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The concepts, classification and application of freshwater phytoplankton functional groups

HU Ren, LAN Yugian, XIAO Lijuan & HAN Boping
( Department of Ecology, Jinan University, Guangzhou 510632, P. R. China)

Abstract; As the primary producers in lakes and reservoirs, phytoplankton assemblages act promptly to environmental changes.
They are the most important biological indicators for evaluating the status of aquatic ecosystems. It is a challenging task in freshwa-
ter ecology to reveal the driving mechanism of phytoplankton succession and their structural responses to environmental changes
through the information within their assemblages. Ecologists ascribe phytoplankton species sharing identical or similar life style and
living strategy into a basic unit—"functional group” in the response analysis to environmental change. As functional groups could
accurately reflect the changes of aquatic environments, the functional grouping methods have been widely applied in many aspects
of freshwater phytoplankton ecology. The classification of functional groups has also been improved and supplemented in the recent
applications. The most popular functional classification systems are the FG ( Functional Groups), MFG ( Morpho-Functional
Groups) , MBFG ( Morphology-Based Functional Groups) and PFT ( Plant Functional Types). These classification methods have
been used recently to analyse the relationship between phytoplankton assemblages and their aquatic environmental variables in Chi-
na. As there existing fundamental difference between these classification methods, the users usually face difficulties in ascribing
clearly every phytoplankton species into the right functional groups. The paper reviewed the features of each classification method
and its application to improve the application in China.
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F 1 FG Uefeny EEPUNFHEAASRRSE (RbFE 2 39 1) (B2 A ScEk[21])
Tab. 1 Main classification features and representatives of FG
FG IEERHIE ifif 52 {50 &g/ Fh
codon A FEFE IEE JRK =ei pH Fh&r Urosolenia ,Cyclotella comensis
codon B mrig g /Rl IOGRE pH FHE TR B = | Aulacoseira Cyclotella Stephanodiscus
PIVINES PIEN
codon C  HEFE Hh/NKIE MOGHR AR Sh FETEAE KK 2 Aulacoseira ambigua ,Cyclotella Asterionella
codon D FAEFRE EM Ml = Synedra Nitzschia
codon N ¥aeai iR oKE K s KRSy )2 pH T Cosmarium Staurastrum
codon NA #XF|hig 3¢ Fok (K4 KRR A Cosmarium Staurodesmus . Staurastrum
B X
codon P 4 s iF iR & P E E’J KOG B KRS 2 BT E B Aulacoseira , Granulate  Closterium
/J(J%' ik &
codon MP £8P 3 il 7R K {ﬁg%ﬁfﬁj Pseudanabaena ,Cylindrospermopsis . Achnan-
thes
codon T HEHEG/KE KOG I =372 Mougeotia ,Mesotaenium
codon TC & & 7% . /K 85 % Wi 81 RIAE Lyngbya ,Gloeocapsa
G218 HATHKAEY)
codon TD EP%P’?? K B U Bl MR RRFAE: FR i e | 22 AR AT R ATG i
g% A UK
codon TB 52 I Wil B A= A ek
codon S1  JRAVEM B E K AR G HE wRIAE Planktothrix . Limnothrix . Pseudanabaena
codon 2 JRLIE EHEME JEK [y wRIAE Spirulina Arthrospira platensis
codon SN JRHE JRA [N RT3 ORIE R Cylindrospermopsis Anabaena Raphidiopsis
codon Z FEF [ =€ CHe e EmH Synechococcus , Cyanobium
codon X3 ZFNEFE IRE JEK e s A5 IKAKIRS WEBVEM  Chlorella .Ochromonas Schroederia
codon X2 HF|EEFE HIK N2 IKIKIRE IEEVER Chrysocromulina ,Ochromonas . Chroomonas
codon X1 & B JEK NE BI= JEEAYERH Monoraphidium Chlorella . Ochromonas
codon XPh £ 5 &5 | 5 B4 | B 1 ek AE SR Phacotus
INELRAR
codon E FEFHFHHEFHEM N K5 (G TR 8= Dinobryon ,Mallomonas  Epipyxis
KR K BEIR)
codon Y  #H/KIREE K68 HWEVER Glenodinium , Gymnodinium . Cryptomonas
codon F & EHF. EE R KER . BEM A ARG = Botryococcus , Oocystis Kirchneriella
Ao
codon G FEIE fEMKIAE =i it e NS Volvox . Eudorina . Pandorina
codon ]  EEIEIRES JEK P51 Pediastrum Coelastrum  Crucigenia
codon K & & FEMIEK KR REIRE Aphanocapsa . Aphanothece , Chlorella
codon HI EEFE 2. &AM, KEARE MEkE KIKIES KB (K Anabaena Anabaenopsis . Aphanizomenon
ok L
codon H2 773 i 8 35 IR K Ot S A E MSBE KIRRA MOGE Anabaena ,Gloeotrichia
g3
codon U ZXHIVE TR 4324 L2 UEFR ZHEAREZ Uroglena
B FFER MR 2T
codon Lo #H| & & 3. PR KW EHxRN2E KR B2 MRS Peridinium Gymnodinium ,
IKPR AT R R Merismopedia ,Woronichinia
codon LM &2 E & 3. /N IR(IGH RS KRR AREHR Ceratium  Peridinium . Gomphosphaeria
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FG BRI 52 UK RFEIm/Fh
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IR FE B R
codon R AH|FEFHR 42 OG0 2 KIEARaE Planktothrix rubescens .P. mougeotii
YEH
codon V. E7HEF HAHBELLE WAL SR KIEATE Chromatium .Chlorobium
bk YEH]
codon W1 AHLi5YL &K A A HE1EH Euglena ,Phacus ,Gonium
codon W2 g g% VK Trachelomonas  Strombomonas
codon Ws & &Y A PLT ik Synura
codon Wo B&A MR KA AW Chlamydomonas  Pyrobotrys , Chlorella , Beg-
JE glatoa alba
codon Q & & JEHE T ER M /MY Gonyostomum ,Heterosigma
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PR 5 T TCHE TR AR ) 43 0 e R ORI HC A S, PR EL AR (8 N L SR SRR A A T s L2
ALK B IR R — 2 sy, BRIk L 2.

MFG J5 35t FAF 584 BT e 40 3 5 0 e BEoROR T, g B HL 4 — S 3Lmb i, I H B AR 9 2
B N AR B MIE ST T IR, 2Ok PG NI, il TR WA Y R 40 4325 BT M i LR, Dy
SRR LR [RI IR BT AR AL AR AL T T sk R Y 5 k. MFG k4R S A3 T 2 56
TE Tolotti 25 7 AF 5 & Hb A — 4~ w5 LU A At SR 1A P e ik o Jol 2 T — AN BT MG 1) fi fE——
67 X TR IR SR I T VAR R B R A P S TR R TR A3 3R B K Bl 7 2R A
3.3 MBFG L5k E

of B PR D) R 432505 15 , MBFG A3 /3 B AR AR ZE SR 7 80 (3R 3) . 402805 IR F VR e A 0 )
TSt A TS A A 1) S ) SRR AR I 7, S e — o A SRR AR L. ROBEARIR IR A R/ | e
SRR IR S5 F A T KB IO T JRE S5 P SR A TG TR T M B A TG A R A A R L A A TG X LA
BT BB AR AR, T LAV I AN 35 MK B 2= PR WA A 0 4 7 AT S T RERE (3R 3) . AR T
Il , MBFG J7 i 22 2% & 0 SR D RERF 090 UR O VU Bl ik VBRAE) SRELEE 7 B & 00 = S AT e 2k 3 4>
J 25, MBFG Ay BAKM TR .

55 1A b H R TR /N R SSA , An: (BRE E SRR E H 0 AN AFR S AR A A 22 R B (K
PSRRI RN IRRN AR e MR SR R G, TR R AU B R R X I RE R A A R
FEAR R, BARENTITZ 0 R R (BRI E . 55 2 4. S (RN G ¥R, A RE TN MBE ) |
J&TF v SRR R o AN S R SR T A R TR B A, DUM R IR A B R R I A B RE AR RS 5
ERKIRAERE. 53 A B iy KAV, 353 T TSR H B H . e 18 T K s, iR A K
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A BEIRIBE S A B R R, DU R R AR A, 5 5 4. v A B ORI A HEE 1 SR i
e (Rl TP R P BEAE ) BEIRARIRAE 1 P 45 MEB R A0 RS 5 30 RE D AR BT REAE AR P 138 R 4k
A RAR R . T Ty P AR RN, TR R P AR IR AR, 55 6 21 JOMIEE AT R SN B BE A R (REBE) |, B¢
URARIRAE I3 1 45 R K PR AT MR AT 5K, DR AN M 2 B2 R TCA8 Sk 0, B AT A . AR AT T 7 A ki
7 AENRVE IR IR, 25 7 4L AR, R BVR A R BURER (@B H SR EE H B H) , 20
K g, B IRER- I AN BE &, 3 6 il ATERER A5 SR 2 W ORI AR, BT LA £ T A1, (A 32 1%
FESR T ARG, FUE SR b M RE I W22 e RSN D 2 IO A5 45 Kl 7 A AT R0 g, TR L TR
P AT LATERE IR AR, R ARIX — D RERE A Pl S X ik A B A5 K, (B AT RIS R WA B AT Rl i
PEREDIARA — KRR L3 1] AE 5 SBUARAE MG
%62 MFG IR A CHIE 32 ) (8 150k 25)
Tab. 2 Classification key of MFG

OB K iR
HHE manR FA CALFERE VR R 20 L ) ST SERERTTRAMA la
TR 1b

S AP le

AR (B ) ST MR T AN N 2a

3 /A 2b

BTN 2

Bl 1/ 2d

FEHR L3 S 1A M R 3a
S T R A 3b

THE T W A 4
BEAk B 22K 5a

(pka B2 1 9 KRR 5b

Bk H AR B2 i A Sc

Bk H0/NEEIR 5d

B H Se

ik KA LB 6a
SPIEUEE A KA R 6h

I R R 1 3P £ 6c

A LGN A 7a

SFIECHE A/ K b

A 240 KAk P BN A B A 8a
o K B0 K 8h

A P R 1 SN 9a

SER B 1 2 AL/ NA 1A 9b

ST 9c

A3 (1 BN 9d

oAl BEA 2NN SR 2R 10a
PO TR 2R 10b

e AR2ININ 10¢

€3NI SEERE F IO 11a

ZREREE H BRI BEAR 11b

HoA R A e
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Tab. 3 Classification key of MBFG

HHEE Bk s eE Group I
PSR igN: 4 R HEAAE <2 pm Group |

RKEA >2 um Group V

AEHIE ELA E A Group VI
ANEARE M8 LA RS R bk HAHE M HFRmA >0.6 pm -1 Group [l

R mM <0.6 p,m’] Group VIl

REZ M RFH <10 pm3 Group |

K > 10 pm? Group VI[

AN LK 5 i o A <30 pm? K EAE <20 pm Group |

KR HAE >20 um GrouplV

AL >30 pum’ HAE = Groupll

ANEA = Group IV

3.4 PFT Thee &g

PET 236 T C-S-R =y A A 107 Sfe s & JRe R Y S REREBIF T 7™ 2 [RTRE S T 0B — i« 3t
FERRNZE (TA] R 23— T RERL ) A 25 AR 7] A PRI W PE FRH LAY A2 25 R ST DI RE. A% B S LR, PET JfAE [
SE R DI BEREI 3 B, T2 B0 B AR B K A PRI A RN (BT RUBE ) VRE RO A SR S FR AR TR BE 1 L iz
BHAE T Z M 2250 , 8 1 B2 (cluster) \FEJR Ay (PCA) | () X1 7347 (CA/CCA) I FE A BRI (PCoA ) 7
F-BE SURE i T AR 7 AN R A D RE B AT 73 08— P o0 2805 0. AR Ak 2 T LA LU RTIR B 3 7ol [#]
SE S RERE 0 2 B 0 MK I W A DA B A [ A, 0 R 7 — LR s K A H BRI 1) 0 R 1) I 40k 5 B
SRR A R GEH 05 A FISE T BE 2 S BUR BUAR R A 45 2R, 75 208U O G0 2 A 25 0 5T
53 R
3.5 3 MEIE /S KINRERE X D HIELEL

AN 3 S BE A ) 2 AL B S R LU, FRATTRT LU B FG I MFG S RERY A &8 73 8 & 09 M J7 ,
MBFG 2= 55K (K 4).

4 F A ThRERE B B

4.1 T B R S A T E X BB (M

IR A 25 BRI 1K 310 30125 A0 P 305 A2 0 PO TR 2 LA B A AR VI G AR AR R
B LR AR DO | DR B L T8 2 7K B AR R Sl k37 3 400 T 45 R B3 DR T 6
£ FG SHRERETT L IT & T, AT SCHRAH Reynolds 76 1984 F1 1997 4F 52 SUAG“ S8 AT /K Bk A1
YIRERE DT i th DG | TH VR IR 2 T R 0 SR A R AR K MR SR B s e L xb b 3
4 AR WA B TF SR, FA S0 F DI BRBER Lo T ARAE S M HE /% T 3 7K 43 J2 301 FHR 4 301 9 7R () PR 355
RS, A G BRBE 1 A R AR A I, A2 % A A 30 D RE TR i ke A8 . o IO BT Z0 W 405 L0 X K )
TR, Ty BETRE T LA RZ e K A I % 7 32 B A6 T3R5 00 vh— 8 85 9%, I UMK 02 7% 8 5 1 2 A it
A FR YL FG D RE IR AR AT Ml S e TR 26 T P B A 52 4 R ) 3R K SF R [R) K A R K
PRI 2 5 P ZER M Mary §77 °) | Samsonvale , Somerset Fl1 Wivenhoe 7K B2 P #8 R B H T FG 1)
RETE X R B A5 10 B A4S 7. 7RI Kiva B9, AT % B0 H 20 J2 B T LURE G A Iy BEBE (9 17 U A
W5 LA BAE 2 AR L S AR R B TR AN K W S W L ZR T A R U 2 g
WL S BIAEAE 5 U 3R K SEARE B B9 A/B/C/D ShAERE (F—h -3 A F NRERE R 3R) . W)
58 1) AR 20 AN S K P T A ST AL T B K P, S AR K () 5 1 R 3% B4 i —
ASHEI I BERES R Lo L AR VTR 2 PR IR A BT 5 22 W1, LA W0 R A 4 A O U O 2 Th RE B
AT R T AR 7S RGO iR
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% 4 FG MFG F1 MBFG D RERE (1 2 5 AR SR AFAE
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Tab.5 F values of phytoplankton functional groups
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