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Abstract: Hongfeng Reservoir is located at Guizhou Province, which has the most widely distributed and the most complex
types of karst. The reservoir is one of the sources for drinking water for Guiyang city. Besides, it has many other functions,
such as agricultural irrigation, flood control, and tourism. Management of the eco-environment and water resources of this

reservoir are important for sustainable development of this area. This study identified functional groups of phytoplankton to
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understand the distribution patterns of the Hongfeng Reservoir, which is different from the traditional approach of community
identification. Phytoplankton and water samples were collected in dry period ( November 2012 ), level period ( April
2013), and flood period (July 2013). In total, 25 functional groups of phytoplankton were identified, wherein, the groups
S1, F, J, B, D, S2, Y, and L, were comparatively common functional groups, and the groups W1, A, W2, K, and X3
were less common. Habitat characteristics of the main functional groups that are adapted to the eutrophication of water bodies
included codon S1 habitat template: turbid mixed environments, codon F habitat template: clear, deeply mixed meso-
eutrophic lakes, codon J habitat template; shallow, mixed, highly enriched systems (including many low-gradient rivers) ,
codon B habitat template; mesotrophic small- and medium-sized lakes with species sensitive to the onset of stratification.
The seasonal changes among the three sampling sites were generally the same. During dry period and level period of
phytoplankton functional groups of each site is less, the plentiful functional group of the largest number in the wet period.
The dry period, level period, and wet period have 16, 19, and 22 function groups, respectively. The main representative
functional groups are J/B/P for dry period, S1/J/B/F for average water season, and S1 ( dominant functional group)/D/]J
for wet period. Phytoplankton functional groups changed at depth of 6 m for Jiangjunwan and Houwu, and at depth of 10 m
for Dam. In addition, the analysis of changes in the environmental factors suggested that water nutrient is no longer the
limiting factor for the phytoplankton growth, and that water temperature is the most important factor influencing the spatial
and temporal distribution of the phytoplankton functional groups. The strategy of the phytoplankton growth followed the law :
CR/R/S in dry period — R/CR/CS in level period — R/CR/CRS/C in wet period ( C means Competitors; R means
Ruderals; S means Stress-tolerators ). Phytoplankton functional groups can grow well under ideal conditions of material
supply and energy input. The phytoplankton functional groups increased with the increase in the degree of energy restriction
and were more tolerant than other groups. It could be concluded that Hongfeng Reservoir is in the meso-eutrophic state based

on the correlation of phytoplankton functional groups and aquatic environment.

Key Words: Phytoplankton; Functional groups; Spatial and temporal distribution; C-R-S strategy; Hongfeng Reservoir

PRI R KA T B BRI A 7 o TR AL R R AR TL R 0% 12 AL S oK SR A AR A
IR RS/ 20 Reynolds 251212002 4E42 H | Padisak 25172009 4F#h 78 5¢ 3% T8 i) 1 5L BHE |, 76 PR Ui b
Wy 252 o RS AR TR R0 PRI RE T 43 41 DA TR WA A B AR A RRAE R L ER B IE R AL R
LAl FEPRUAE D A K IG C-R-S SR A2 LAtk b | X LA AH [R)38 7 1 AR f1F 190 V2 Vi A 0 o 28 2R 47 40 2, i T
] PR A VA AR S B MR A D REZ ), (8 T 0 L 2 ) R A 3 AR A V7 Ui M A B R R R ML AR 210

AR5 FH X LA V7 W AE ) ORI R 30 O, 45 6 T RERE 70 2R AE B YRR ST AR PR U AR P 201 T T RE ARl 43
FERFFE A AR RRAE LU T 5 A8 i) 1 b BE AR AR AR 28 106°19'—106°28", JL4f 26°26'—26°35", & /K
MR 57.2 km® 22 6.01 42 m® B KIKERN 45 m, SFHEIK IR 10.52 m, S 50 &5 B fe R i g B0k N Tie
ST IR KR Z — o X5 7K PE R PRI AR 7 AL S Y , — B PR S W RV 43 25 07 1k AR I Ui
L o3 2 SR A BT AR AR B 20 B S L sh A AR AR ) A5 A B T AR R K, S 9 5 43 28K
P EESRARAEXT R  , TTAIR 25 W LR, AN BB 78 43 Ul BH /K IR 0 15 V7 W A A (AR B DG 2R, ) 4% 7 e A A
TH I I JE A R PR BE FIK AR BB X7 U A 0 R Vs A8 A 7 A JE A 1 5 M 8 R R A AT A 4l AN LN B8 7 . T Tl
SRR 15 5 VP A ARV TR Bh AR B AR R, BB AT A IS R TN K A e O S A T RE SR
AT T AR ) D) e 5320 3 FH BN L0 i) 7 D A D v B 25 A8 Ak ) AZTARGE I AR 4 A A SR W 1 i Lt
IR RE R (0 T SR BL , 5T TR I AR T8 43 2HL AR R 25 40 A R s, SR R 77 U P 0 A0 3 ) RE ST A1 11
FEABEHA T, A5 = R PR IAE DI IT Bk SR IR AE PR (LS JL Al

http ; //www.ecologica.cn



17 1 P A SN IR LI AR K PR A D E 3 A B HES 23 3 A i 3

1 #MREFE
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B, KT 3 AR R AE . RGO & E R R A
FLIEY LA 25 A 20 O 7K S5 AT 1B B 3 A R AE A (I Kb
1), 50 59 4 ¥ 455 (JiangJunWan ) ( N26° 29’ 12. 26",
E106°24'50.79") , J5 /- ( Hou Wu) ( N26°30'12.08",

>z

E106°25'18.34") , K31 ( Dam) (N26°32'34.23", E 106° Bt
25'28.56") . A 3CH Dam JJW HW 43l R =K WER
SR 70 5

1.2 FEAERAE AP % Iy ik N

TEIEAE ) 28 PR i FH 25407 U A2 0 T 7K1 S e
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Fig.1 Sampling sites in Hongfeng Reservoir
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2.1 TFIHEYTIRERE 4
2.1.1 LUK R VR AR A A

SAKIER, SASRAE S IR 7 1) 102 R (J&) , %3171 ( Chlorophyta ) 2 8E Z 61 Fl (J&) , 2 /&5 & Fp
B 59.80% ; 1% ¥ 1 ] ( Byanobacteria) 15 # (J&) , 5 BFP2EEL1) 14.71% ; E3:17] ( Bacillariophyta ) 20 Ff (J& ) |, i
SR REY 19.61% ; W] (Pyrrophyta) 2 F(J& ) |, 5 BRI ZEELT 1.96% ; Bl ] ( Cryptophyta) 1 # (J& ) , i &
FPEL) 0.98% 5 42351 ] ( Chrysophyta) 1 # (J& ) , 5 B A ST 0.98% ; #1358 1] ( Euglenophyta) 2 Fi (J& ) & &
FRISELY 1.96% , LIRS VEAAE P = 5 41 A 2 B0 H B 1 29 SR B TR A 90 = B8 R i 7K 3 <P /K < 2K
TR KA R S LA B8 1) e R 00 A = B ey 5 B R /KO DABE S 1T 2 Sl R E e, =AY
5 A SRR S R A3 o 0.95% 108 cells/ 1L, 1.74x10° cells/L 1 69.32x10° cells/L; A 7K I F1F- 7K A 44 g
LA P U AL 0 40 M B AR A 91 R 0.53 % 10° cells/L 1 0.61x 10° cells/L; F 7K 1 5 B B I 5 H B AR 25785y
37.34x10°cells/L(E 2) .
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Phytoplankton at each Sampling Point

F1 FFEYIEENARERMRE C-R-S £KRKAE
Table 1 Phytoplankton functional groups and their growth strategies
boncioa SRR i oo (IR py
aroups Trpical representatives strategies aroups Trpical representatives strategies
A A Rhizosolenia sp. R Y a3 Cryptophyta CRS
B JNER T Cyclotella sp. CR T JrER Quadrigula sp. R
C AET T3 Asterionella formosa R G ZFERBE Eudorina elegans CS
D AT BE Synedra sp. X2 AP Chlamydomonas sp. C
J W8 Scenedesmus sp. , 32 Pediastrum sp. CR P AR Staurastrum sp. R
BB Coelastrum sp. WakT i Fragilaria. sp.
F URBESE Oocystis sp. , L Kirchnecriella CS Sy 2R3k Raphidiopisi sp. R
MP FHE#E Navicula sp. , 53 Achnanthes sp. CR W1 R Euglenophyta sp. R/CS
X1 /NERBE Chlorella vulgaris C w2 PERRBE Trachelomononas sp. R/CS
Lo 3 Pyrrophyta , L ER#E Chroococcus sp. S K [RER#E Aphanocapsa sp. CS
Ly WL 4EEE Dactyloceopsis S S2 TR EE Cylindrospermopsis sp. R
M TREBE Microcystis sp. S E HEBEWE Dinobryon sp. CS
S1 IR 3 Pseudanabaena sp. R X3 Ve Gyrosigma sp.
2.2 VRUFHEYI DI REREN A8 oA R
2.2.1 IR DI RERESE T A A AR
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Fig.4 Each sample point relative abundance of phytoplankton functional groups

2.2.2 VR DIREREZS (] 53 A0 RRAE

BIFFEITIR] , 20 H) 5 507 ) Sy B R A (1025 IR A A R AIF (22 2) TR T E A 1, B,S1 X =I5
BN BT A O T RERE WK S1/]—1/B—J/B—B/J—B/MP,0.5 m LA S1 A F,6 m DL FLIZHAERE ]
6 m LUNLITIRERE B A, FKBI0.5 m LB 2,6 m DL ELIDIRERE S1 3,6 m LUF LAIGERE I 2K
& FAKI A AR ST IIRERE XT3, T, L, , MP, ST 35X PRI RERE RS T R J5 4 Be e O T RE R . A+
KIIM 0.5 m LAF J 3,6 m LITHARERE L, FE,6 m LUF LATHRERE MP hF, FKH 0.5 m LA B AHFE,3 m U
FRADIRERE S1 32,3 m DAT DABIRERE J o8 3 KA I SRR A2 S1 D RERE e xH L F, 1,X1,F,S1 XY
Fh I RERE S WA K I B DI RERE MK D145 2L T o 35Kk 0.5 m LA X1 A 3,10 m DL B LATIRER:
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J oM, 10 m DU LADIRERE F o 32 F K HHEEA B IR 2 S1 DUREHRE S 4 XL AN /K PR T AT A 1SR ms
ARSI AL N A K CR/R/S SR Al —F- 7K ] R/CR/CS SR #EFh—FE /KW R /CR/ CRS/C K
W S
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Table 2 Functional groups at each sampling space distribution

A 8]/ R B Time/ Deep 0.5m 3m 6 m 9m 12 m
B ZEIE A K JIW- Dry Period S1/J/T/B J/B/S1/L, J/Ly/B/MP B/J/F/P B/MP/J/P
W22V F7K W JIW- Level period B/L,/D/G S1/J/B/MP S1/B/J/P J/S1/B/MP J/P/B/MP
7 =E KW JJW -Wet period S1/J/B/D S1/1/B/D S1/J/B/D S1/B/J/S2 S1/1/B/D
At 8]/ R Time/ Deep 0.5m 3m 6m 9m 12 m
JA A KA HW -Dry Period 1/B/P/S1 J/B/S1/P Ly/J/G/B MP/]/D/P MP/])/B/P
JE T /K HW- Level period S1/B/J/F SI/MP/J/F 1/S1/P/B 1/S1/B/P J/S1/B/P
Je Pk HW- Wet period S1/T/92/G S1/X1/82/T S1/1/82/X1 S1/82/T/G S1/82/1/X1
Bt 18]/ R % Time/ Deep 0.5m 5m 10 m 15m 20 m
KA K Dam- Dry Period J/B/P J/B/P J/B/P J/B/P 1/B/P
KK Dam- Level period X1/1/E/P J/F/B/X1 1/B/X1/F F/J/B/X1 F/)/B/X1
FHZE K Dam-Wet period S1/D/Ly/J S1/D/B/Ly S1/D/B/S2 S1/82/D/B S1/D/S2/])

2.3 FREEIR NI IEAE ) D) RERE A5 MR
2.3.1 R ERS T

S X LUK P =K 30 = SRR A1 4 S8 (TP, B (TN, B (NH,=N ), Rk (NO,-N) , T
SR ER (NO,-N) | IEBERER (PO,-P) KT (WT) , 42 (Chla) , % 4(DO) , 10 N IREE B F 5 R A ST
PCA 53#7, G5 RRW . LUK 2 v IO Al RRAEAEL 530 o 0.454,0.308,0.211,0.013 %1 1,2,3 S FZHF
o S 1 AR SCERR A B N TR E A (NH,-N) | S (TN) Sl 2 AR iy 325 TR R Ak
T (WT) , BB (TP) 5 5%l 3 AHOC SR 1) 2 AR 4R 3 a(Chla) B RE(DO) ; H P Z A (NH,-N) ,
SATN)  ZKIR (WT) R s i B s (K5)

2.3.2  FEIREE R X IRUAAE Y ) BERE AR IR

BFSE 010145 SR RE S BEFRBE I T M (TP ), 880 (TN ), 200 (NHL -N) B3 fk S HL AR 38 T RE TR 3 15 49 A
TEOLANE 6—8 Frn ., — A RAESAEF/KII TP & & LR, 8 0.016—0.038 mg/L, “F-rK ] = A~ RAE i TP
i BB A K B A E AE S AU A SRAE S AP K IIRZE 12 m TP B & AR, RITP 5 4+
FEF K 20 m o BUEARAE A 7K I R 2 2R & B WK, TURERE S1,J,B, MP 437 TR B 1) /K 2
(K6),

TN &5 TP EIH AU A s EABHE TN F 8 7E 0.943—1.82 mg/L Z 0], =4 RAE 37+
JKH 10 m &b TN 95 & B (E, B A5 R OR(E O 1.695 mg/L, J5 F i RAEA 1.735 mg/L, T RIRAE 7R
KA 5 m 5 20 m WAL H IR SRR, 35018 1.820 mg/L F1 1.800 mg/L, HiA I ] & 7E 1.600 mg/L A4
(E7),

NH,-N 7E=F/K & i i, IF i1 R )2 22 & BB |, S J2 & e B 4208 V7 I e 4 D BE R MP A
KUFHAE Y DIRERE D, P S8R E F R T RE A K S NH,-N Fr A %, @l Ay % 5 NH,-N
T EIEAT Pearson AHICHE M AT £5 IR UFHEY) FJE 5 NH,-N B E 5 (R*=0.625,P<0.01) (K 8) , TIRER
SER IS o0 A 5 R A A AEE I AR SCE A0S NH-N & i R B A G X — 4 T RE 5 = A it 0]
IKIE FRRS A K,

BIFFESBIIE , AR ARG , 76 17.1—26.6 “C 22 J6], -4 23.8 °CJF 450 0.5 m Kk B 7K S0k i
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Fig.5 PCA triplot of environmental variables, samples in Hongfeng Reservoir
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Fig.6 Total phosphorus content in spatial and temporal distribution and the main functional groups
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Fig.7 Total nitrogen content and the spatial and temporal distribution of the main functional groups
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Fig.8 Ammonia nitrogen content and the spatial and temporal distribution of the main functional groups
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Fig.9 The water temperature and the spatial and temporal distribution of the main functional groups
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Fig.10 Dissolved oxygen content and the spatial and temporal distribution of the main functional groups
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