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Abundance and biomass of heterotrophic flagellates in Baiyangdian Lake, as well

as their relationship with environmental factors

ZHAO Yujuan',LI Fengchao'* ,ZHANG Qiang’ ,ZHANG Yan’
1 College of Life Sciences ,Hebei University , Baoding 071002, China
2 Hydrology and Water Resources Survey Bureau of Baoding , Baoding 071000, China

Abstract: The significance of free living heterotrophic flagellates in the microbial food web as the main consumers of
bacteria and picophytoplankton has now been broadly accepted. However, heterotrophic flagellates have been largely
overlooked in limnological studies, mainly because of methodological and taxonomic problems. During the period from April
2010 to March 2011, the planktonic heterotrophic flagellate community parameters, namely abundance, biomass, size
distribution, and taxonomic composition were investigated monthly using a live-counting technique. Surface water samples
were taken from three sampling sites in Baiyangdian Lake, a typical large shallow fresh water lake in north China. In order
to determine the factors related to heterotrophic flagellate communities, twelve environmental factors (including physico-
chemical index and biotic parameters) , namely pH, water temperature (°C ), electrical conductivity, dissolved oxygen,
total phosphorus, total nitrogen, ammonia nitrogen, nitrate nitrogen, chlorophyll-a concentration, the abundance of
bacteria, planktonic algae and ciliate were also measured. The relationships between the heterotrophic flagellate community

parameters and the environmental factors were also analyzed. Results showed that the water temperature and pH of the three
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sampling sites varied from 0.2 °C to 34.2 “C and varied from 7.7 to 9.3 respectively; the annual mean concentration of
total phosphorus, total nitrogen, ammonia nitrogen and nitrate nitrogen were in the range of 0.20 1.23 mg/L, 1. 70—
28.91 mg/L, 0.65—21.63 mg/L and 0. 63—2. 61 mg/L, respectively; the annual mean concentration of chlorophyll-a
varied from 1.4 t0119.3 pg/L; the annual mean abundance of bacteria, planktonic algae and ciliate were in the range of
(1.998—4.827) x10° cells/mL, 316—9782 ind. /mL, and 1—238 ind. /mL, respectively; the abundance and biomass of
heterotrophic flagellates in surface water of Baiyangdian Lake were in the range of 100—3200 ind./ml and 35. 98—
2328.85 mg/L, and the annual mean abundance and biomass of heterotrophic flagellates were 1054 ind./ml and 532. 93
png/L, respectively. Some species, such as Cyathomonas truncata, Paraphysomonas vestita , Salpingoeca sphaericola, Bodo
spp. , Rhynchomonas nasuta, Monas spp. , and Petalomonas pusilla were dominant species in Baiyangdian Lake during
sampling periods. Heterotrophic flagellates in a smaller size (<7 pm in length) accounted for 47. 11% of the total
abundance and accounted for 6. 82% of total biomass; Heterotrophic flagellates in a middle size (between 7 pm and 14 pm
in length) accounted for 37.42% of the total abundance and accounted for 39.21% of the total biomass; heterotrophic
flagellates in a larger size (<14 pm in length) accounted for 15.47% of the total abundance but contributed 53.97% of
the total biomass. Statistical analysis indicated that the abundance of heterotrophic flagellates is significantly and negatively
correlated with total nitrogen (TN) and ammonia nitrogen, but positively correlated with pH, bacterial abundance, ciliate
abundance and chlorophyll a concentrations. However, the biomass of heterotrophic flagellates was positively correlated with
pH, dissolved oxygen (DO), ciliate abundance and chlorophyll a concentrations, but negatively correlated with total
nitrogen (TN) and ammonia nitrogen. The data obtained in this study demonstrate that heterotrophic flagellate is not only
sensitive to environmental factors, but also a key player in the trophic interaction between bacteria and higher trophic

levels.

Key Words: heterotrophic flagellates; community characteristics ; abundance ; biomass

5778 E 1 ( Heterotrophic flagellates, HFL) J& & LLA ML MR, J6 0 2 (A LUE B by iz sl 5 09 )i A
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Fig.2  Annual variations of physical and chemistryical index in the surface water of the three sampling sites in Baiyangdian Lake

SR 238 A/mL, AR 12 A1 AR 25 RAE S 1 A/mL, It £F 6 RFE B AR i, o 72
A/mL; BBk k2, R 39 A/ mLy ZHiF Ak, b 10 A/mL, Sift£F Bl FE R A B 3%, 6 A6 A1 10 A4y
PR Bk 6 .7 A e BRI , & B REUAR i e B I F R AR AR,

R RSN BE A R A AR A A LI 3, 45 R BRSO AN AT 1. 998—14. 827 x10°
cells/mL 22 [], 25 50 7 45y Bl Sk SR RE S A 14, 827x10° cells/mL, FAR S0 1 A AR 225 HF RAE S 1. 998 x
10° cells/mL, 3 ANSRAEGANTE T 40 B b ,6 .7 b 2wl , 76 B W Pl A K 4 0l i AR P By 2
22 AR, 3 SR AR I(E N 4. 7627x10° cells/mL,

2.2 FIVFUERZ KRS IR R B A Y R AR AR

FIEVE R 2K AR SR 06 i 3 3 AR i i SR AR AR AR DL I 4, 3 AN SRAFE S 5 77 B A 3 B A F 100—
3200 ~/mL, AEY(E A 1054 A~/ mL; AR T 35.98— 2328.85 wg/L Z Al 4EXIE K 532.93 pe/L,

Pl Sk UL 1) S S B R PP A SRR B2 ( Cyathomonas truncata) 3T 8 il 3 ( Paraphysomonas vestita) (3K
= ﬁﬁﬁ(&zlpmgoeca sphaericola) %5 . 5374l 6 HU=E B A= W &5 43 5 o~ 225—1817 ~/mL Fl 73. 05—950. 37
we/L Z M0, fEFEE R4 AOE 1817 4~/mL, HAKHN 1 A G225 4~/mL, JA4EAE K 1066 4~/mL, 45
A 11 HV\B’J 950.37 we/L,fcf& R 5 HAY 73.05 we/L, 4EX(EH N 489. 16 pg/L,

Sk E UL R 2K U © H 2K (Bodo spp- ) « By h ( Rhynchomonas nasuta ) DL Ko 4 i R 2k
( Choanoflagellates ) , 577 ¥ 6 e =F B A AE 9 433l 4 300—3200 4~/mlL 1 173. 35—2328. 85 pe/L, HemiF
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Fig.3 Annual variation of biological factors in the surface water of Baiyangdian Lake
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Fig.4 Annual variation of abundance and biomass of heterotrophic flagellates in the surface water of Baiyangdian Lake
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pg/ L, AFEIMH N 860.34 peg/L, 7E5.6 H Ay ikBm e skt 555 8 fUE YRS R AR S,
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A5 SFRMEE B AR YR 100—1550 4S/mL F135.98—925. 65 we/L, FRERE K 6 A 1550
A/mL, B %R 10 A 4y09 100 A~/mL, AEBE R 610 N/mL, LS M E R FET 6 AR 12 A6 1M
Wil A i 12 A0 925. 65 pe/L, 5efiKoh 8 A1 35.98 we/L, AF5{H K 245. 65 we/L, %Hr
VSR M B R AR A R, WAE 6 M 12 A MBPIR I, ZEBif 57 5% 50 6 O B A ) i B 51K
FHE PG A5, 7 EL R T AT T 7K A A i S HE AT 22 3 W S 5 M o = R AR e R SR I I Ay 2
1L

3 A REE SN SF IR T A (<7 wm) AU G B EREN 47, 11% , A0 25 S AR Y810 6. 82% |
PRI IEHE R (2 7—14 pm) BB 5 BCERE 37.42% R G SRR Y 39, 21% ; R S5 iR
(>14 pm) FEE R B 5B 15.47% , J5T0k T 53.97% e Yra:
2.3 RIEHEE BB REIE SIS A E R
2.3.1 SEIRHEE RS RRAE S B R T A e

It SPSS17.0 X FAFTE 3 ARFEp T IR M E R BARHIE (FE S A E) SR pH (A BF % %
fif A B BV A FIIE R ER ASF A AR A TR DG AT B R LR 1, RIRMEERE A pH (A BA
MR AR B EHE, b5 pH (A B IEMHXE, 5EAME AL B EN IS, FRIETERAEY RS pH
B AR A AR B, S pH HAA AR E EAX, S LA MEARAREENMHC, FIRH
ERFEMAEY R SIRE SR SRR AR B,

®1 AFEFFEERSELEFHEXRY

Table 1 The relative coefficient of heterotrophic flagellate community and physic-chemical factors in Baiyangdian Lake

R RS ey il S MA AR R A
- - pH Electrical Dissolved Total Total Ammonia Nitrate
Temperature .. . . .
conductivity oxygen phosphorus nitrogen nitrogen nitrogen
.
IR B .
Abundance of HFL 0.222 0.475 0.263 0.181 0.247 -0.339 -0.351 0.258
=1 = LY A=N
S SEGRTE 0.125 0. 442 ** ~0.309 0.358" -0.274  -0.364"  —0.366" -0.243

Biomass of HFL

* P<0.05, * * P<0.01

2.3.2 SFEMIBHRARE SEY TR

SFARHEE AR AR AL (R SR ) SR I LB AR R R AR a RPN
TR AR 2, FRMEERFESHME L FEREEMHSRER o FHEDFEMIEME, 5
BRI 2 SR M A i ST B 2 S 20K a & i B PR IR AR O S 20T R L
BERF LM

®2 AFERFEERFENENESEVEFHHEIXR

Table 2 The relative coefficient of abundance and biomass of heterotrophic flagellate and biological factors in Baiyangdian Lake

YU F S FE MR BRER M4RER a F i

Bacteria Ciliate Algae Chlorophyll-a

abundance abundance abundance concentration
S IEMITE R FEE Abundance of HFL 0.433 " 0.671 " 0. 195 0.360 "
S FEHE TG A Wi Biomass of HFL 0.254 0.800 ** 0.235 0.437 "

* P<0.05, * * P<0.01

21 BN BEAE R RS A B & M 2 & E M E Y IR ha E B AT, A0 o HT & B
BB FE S W T B EMIC (r=0.528,P<0.01) , [Al W 524K a & B EMEMIC(r=0.366,P<
0.05) , 15 w25 B ARG R B 2
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B, B SR s B IR, R R B SR M SR a S RMARE 3 N B E B R, LA R
B A SRE 2 B 3 WHEhR,3 Nl s B IR AT A - e > b >k . B8 s 45 1%
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1054 A~/mlL F1532. 93 pe/L, I FRIUR I & S FRAABIX, 5k 2% & E IR H1IA Masurian Lake 557
EHFRE((700£700) —(5800 + 1000) 4~/mL) MFZE™ , iR R ERH S HHE RN EEMEYRSA
TEVE & E SRR A — B

FIEVE 3 SRR A S 5 R %) =5 B A A i e IR R[] B R E B ) AR A A B . g A 5 SR B L
JE AR W R AESIAE 23 59100 1486 A~/ mL F1860. 34 we/L K75 TIEk (E B AW AR 294 1066 4~/
mL F1489. 16 wg/L) FIZHHr (FBE AR Y& AR (H 73024 1066 ~/mL F1489.16 wg/L) . W TREELA T
WA X, 52 A B2 A T HRAR XRS5 3% 86 H o B 0 A B i e B B 3 P e PR AR A s T A v T
WX T 2% AR IRAE AN LA F7 58 X A8 i A R1AR 1 R T A 0 11 40 30 SRR A D G P A8 19 21 AR AL R, X T
B 5 AN T A K HEECR ¢ o R BEZHHRAE S O S AU R R & EE (B ) iR R T
U RE A Wt HRAR, 0T BE SRS K A SRR A 5T R s SR S e T S R T VR X R B
PR B AR
3.2 HFIERIRHIE R ST N MR
3.2.1 HHFRERFME R SEANFRMEER

FIEER R E RS pH E S A ME A E B EMHX, i 5 pH 2 B EWIEAH, 504 AR
AR R ENTAS, R R ERAEYES pH (E A B A M AR W EHE; R ER KX 5551 E
MR FIEA 2, pH (HR— A MoK B b , A2 B 3 4 9 0066 1 R 35 A2 0 04 WP I A
FHUARA LB o3 A R 25 52 e R pH A 28 b 2552 i i e sl W Al ARl 5 &8 & 4 AR el 3l DA
XHERZE MM SRR B R A 2 KR pH OGRS e 3 MR RS S 2l
W FE AR, TR o B A it 5 2 R 38 R DG T 2 R i M A, el K b oAy
0.2 mg/L,3 RFF AR MBS & T b, ORI BRI SR . 1B w2 i A Py vk ) E 2L
T, AR SCAYIFZE 2 BH 1 7 D8 S R 88 R 0 = B A W i S5 38 B MR DGR I R 8 3 KA b 78 R A8
ERFIE YR AT IR IEARIR AR M) S IR AR R R R AR i B AL I R AR AR, S R HE R AR
USR5 , RIS K AL F B 75 2R B3R 43 0 Wi A i 58 Al 1R Sk i T2 OB il s o3, 42 20 7 U A 47 R 400
KM
3.2.2 HERSFMERSEYHE TR

A A2 PR S SR I B — I TR B SR . Ol ST R B, BRI B K ( Bacterivores ) Ab, if
{45 £ # (Herbivores ) | £ 7 J& ( Detritivores ) F1{5 i ¥ 5% ( Osmotrophs ) & , H E AT L F K WIR A B H
(Mixotrophy ) , TEFHE EWIEE T, 5% HIE A AN o AR F IR & H M e, R EA S i e
JEA: SR AR S B PER) 7R S B W dE b, S 35 HEE HUR DOM I POM (I 2R & il 4T Ak
MK ESRN N SRR GH, AR RMERFESHEEE FERFEEANSEE « SEEREEE
X AR E AR S B R LR o &2 DS EAMCHZ R, R SR E R SN 45
HOFT A SR B0 M 2R A PR B B R . T LR AW 72 A B & W R I 53 1 S LA A, =2 5+
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FHEE BRI AR, B AR Y B R AL

ABEFE SR M B SR YR Y S AR a S i W E OG5 SRR AN SV AN 35 SRR B
P A R R R ASG T AR W A S A R A O E AN R SR AT RE S LTI R A K1) R
MARREZ ARSI, Bt 2R, A28 R DN A AR, i A ) 32 B LR A AR
2) th T AP R R B BRI | PR A YR RE R TS wm DL BB RE, TR /N T 5 wm 1
BRI a T A BRI TTRR, XA i TS F RIS R a TR A SEE, R SR M i — 2
WFFEUESE
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