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Abstract: The morphometrical variability of six natural populations of Difflugia tuberspinifera was investigated
using the statistic methods based on 374 samples from Yangtze River and Pearl River valleys. The size frequency
distribution analysis indicated that D. tuberspinifera is a size-monomorphic species with normal distribution of shell
height, shell diameter and aperture diameter. The size of spine length, collar height, foreside length and number of conical
spines are the most variable. The correlation analysis showed that most characters are inter-correlated with P<<0.05. The
shell height, shell diameter, aperture diameter, spine length, collar height, rear end length, foreside length, number of
aperture tooth-like structures and number of conical spines differed significantly between different populations (P<<
0.0001), but principal component analysis (PCA) did not clearly distinguish the six populations based on the
morphometric data. However, the cluster analysis separated the six populations into two groups, the Pearl River-Yangtze
River group and the Yangtze River group. Further, the populations with different shell characters can coexist within the
same river valley. Thus, there is a high morphological variability or diversity within the populations of D. tuberspinifera
which is related with local environmental conditions.
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Al (Difflugiidae), {945 500 2 Fh A W Ah, e lE R iE
i 90 il KA. WhrE AMARN, W R ALt
WOK LAWK, Tz A T W KRS
WOKAEE T, KRR RS RGN S5 5 T B KA
L 2/E H (Shen, 1983; Meisterfeld, 2002; Yang et al,
2004a, b, c; 2005a, b, c; Zhang et al, 2009). EH 5T
KW, AN YRR BEVEAAAE R BE 3 AT RS ),
A E S ARARSE, 10 B Ak K 28 &K AR B
FRIE S5 V)M 5%(Yang et al, 2006, 2009); 455547 57
A HUIR T 25 R AL 5 3R 05 D B A7 A — 0 B &R
(Wanner, 1999).

FHTEAS V& 5 D70 70 50 A2 HUE AR A
BE R AEH JT 45 T 20 1 22 ) (Bassine, 1929;
Hoogenraad & de Groot, 1937). BfiJ5, XIH5TH L
M FEARRAE 5 5T S 52 18] 56 2R AT 9T AR B

Leclercq, 1963; Heal 1963; Schénborn et al, 1983). it
Sk, BRI EIRCH) 2N, WA
[l E SRR ERA LA I GV R34, B e R A2 IR
XA AN 7 T e AE G L], R, 0
76 W JUEAT B AR B RERF AL e 0 o0
5Z(Wanner, 1999). Bobrov & Mazei (2004)H157 T 24
R e AL 3L, RIS AN AEAN R B 1) 47
FEZESE, T ELIR] PR (AN ) ol e 1]t v REA7AE (2.
FZES, SRR 58 A H Ok i AN TR fR AR B
RIEREA ISR

TR 58 HUE AR R A R, E S BT
SO STLR, JRan AR T, FOWE )L
76, BWHRAGIRLED T (Hu et al, 1997). J#
i e AU N BB, Bt A dOh A2 iRl AR
Y, R & R %6 U (Collotheca) AL SR 1L 56 1 g
(Conochilus) (Han et al, 2008; Wang & Han, 2008).
2004 F, Yang et al (2004a)7E i A KT i 52 A

SR TR B AR b s L, DA 384
ARIAT T Fe R E ST ML S5 s, 5
6 MAHRIFREAT T EUEL, #bse T 40k AE, AIE T
JRUG IR I8 1% . A, Yang et al (2004b)F)H X
S 28 8 VORI AL AS 22 38098 Bl et ek e R AL
AT T 08, RILSEARS 4 Nay Mg, Al Si. P,
S. CI. K. Ca fl Fe %yuz, Hrp Si ) F & Eix
B, N 57.29%; HKGE Ca Al AL 40504 13.33%
F111.56%

SRIM,  DAAE ARS8 IR0 A 52 ERT R P 58
TESFHERHATHEA , XTSRS RaE () AR
RBHEFEANERE . FOBEE Y B AR
B, WP EEA AT, AR
ORI U, ASBFSOE BRI RT B L
(1) IRE R 58 H SR BIREEAT 20 BT, 8 7~ A ] b B
HEM LA e S LA

1 #MR57%

1.1 #ARFEE

FE SRR T KAV Lt o M SV . I5iGiE
MK AR 22 KSR K)ok
B, DL RBRII) ) AR T 8 R 1K ) )
RPRIMIK (R 1) RFERT, HFLAN 64 pm 77
WA AE AR AR R 2R BT B A . bR
1 50 mL /MfSCEE, R B AT [ AR A,
(] 52 6 = WL AN 5
1.2 FHBREUER

TEAR B W AEE T R R Rk, 281K
VE3 IR, REHEBRT MR b, s R
RICAR AL HAR T8 U RS 55 35 B RS AR i &
I, EAWE4 )5, A Hitachi S-4800 %137 k441
i L WM ST AR T, I Lk 20
kV.,

x 1 ERWDFTHARE S, BERERE
Tab.1 Collection locations, dates, and sample sizes of Difflugia tuberspinifera
Tl RAEH R 2 i SRAEIT ) FEAEL HdE kU

Population Collection location Longitude  Latitude Collection date Specimen number Data source
P1 BN YT — — 1988 427 H 25 EN TS

P2 WIAETE A K 114°59E 30°52'N 2002 4 8 A 50 Yang et al, 2004a
P3 WHAEARZW (K5 KE) 114°28E  31°06N 2003 4F 7 H 102 Yang et al, 2004a
P4 TR K PR 117°09E  31°54'N 2005 4£5 H 57 ENTISEH

P5 JTRITER G FTLKEE) 114°37E  23°47N 2009 4E 8 H 70 AWF5Y

P6 JARPR I K 113°47E 23°45'N 2009 4 8 /] 70 A5
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1.3 ESHBEERITHS

4 Yang et al (2004a)[HF5E, ASCERET 9
MNESFHALAEIAT 8, lbdies. el 1
HR Fefilk, Sim. Jam. sk, Dk
FERE(E 1), N SPSS 15.0 Al STATISTICA 6.0
AR BT G0, FEIE o A IS
KL AHOROM T I 22008 B i 5K
a8 DRGSR 7K ZE e A AR S A3 R
W, W oy o3 B R ER S A i U U 4 7 A

FEANFAEAE . K Shapiro-Wilk K46 HE4T 1E S
5, MIH Pearson AHKRECHATH G R
MR 7 ARG, A R B9V (single
linkage). #2572k (complete linkage). 1347k
(unweighted pair-group average) MIBCGTZH 14475k
(weighted pair-group average). Hi.[»7%(unweighted
pair-group  centroid) « A A H O ¥ (weighted
pair-group centroid) Al B Z ~F- J5 Fl ¥ (Ward’s
method).
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Fig. 1 Shell outline of Difflugia tuberspinifera and position of measured axes used in this study
A: HTM: B: MTW: 51H Yangetal, 2004a; 1: 7éf; 2: 50HAR; 3. HHEMR; 4 5ol 5w 6. JaiK: 7. midk.
A: Apertural view; B: Lateral view; From Yang et al, 2004a; 1: Shell height; 2: Shell diameter; 3: Aperture diameter; 4: Spine length; 5: Collar

height; 6: Rear end length; 7: Foreside length.

(PR Al ICR E i TR GO
Fig. 2 SEM photographs of Difflugia tuberspinifera
A: JRIOM:; B-C: H#; DOIA: LLEl R 50 pm.
A: Bottom view; B—C: Apertural view; D: Lateral view; Scale bars 50 pm.
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2.1 FEESHFE

FOARNE R BRERH BRTE , et kR, ek
7 i A5 AR i - AS E BN B, R A
BB 2A). FHIALS, Fefk REE, DYEE
S A 3—8 sl Horb 5 56 ML,
t90.6%; ST AL T e, BB, WHZ%A
— ST NARL, 52 G N 7
—10 MACIRSSGE, Hod 8 5 9 AN L, 1 80.2%
(Kl 2B, C)o fUTHINLET, 5614 —5%, fEFeAkdR
T i B Ab oy A e gl (B 2D). seiA e, Ak
FIEESC RO, BRI AAT RER R . XL
SRR S AR 40 IR b R ~F- PR /N ALk, e R
JEREXS), R IR IR TS 1R 58 B P (M) RH 15 e L 20
FERRMYL(E 2C).
22 HEETRRH

JERD7e dL 6 A A SRFIRE AR, Fe .
FEEAR T EAR Ja BRI 355048 5 R ARG,
WH T 10%, 1% 5 NMRAFEE AR 5 R 201 S A
Y25 4.58% (3.27%—5.36%) 4.53% (3.65%
—5.11%)~ 7.20% (4.21%—10.09%). 8.90% (6.96%
—10.93%)Fl1 7.28% (5.67%—9.32%); FEHIK L 25«
FAARAC N ST R )AL e R BBORD 1K 4 MRFAIE
H AR S 2R BT EAE L2501 0 21.39% (18.24%
—23.54%)+ 17.47% (13.83%—20.99%). 16.26%
(11.04%—21.20%)F1 13.73 (9.85%—17.85%). ‘B.4K,
Fef e HEA DHAMAR S R0 .

2.3 HHEEME S

T TR e, AR AR A AR 23 AT T 2 B AR IE
SorAn, BA AR ERNEH, KR
FodUE— AN K/MEE R (B 3, B 4). XPE
WA e AP 5 s SC EARAT I BAR IE A TR 56
SRR, BR P2 5EEAE (P=0.001)A! P3 FEHAE
(P=0.010)4F, AFFRE 3 ML & IS A
(Shapiro-Wilk ¥4, P >0.01). i H, XHRB#>5E
d6 ANFIRERTE AMAR e e AR H HARUT
IEAHARR, 4R R 3 A FEREEIMF G IES
434 (Shapiro-Wilk 4%, n=374, P>0.01).

24 HEXSHER

T R 7 R e AR R AR 2 () A7 A5 AN [R) R BE (1)
FRKR, Hhsim 5 BRI REEm R, A
0.665; {HZF 58l AR A W2 . AR
TR O B AR el Sim . D, sell%)
5 AR AEAE 2 R R AR OC RS, AN I 0.320
(£ 2).

25 AESHER

JRRAD e B 9 ANRFAE B ZE PR (i) A7 /A 0t 2% 22
Ft (P<0.0001), i, KITHIKK P4 52554
KA PR R, P2 AR, P3 SEfiK 10
RO BRVLUR R PS5 A1 P6 56 AR AN 72 il $i i /N (1K
5).

AN FEERHEE ST A S EAR O B 4
AN 94—129. 94—125 Fil 39—64 pm, FHH 94%
AMAFE F YA 114 (1£10%) pm; 97% MAFE H
#h 110 (1£10%) pum; 84% MEITEHEN 53

® 2 BEREEBRESRITFHEEZ BMEXRY

Tab. 2 Pearson correlation coefficients between morphometric characters of Difflugia tuberspinifera

FE FHRE AEf Fe Rl i JERISIS CIEZSN % FeREL
SH SD AD SL CH RL FL NT NS

7o SH —

SeH % SD 0.665%%* —

H /% AD 0.312%** 0.303 %% —

el K SL 0.282%*%* 0.161%* 0.070 —

#Hif CH 0.083 -0.011 0.008 0.216%%* —

JREK RL 0.589%** 0.487%%* 0.186** 0.230%**  —0.045 —

A #AK FL 0.357%%* 0.211%%* 0.121% -0.091 —0.222%%%  _(.490%** —

HiA%NT 0.198%%* 0.246%%* 0.224%** 0,058 —0.148%* 0.185%* 0.024 —

FEHIEL NS 0.173%* 0.212%%* 0.052 0.320%** 0.098 0.176** -0.002 0.118* —

*P<0.05, ¥**P<0.01, ***P<0.001. SH: Shell height; SD: Shell diameter; AD: Aperture diameter; SL: Spine length; CH:- Collar height; RL: Rear end
length; FL: Foreside length; NT: Number of aperture tooth-like structures; NS : Number of conical spines.
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Fig. 3 Histograms showing the size frequency distribution of shell height, shell diameter and aperture diameter
of Difflugia tuberspinifera from six natural populations
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Fig. 4 Histograms showing the size frequency distribution of shell height, shell
diameter and aperture diameter of Difflugia tuberspinifera (n=374)
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Tab.3 Factor loading, eigenvalues and contribution percentage of the first
four principal components in Difflugia tuberspinifera

F 4> Component

A48 Variable

PC-1 PC-2 PC-3 PC-4
FiF Shell height 0.820  -0.046  -0.258 -0.298
FoEf% Shell diameter 0.798  -0.188  -0.167 -0.360
FTE4% Aperture diameter 0530  -0314  -0.304 0.536
FoHlK: Spine length 0.481 0.583 0.219 0.070
HiH Collar height 0.118  0.820 -0.453 0.353
1440 Number of aperture tooth-like structures 0.439 -0.444 0.443 0.420
4% Number of conical spines 0.448 0.419 0.581 -0.028
HEHEAH Eigenvalues 2.229 1325 0.974 0.813
TRk # Contribution percentage (%) 31.845  18.925 13911 11.612

ZF 5k Cumulative contribution percentage (%)  31.845  50.769  64.680 76.292
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Fig. 5 Comparative morphometric data of Difflugia tuberspinifera from six natural populations (Mean =+ SE)



4 KRG A Z YIRS 72 A BRI KB &R i 441

76.292%, fReLrA REZHUELE, B HAHEr 4 4
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B, RO D e Bt 6 ANFIEFZ K 2 B RSB FE — i,
e LA RO X 3 2 AT 6) 0 Xk — A DA SR
W5 UEAR — AR /D E ], & —AN K/ g
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Fig. 6 Plots of principal component factors 1 and 2 for
Difflugia tuberspinifera from six natural
populations (with 95% confidence ellipses)
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Fig. 7 Cluster dendrogram of Difflugia tuberspinifera
from six natural populations based on
morphometric data
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e FE R R LM, e ELAR )
AR S, BT R/NZ AR, BIER RN A
A2 AMRER E RG], B2 R DRI
2 f%LL L (Foissner & Korganova, 1995). kAT
FERW], IR 58 U — AN R /ME E I SRR A

Je BIRD 5 eV ELAR I AR o RAEUK T e m o
FARIA8 5 2. Bobrov & Mazei (2004) A K, 5
Fom ST HACAHEL, T EARR A 578 A 2 1138 7 R AL
m R, PROA 7 HE A e AR 5 A SR
Fefl ) 32 BRAT, 5T R/NRAR 5 SN H EAAOR A
B i@ N o XA 4 SR — 8 . {H Ak
IWEFER 12 s didy, B awbselt (Difflugia
lithophila) &k, HAth 11 b7 iy 1 42738 e R AL
I A 53 I BARAR S REOK . RIS s
AR RN, WRe S ER AR, Bl
SR e i e e L, AR U Z A S AW
(Han et al, 2008), [ B 42K/ E 2 AT 08 AL 3
FF st e, T H EAA AR TR R
oy, B EARE R WA T dOARHAE S A )R
5,

T WD e HURG AR (B LR (R A7 A il 2 22 5
H i — BB ST ARNF AR AR [A] (R AH OC R BURAR, A5 1
BAR. Fefl, Silm . D BRse il g, ef S
e ARF AR TA) (R AH DG R B AT 0.320 (R 2). X
— g RN, XA AR AN AT, AR
e ARF AR R AR AT 0 25 AR A, IXMURe P T e 2 TR
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b 58 HUE N IR 1) —Fh o7 2, A2t B 52
N IR AR A, o] DUIE G SR AR A —
FEJE A AR ok G N . X Bobrov & Mazei
(2004) R WL s — 20, RIAT FE A AL AN 2T L Fe A i
SRS Dy N1 04 N T(TD5 1 5 0 R O S P < B L N
AR e ST PR B IR 3G N, I AR AR () (1) J
ZE 5

32 WESHEESHE

24, bR TAET BRI b e b, A&
R WARTE o I8 Bl 58 O R PR A B, AR K
Al K AST A R, ABTEARPR AR I T 7K 2
B AREERE, 2B LS Hu et al,
1997; Yang et al, 2004a). i, KT HOE RIGMIT
Ayt R L2 44(Qin et al, 2007). Pk, 87k
Wb FE U ) V2 A TR . ) LA 55
R, AEIRVL U AT P T Ui 38 R R kA 7
KEAFAE. (HA, FEBRYT i rd BV LA |
We VLI KA AT RN, H P s IR R r] fig S
TR e i B TS5 5T A AH DG (Yang et al, 2009) .

JE M e HUR SR A8, AEF— KR 5T
Y. Yang et alQ010)0 HhEk =M (Rt Jbtl. 7H
i) HiL X A 72 A 2 B4 T[] & I R R LU A, A0
ZFEPE B A SR S AR ORGSR,
T 2o A ARG, BRILURBLE 2 AN
(7R JT SR AN ZR IR T K R ) Se AR AH AT /N T
ARERC L, R e ik
VLU 4 DMFORELLAC S 2%, B M S VLRI b iE
MK E BRI 5 BRVTOK R ERAE i, W16 2238
IR A K 2R VR AR AR ORI PR — 3. 2
IR, AUEE SRR /ANFIK ZR 10 22 AN 2 DAA R I ik
b7 P HL BE 2 AT S SR, 0200 7% G A4 KA s ) e 2
FrE . Pk, DASAESHESET R ATLH
VER P E S —RIK &R, HAT L BRI 25 AH 8] 43 A1
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