZE Limnoperna fortunei K-X§ 564 TEEH
H2 R} Vivipariidae FUL BRI Bellamya purificata K-%f 56 #% FEH
IKHE FEZ Aquatic oligochaetes
B3| #} Tubificidae Z B K Aulodrilus pluriseta -4 R Wt E +
H A& K 18] Aulodrilus japonicus IO & W sEH
B K & Aulodrilus sp. XK WEE +
JEL S il 22 5| Teneridrilus mastix X R WAEH +
BRI K 2245| Limnodrilus hoffmeisteri - XF R HE W + +
i K 2215 Limnodrilus amblysetus X R WEH +
E BsK22W5| Limnodrilus grandisetosus X R W te + +
FERLIA/K 2215| Limnodrilus claparedeianus — v-X} 5K e = +
I RIS Branchiura sowerbyi r- X R Wt +
H At EE Others £ i Nematoda X WEHE +

AR I 30 Bl Bk ML B 8 SR A 78 b G T 7K 22 51 R0 D R4 WA 35K A JAE K e B R L. IS
W], AR S50 (KSR B0 2 OB 0 B R KR R A 4 R 2 434 T 3R E AL D7
FK PE KA b B (38R0 MM I R Y K P M R, S — 2D UE S OK R B 4 W R Ak
AR , BT K P W o s A 0 L 3t , B8 o % O W /R A T 70 /K P e ol o iR I 38, o ) % ik
BOKAE. W ERE a KPS , F /K PRI 85 T K e, R WL 78 I A B8 Tl /K . b s
FERENTS , P LK R SE B AE R b AR 3 AL, 1070 T 7 DU K A B e AR P8 SR T B B 5 0 5 ik
SEETDIREREIN 7 , BV /K R LIR30 3, OBk o P S0 w8 T K %, I LT 3R], SE B AR &
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Fig.4 The abundance percentages of different groups and functional feeding groups
of macroinvertebrates in the two reservoirs
e 4 PIEK 2 SR Sl W) BRAF- 2 | Rl b ORI 22 R MR B L
Tab.4 Comparison of standing crops, taxa per site and Shannon-Wiener index of
macroinvertebrates in two reservoirs
kI #0/ (ind./m?) Y (/) I Shannon-Wiener f# %
7 K 5 171.43+261.81 0.50+0.91 2.9+1.7 0.66+0.47
(0~1376) (0~5.33) (0~7) (0~1.40)
Rip9ES 83.88+127.82 1.18+5.30 2.2+2.2 0.88+0.53
(0~600) (0~29.48) (0~7) (0~1.89)
Mann-Whitney U 361.5 195.0 421.0 282.0
Z -2.305 -4.516 -1.555 -1.195
P 0.021 <0.001 0.232 0.120

IS TE B TR K PP A
3.2 KBS EREEFHL I R IR

A B T A (TR K T R K P A e SR AR e 1 2 L IR A R B, ) R e 8K R i1
F T 7K 2 R A A 980 R AR KL A3 24 e T A 40 3 252 i s LA B 7k 5 B B (1] 462 5 T
IR TRARWITA AT, B 22 0BT 85 97 A 0 V4 A 4 e B 1 3 1) 40 A A AR KB . A P g e
Vi 7K PR 7K PR L2 Y A SR A b T RIR 25, 5 T35 1428 mg/L, 76 R AEE K I 2 B B0 T, W 4
SMAIS] JUTARSZ K RS , (ETEACA Hh BRI 2 B 6, A R 95 5 7 43 S o I 9y I 11 4 A
SR BRSNS RE K T AR G, 5 B R S B (D IR B A PR AR LR e L v K
TEAERMEOL, th T B BGT AR K FE T BB R T A KR T 2 9 & LR R 20 S RE S8R L, /KR
SRTEIRGBIAG T bR /K2 A e 4 5 8, 328 T 368 K 1 7 B 28 I B e S0 ZS 0 F SR 3, oy TS A2
T2, Xk SRR B4 AT S i 2 o DRI 4 T D 20 0 2 T 6 PR S AN AL e AR AN A R 2 By T2 1 e Z2 4 .5
AEJE A KR T ELA R M R IR o B B S VS A 0 % 5 R oy T i SR R SR A e A
TE ] BT (LR AT A, RV K B AR G I 2 VORI W] K IR 8 i T 2, PR AR T 2 K B 2 1 i A
Frp R RAARST L K R (R A R S BRI R A B 1 AR RLE S AR T M, B RIRR R AR
A5 AE— 2 BB RS — ST 22 1002 52 I PR W B 1 T B 5 0 A R R I M R A B R B
TESRPERFAL R , SRR TR iR UK PR 2 2 me/L B, VRS2 ik (VR K 2 T 6 R TR i i A
TEHKWIR 2, MK VR SR A K PR3 T2, VWS thr TV e L Bk 1) L 2 7, R ek
AL TR R SRR R [ AT A SEUK R A A R A B 2 sy R R S
S A AR K B A B PR 2 LR o, VKN 0 B TR AL A I TSR AT S B g
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Tab.5 The standing crops, taxa per site and Shannon-Wiener index of two reservoirs in different periods

IK R it [ia] #2RE/ (ind./m?) YR/ (g¢/m?) BAGEYI R Shannon-Wiener 3541

7 T 7K 2016 4£ 3 f 400.89+434.48 1.49+1.46 4.8+1.7 0.89+0.30
(72~1376) (0.52~5.33) (2~17) (0.43~1.33)

2016 4E 7 A 74.67+71.44 0.22+0.09 2.3x1.2 0.62+0.54

(8~232) (0.02~0.32) (1~4) (0~1.27)

2016 4E 9 A 83.33+106.32 0.09+0.09 1.7+0.9 0.33+0.45

(8~330.67) (0~0.26) (1~3) (0~1.06)

20154F 11 H 112.80+119.58 0.17+0.14 3.0+1.1 0.79+0.43
(8~312) (0.01~0.42) (2~5) (0.12~1.40)

K 2010 4E 7 A 79.33+120.17 0.10+0.17 1.8+1.7 0.50+0.48
(0~312) (0~0.42) (0~4) (0~0.74)

2010 4F 10 H 109.33+120.76 0.07+0.08 3.5+3.0 1.14+0.96

(0~304) (0~0.18) (0~7) (0~1.89)

2011 4 4 A 64+66.36 5.01+11.99 2.2+1.5 0.71£0.55

(0~160) (0~29.48) (0~4) (0~1.17)

2011 4E 5 A 128+235.97 0.06+0.12 2.2+2.8 1.12+1.08

(0~600) (0~0.29) (0~7) (0~1.65)

2011 4E7 A 36+50.53 0.69+1.65 1.5+1.8 0.96+0.88

(0~112) (0~4.06) (0~4) (0~1.24)

(A) BETE /K (B) 7K I

40 20
30 15F

g 20 | - ?

10 é Sk

1 1 1 1 0 1 1
5 HFE  BKE AF 20104F: 20104F 20114F 20114 201 14F:
20164F  20164F 20164 20154F 7TH 100 44 sH A
3H A 9H 11H
S5 BTSRRI K 2 8 LCS 7 fEA R K
(KPR HCS SREY R sr it 5, RIS K ZEAS ) b 3 68 i A B e — B 2547 1ICS )
Fig.5 The boxplots of /ICS from Nanwan Reservoir and Tangpu Reservoir
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FT RS/ PRI S A E AR X IR 8 ) £ 5 Tab.6 The explained proportions of variance from
RONE I EL B PIASIK A AT B (4 K 7 s 7 the latent factor 1 in the PLS models and the
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Fig.6 The regression charts of plankton density and //CS in Nanwan Reservoir
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Fig.7 The regression charts of plankton density and IICS in Tangpu Reservoir
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