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Response of the soil ciliate community to ecological
restoration in Huajialing, Dingxi, Gansu
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Abstract: To obtain a better understanding of the responses of soil ciliate communities to ecological restoration, a
quarterly survey of the soil ciliate community and seasonal dynamics across five sampling sites of artificial spruce forest
was undertaken. A contrast sampling site of wild grassland was used and live observation ciliates and the three level
ten-fold dilution method was used in Huajialing, Dingxi, Gansu. A total of 127 species were identified, belonging to three
classes, nine orders, 34 families and 50 genera. Results show that the species distribution had obvious differences across
the sampling sites, the community structure of soil tended to be complicated and species comparability decreased
gradually with the number of restoration years, and abundance, species richness and species diversity index showed an
upward trend. The dominant groups of soil ciliates changed during ecological restoration. Colpodida was the dominant
group in sampling site I and site II, whereas Hypotrichida was the dominant group in the late recovery sampling sites.
This study shows that the dynamics of the soil ciliate community better respond to soil condition changes in the
ecological restoration process. Although the soil ciliate community can be used to evaluate the effect of ecological
restoration of terrestrial ecosystems, plenty of further systematic research to establish an effective and feasible evaluation
index system is required.
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AL S R VR I, HIEA AL, pH fH.
FRE . TIEEEKE . KR ESE R AEAN R AR FE R 4
Ag, ATAF TR BALE PO TS B 2, X L M2
SEMR IS P B ) F EEIA L F (Su et al,
1995), #0358 2 W) 1) R v 2H B M 2 FEVE T AR
WERW . HAT, TSP A AU 1) e N ST
BEAN 22 283 Pl oG, R R B e R 35504
ST (Adl et al, 2006; Xu et al, 2005; Xu et al,
2006) 0 3BT LR A= AP S e N 7 TR A v e
T

IR AR LIRS RGO AR
(microbiota community) ¥ 5240 B, 76
ARG W) ARG AR e S B R A S A
Mo T IR B D AN AR 7 UK )Ry
R, WO AT T A N, S B (VA AL R
FEBE S ZFEVESE) RV M DR T - SRR B ) A
1t (Ning et al, 2007). Petz & Foissner (1989) iff57 &
MARLMFE OSFAMIR) A LI £ b Sk
BN, HLAF 7 B B AU 25 4 A I B R
Xu & Mo (2001) =55 g FEH 7 17 37 15 e bk
BER 3 b 1 SR AR S RE S AT IR I, B
BRI E FI B B I8, %) 118 5 AR S i v s
T KHI . Liu et al (2007) 57 T =M AR
B b DX 75 G L3 b R AR B 5 A o Rl 2 R
AR A SCRFAE W] LIS VR T s Gtk . A
# T 2007 45 9 A 2008 45 8 H, A Hil @ HERK
U AR A S IX T 3B AT VR D A T A i i
AT THIIL, BAE TR RIS IR X LT R
A AR AT 5 RS AR BT R V& (13 A2 B))
FEAE, BRI AR AT LR R B AR X AR
PSR A T AR LA TR

1 #RFITTE

1.1 HXER

HRE R FIE N T 2RI E X —— R KE
MRAF(35°22'54"~35°43'40"N, 104°52'48"~105°28'06"E),
b AL B g S BV AR X, AT A3 1L AR R B P e
LA AR 2 P [ ERE 447, 4K 2 000~2 586 m. ¢
SR 8 P e T P M — TR A T R XU,
il 3.6~6.3°C, /KRR 350~550 mm; KA AHXT
T 60%~70%, U 0.8~1.2; F1-34) H I 4 2
500.1 h, oA 148 do T HWISHE Y -,

20 tHed 70 FEAOR, e ARG AR

IREE R, 2 TR N T8 S “HRFIE KT,
PAZAZ TR A A 12 DR e 1 52 11%) = A%
B, BEAT T RHUBEE AR . 00T 30 4R 0%% ), MK
2 C R AR SRR B Y o
1.2 HEHbIgE RS

JIT 3 B A7 T 46 S0 MRl 3 K A= 3K 56 7 B 3
(35°22'071"~35°23'387"N,105°01'362"~105°03'657"
E, ¥ 2 271~2 386 m). SEIG 2% FEPK KIS 18] AN ]
TEEPHHRFIE N T AWK X ER T 544
[FIPS I BEIRE AL, FEATE 1 AN AR YK ST
ISR AR R (1 1), B HERE SRR X
I 25 R IRE R 3k ) 0 - 33 2R AR A5 T 1) IR 3% DAIE ¢
FRAM AR ST . FEOFSEIX UG R . R T )RR B 17 L AT
W& 1.
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Fig. 1 Sampling sites of soil ciliates of Huajialing
I: UAIECH (6HEURE ) [Hamashi (contrast sampling site)]; 11: FK%F: (6
R AZHK) [Wangjialiang (6 year-old spruce forest]; IIT: /N=34) (12 4E7E
ZAZHK) [Xiaoniugou (12 year-old spruce forest) J; IV: Bix L (17 4=
A2 HM) [Nanjiatun (17 year-old spruce forest) [; V: T K58 (22 LB
[Huangjiayao (22 year-old spruce forest) |; VI: K4-ik¥3 27 4=
#K) [Daniushiyanchang (27 year-old spruce forest) 1. &l H14k: HERIEFH
PR; 40Zk: /A% (heavy line symbolized the border of Huajialing; hairline
symbolized the road).
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1.3 TIRBICEFEINE

A i R GRS . —10~607C)
W, +3E pH ERHIFEALIE, (1K =1:
2.5) H TSS-851 THEMR R VI, HIEA/KE
KABETEIE; APURE BRI GR . EARRM
A ERIE ;34 U K F Ry — At R A —
AL (ULRIE) BATIHALALEE, R)EAEA3)
BT (Quikchem) FillsE; 34wk & H A
AR — R B P L ikl e
14 EMEEETR

SEPERE TR AR RS FR YL (Foissner,
1992; Foissner et al, 2002) HEifn X+ +4f 50 g,
S E T HAR 1S em [FEEFRILT, 25°C T HSR 24 h
Jo BB DL s A o ARy B AR R B IR T,
FLBIAAS HOBH AR A 1k % BRSO 42
MG (Wilbert, 1975). PR % 5E 7% SCHR L
Berger, 1999; Corliss, 1979; Foissner, 1987; Foissner,
1998; Foissner, 2005; Foissner et al, 2002; Kahl, 1930;
Kahl, 1935; Lee et al, 1985; Lee et al, 2000; Shen &
Ning, 2000, JERWFFCRA “ =R A XML
(the writing group of a handbook for the research
methods of soil animals, 1998) HEAT4F &I TR
B, ARSI R RSG5 10'~107,
1.5 Fitoih

X2 TE B A oy 2K T8 R R REAT GEt OF
R > AT WK, B Mt 2 1) H
(order) & XCAPLFAIHE; K2 19 H & SON RIS
JEHE; BT H E SON IS . ZRETESREUKYE
Margalef ZFEVEFREIA X : d=(S-1)/ InN H5H. 0
d WEREVESREG S ARG N OAMERE . d
1B B KN R oR W Bl 22 B P ) i IR (Shen et al,
1990). T ¥4 ] SPSS 13.0 AbBE, X}IREE T
MURER AL RS HEAT 0 JZ2 R R s R YIRS
P LTI 2 FEESRBOEAT I - R JC A
WA 5 72 53T o

2 &4 R

2.1 BRI SR E RN S
SEPHHESRIS 6 MR B IR T8l (R
1) R WEFE R S K AR DU s T
X IR L, ELBE A IS T (0 S 1 5 W) S 1 RO 3
T pH R A Dt P AR S 1 b v RS AL
JE AR IR R, 6 4F 5 H8 B UK

s, WA 17 S AU s TR R R
MR LI R A E. DREEEN RS AL
JE B AR BRI IS, HRAREE S AL
SRR AN R 2 P 12 4R (1) 1T 54 s R i i
BAR(TUZFIME R 0.037%), T 556 AL SRR R
27 I VI 5 FE R m (A =P B
0.046%), I, 11, IV Fl V 5[ 20 B i34
IGT 15X FRAE

N SPSS 13.0 ettt 6 AME i 1
HALPR 7 6 MRbR(E/KE. L. pH . L
FUo . BAEE . BEEE)IT A REAE 2).
V. VI IV SHE SRR GRS 1 bt o —28
o, E 4 A5 T SFESER N —3 1511 5FF
SRR ECRE RS 5 AbZR —38. M 6 /MFF R 1 g
TR, IV VR VISR A oK, T
FEROCSEATT 3 ANFE AL T 50 B 555 11
FRERARBIEROR, AR5 HAbRE SO AP R G
X0 B P A I i) (] B 8, T SRR ST 2 ) (1) A
B )

2 W4 e B L TR b o 1
Dendrogram using average linkage (Between Groups)
Rescaled distance cluster combine
SE 0 5 10 15 20 25
Num + } ! } } )

£
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B2 ANFRE RO LR R 7 S T 6]
Fig. 2 Dendrogram of cluster analysis on Environmental
factors in various sites

2.2 TIELTE BRI E B A2
221 WMo 127 PR SRR AT A L
Bl 4. 155 REE SRR ST 6 41 1T S AF s AT
A 38 BRI 39 Fl A5l SR EL 29.92% 1
30.71%; IIT 5 FE 55 55 Fh, 5 43.31%; IV 5V 5
FES AT 68 FPAT 69 Fh, 230 53.54% Fi
54.33%; WE 27 F1 VI SEEAMECAEE, o
i 87 B, AW B EUT) 68.50%. RV 43T B,
Y BRI T A PR A R U R PE A G R, [l 7
Tk » = 10.029 x + 24.400(R*=0.9558), 1] W2 Pk
SN ] P 2B A ER A G 2 A
I SPSS 13.0 il Axt 6 AN i 15
2 E RPN AT AT 0 BRI (E 3), kE W]
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structure index of soil ciliates in various sites

222 WEEAN CETRN 127 FhEEd, 50
RIET 3499 H 34 £ 50 J8 . HIELT B A& AL
W 4, HFIE IR B R A LT EH
(Hypotrichida) 46 Pl AALHAEHE, HeFELYFha
111 36.22%; B H (Colpodida) 25Fl, 7 19.69%,
N BSRE, 4B H (Peritrichida) H AT 1, N
FOEHE, PR 0.79%; H WSS AT
[ H (Prostomatita) 5 1 H (Nassulida). 1 H
(Cyrtophorida). [T H (Hymenostomatida). J& £
H (Scuticociliatida) 15 H (Heterotrichida), H:
mUHT A H MR 2, LA R R R
14.17%.

Bl 4 IR, 150 R SOV AL ok T o 11
FHE R R AR S ZE AN, HI~VE SR AH
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SKAE 5 Sampling sites
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Fig. 4 Community structure of soil ciliates in various sites
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(R T SRRE SR 5 AR A A B B 1) 3B 4R B )
FER AL WP ECRIL A% LE R 4 -

LS ARMCE O R R AT 3 M 6 H 13 B 18
Ji& 38 B, HAFFEH (Colpodida) 17 Fh, H£FEH
YR R AL 44.74%, MR A KR, TEH
(Hypotrichida) 10 Flt, (5 26.32%, MIXILHAKEE, &
N H (Cyrtophorida) FIJE4H (Scuticociliatida) %
HA 1R, 20500 RS 2.63%, h WISHE;
WO EE i 1 H  (Prostomatida) Al {5 11 H
(Nassulida).

WA 6 I I SHE S A 346 H 14 k|18
J& 39 B, HAREIEH 16 Fh, (AR HUR RSN
41.03%, MALHSLEEE FEH 1250, & 30.77%, A
TACHREE, RO HACH 1M, SRS
2.56%, AT WRHE WAL WO H, B0
HAEZH .

P12 1) L SFERH 348 H 18 B
24 J& 55 Bl Horp NEH 22 B, HAERF RS
(1) 40.00%, MARFERE BILH 19 T, 15 34.55%,
R AR, IO H (Hymenostomatida) A 1
Bl ISR 1.82%, A ILREE, W LR
s WO H. BOH. OH. BAEHMREH
(Heterotrichida).

WA 1T S0 IV SFER A 3 7 H 20 B
28 J& 68 Fl. HrP NEH 21 B, HERWF RS
(1) 30.88%, MALHERE, BWILH 20 B, 5 29.41%,
R, BEOH B 1 Rl (SRR
1.47%, N WAHE; W WRHARE: fToH. BH
H. OH. BAHMREH.

WA 22 IV SRS 3 W 8 H 24 B
31 )& 70 B, HA FEHMEIEHSA 21 #, 435
HEF R BB BN 30%, FEANARFIERE, mrd
HARUELE H &1 10 B, 2000 14.29%, F£61000 K
ke, % H (Peritrichida) MI5E H&H 17,
I3 R R 0.79%, SR A ILREE; H LR
AFE I HAE D H

YA 27 S VI SFE A 3 M 8 H 29 B
38 J& 87 Bl Hrp NEH 35, HBRWF RS
40.23%, MPEHERE BIEH 19 Fh, 7 21.84%, X
UARAISEE, W WRBEER: woH. BoH. &
OH. BOH. BAHMREH.
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223 MUBM BT SRS I XY
Lo 7 I U (S S W2 T L V. = 17 W = Y
(Paracolpoda steini) {& 2007 FAKZEN 4 DA
(III. IV V. VD), 2007 FF4Z= 3 MFERL (1L TV,
VI). 2008 FEHEFMR 3 AMEA (1L 1L IV) 12008
EEEN S NS 0L I L. V. VI) 040
Bl NIBH L (Homalogastra setosa) 7E 2007
K S MRS (1L TIL TV. V. VI). 2007 4
ZEH1 2008 AFEFZE 3 ME AL (IVLVLIVI) LU 2008
SEREFN VNV SRR B PR K
HU (Leptopharynx eurostoma) 1E 2007 “FFKZ= 4 >
FE& (10 1L T, V). 2007 SEAZ) 3 ANFES (1.
II. V). 2008 fEFZE1) 15 FF 55 R 2008 4E 5 =11 1
MUV SRErh B O AR b, s TE
Hoo W T HORI R i e i e B 58 3 BT
HTZ.

MASFE AR AT KT, T 55 A 5 AT ol
R —, FEARHRZLL LA ) 3 R R A
FRE R, NIES L R D, A7
2008 FHEHFSCIUE E K (Paracolpoda maupasi)
TR ARIZ B A 6 1) TS5 L LB UL
BT e K I e G T2 4L (Colpoda cucullus)
MK B IR (Colpoda inflata) NALHF; PKE 12
R SRRSO R IE R R, NIEE
£2 S EON N W R S EQN 7 = S EN = A = A
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#¥ 55 Sampling sites

K s

(Colpoda  henneguyi) 1 H K& #l & B &
(Paracolpoda aspera); VK& 17 E) IV SFE AL
B VRIS TE AL, WIBE LT R
MK E Bt fGME S T . B kA8 (Cristigera
vestita) FUNRTEH (Oxytricha fallax); k& 22 *F
(1) V SHE AT A Arg U 2 de . NIE B 4T e
R L, I B TR L, & R4S AL (Cyelydium
muscicola)~ HEEWE ) L (Sathrophilus muscorum)~
THE T RN AU TR IR 27 SE) VI S
AR WP TUE TR, WA, K E
JEH BEREE ., CYERNERVE R (Chilodonella
barvariensis) F& &7 Ab . (Euplotes muscicola).
224 JUAGRIAIRFAR AT 37 PR HMAEITA R
sESHIL, AR, A A R R U 29.13%;
KREAE SRR P A 1 Bl 21 R B
0.79%; VKEFERRFAE A 89 B, Fef & dhiyph
A HH) 70.08%.
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ZHMERRBET IS WA BLYME T3
SEWE 5), BFAEMYMN RS, XFRD. ]
Wy HZSIKTE>HT>A T 150 JFE A
AR R b, 73 19 (BK) 13 (%), 18
(&) A121 () By VI SRS Z=15 51k
R, 0k 42 (FK)- 38 (). 40 () H141 ()
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Fig. 5 Species numbers, species diversity index and abundance of soil ciliates in various sites

TIEAG B R FERFIEWE 5), L6 ME
RAFBPE R BV NRIT . H >4 HK
SHER, IR S, omE I EAT. b
ST B dU R B A R S 15805, 4009008 220 ind.
/g (FK)~ 248 ind. /g (%)~ 185 ind. /g (). 252 ind. /g

(), WEYIHFREHIL T8, K 6 F1 115 Ff
MAFERREZELAN, Bk, 70504 61 ind. /g (FK).
56 ind. /g (%). 43 ind. /g (). 43ind. /g (X); b*
Vi SIS ) PR R SOB T ey, PR 27 4R 1) VI 5 FF
MR, 04 336 ind. /g (k). 421 ind./g
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(%), 358 ind. /g (%) 471 ind./g (H).

Wb Z VR B VYA = b, T 9 0 JRURE R
ZREVERR R RAR, 25100 2.05 (FK). 1.33 (%),
1.95 (FF) M12.28 (KH); VI S5 2R B0,
3N 4.67 (FK)+ 4.01 (%), 4.38 (FF) Fl 4.36 (H).

FHRE AT BRI R SR 2 R
TRE AR (E 5)R W], YR 2 R R RN
FRECR L3, B A AT I AE PR B K, Xt
WERE AT B U SEBR D TR 27 S IIFF S4h,
R T IHABMK I 4 ASFE RS, e A S TR 1,
276 = Pt R B A 2R A R A () 4 PR T I K. R
MY MEL . =B R 2 FEPEFr B8 SPSS13.0
HEATRE A5 —Z2 0 0] 1R TG 3 WU 7 7 250 i, 45 R
WIR s ARG X - 3T 6 d R B 1) 2 S i
F (Fzg = 92.455, P < 0.01), &+ SR 7] 2 50
B (F35=8.586, P <0.01); FJEZ="0 2 2K
F (F33=109.606, P < 0.01), ¥ a2 7] 2 5 4%
B (F33=4.176, P < 0.01); YA ZFErEZHi10) 2%
W BE (Fss = 76.566, P < 0.01), &Ff ki) [a)
ER i E (Fs=12.956, P <0.01).

23 TIEAEHRBHEEMSESLIEERVETFY

FEK %

W SPSS 13.0 Gt AR 25 FF s 1) 32 BEFA
7 (bl SKE. pHE. GRS . BEE.
EVER) FLTERBRS WS (DR FEE
ZREMETRED) ME IR R, AT oo AR R AR DG
IR 2)0 HHOMEM AT B, WIRNECRIYIRh 2 K1
R 5o KE . AP A R AR IR AT
K (P <0.01), ity pH 2 EZW AL (P <
0.01), 5 il A i 2 (i) A B B AR OCHE (P
>0.05). FREHSAEHSEMLAEE B EEWIE
K (P < 0.01), HRBEREEENIEML P <
0.05), 15 T F7KE K& pH {HZ [MJCHZ HAH
KM (P> 0.05).

3 i i

3.1 HIRLE HAEEEMITESRE BN R

e R P A kA2 DA B R Al 0 W R T o e
IEPE IO AR R R, SR 2 A
PEROSR e, AR P IR EC AR A 1 B0 15D 7 A A T g
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FRIR 0 5 A2 W) Yk e, M S At S e P S A0 3
AR 1~2 em FIWREJEIIN 5~6 cm, FTEV)Z K11

R2 IBRAETHBRENSHSLBEMER T
XM (R RFERERE)
Tab. 2 Relationships between structural parameters of soil
ciliates community and environmental factors of
soil using Pearson’s correlation coefficient

FR I T WA g DRBRHERL
Environment factors Species numbers Abundance Spem?;;;:ermy

LESRS 0.949" 0.404 0.916"
Restoration stages

N=|
i 0.128 ~0.009 0.167
Soil temperature
o =N
K 0.863" 0.169 0.919™
Water content
pH i pH -0.571" -0.106 -0.583"

=N

AL it 0.716" 0.632° 0.579"
Organic matter
[aE e =N ok *ok ok
VA 0.713 0.591 0.593
Total nitrogen
o i 0.072 0.434" ~0.092

Total phosphorus

" P<0.05 WEMEAKPE; TP<0.01 BEAKF.
" Correlation is significant at the 0.05 level (2-tailed); ™ Correlation is
significant at the 0.01 level (2-tailed).
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IR B AR F A LR AEK
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223 ) 2 DY 2 vp 3 R K B e e R IR 2
T, 0 N AR A AR, 73 S DU 2 e v MR I
AT B RN =T B A S RS K R 2
WA KRB WAk, B NOE PR LR
SRR T, XA RSN SR 2
MR Z o 1 560 BERE RUDU AN 215 I A Mg ) e
b, VI GHE IR YA = )38 Bl . Ning &
Shen (1998) HF5¢ Ak I 35 /K & A HLUT & = AL
BT T ARSI A K R B BT I A
Finlay et al (1986). Beaver & Crisman (1990) /5%
RIL, 75 DM E SR B I g n . AEAHE
FEH, TSR AR R B K SRS, At i b 7

BT, WIRh B E H G N .

BEAAS WA, IR B R RO E, &
TFHO AR S, X5 TSR SRR U &
ALY BRI EAAY S . RIEAETZERA
HHUR o, HSBRRLS T Ea RN AR
HHEBEVIFRR. WAk, LidEim g £l
ARKEHWEEASRTZ — 2R, 76
—EJEHZ A, TSV SEE. AL
o B AR R IEAM SR (Opperman et al,
1989). H1 [ L 7R by 38 S AR B — R A 1
AN 2 N, KRASHILAEE 2 (Ning & Shen,
1998), ASZIG AR FFERIL 0, N 4 AFI L
WL R E, 2008 SEEE, L. SKE.
MU LR A B IR R T2 m, HxRE
TR B IR T Femil; 2007 A A BRI
AR R A, W B Y IR e A,
AHOCHE 73 A7 R I 38 A Lo 7 = 70 R Ui T 1 38

BT S, B R B, R
IRBRAH G REOR /DN 8o IR PO LT 6
MR S AK, X5 Ning & Shen (1998) )
FH3Z 35 815 43 At AL ARty 22 v 70 XU AN 1) 1 38 D A=
YRS AEN SRR OCR G145
A5

TIEAFDLYFE YA 2 R R R
IR R OES, XHAERE T AV S A
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B8 (R AT L DT B R U i S R T B ) W R 2
B P E R 2R . ek, HME. R
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RFR7RVER o 25 ARSI AT ) 1 3 2 6 LUV 40
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AW VEGY, B AT DU 3T 6 O 4
SRRV SR . Ao, BEE AR
SN A] PR SEACFIARL AR PSS, — S8 BN U AN
A ) LR R, IS TR (Colpoda
henneguyi)~ YJiEERELF HL (Cohnilembus fusiformis)-
WETE AT 1. (Cohnilembus vexillarius)~ &) @ HL
(Urosoma caudata) 358 B KW (Engelmanniella
mobilis) “FAEWE WA TFIA I, A7 Lo TF U538 [
TIRIAEE AR FrLA, XL 34T donT DUE
N A A SR SRR =B IEAh, & EEE
K (Sathrophilus  muscorum) « i [& W& J&§ H
(Sathrophilus ovatus) « & #§ i 48 4t (Cyclydium
muscicola)~ & #9842 1L (Uroleptus muscorum), 23
Bi g B B (Oxytricha acuta) ~ & ¥ i1 B H
(Keronopsis monilata) < & #§ Ui /b 1 (Euplotes
muscicola)~ ST SEWHANH (Euplotes affinis) 5% 115
A A A RO 5y HAS 52 2R S W ) A R A A T
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