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Abstract This paper reclassifies 48 species of Pseudoschwagerina previously reported from South China. The
measurements of the length, width of the shells, form ratios, radius of the proloculus, number of inner tightly-coiled
and outer loosely-coiled volutions are entered into a database for quantitative analysis. Some holotype specimens
stored in Nanjing Institute of Geology and Palacontology, CAS have been re-measured. All species are projected
onto a 3-D map using the software Grapher to show inter-species distances. Two groups can be recognized. One
group is characterized by having fusiform to long fusiform shells, strong septal folding, and a form ratio greater than
2.0. The other group is characterized by having subspherical or thickly fusiform shells, weak to strong septal folding,
and a form ratio less than 2.0. A further comparison of the inner volutions as well as the length of the shells of all
species is made. Our analysis shows that species with longer shells usually contain long fusiform to fusiform inner
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shells and have less, normally 1-1.5, inner volutions, whereas those species with shorter shells contain short fusi-
form to subspheric younger shells and have relatively more, usually 2—4, inner volutions. Therefore, four and five
subgroups are recognized in the first and second group, respectively, based on a comprehensive evaluation of the
features of the younger shells, the size of the proloculous and the length of the shells.
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R A FL ¥ W Pseudoschwagerina F) f& 3 Fp J&
Pseudoschwagerina uddeni (Beede et Kniker), Dun-
barflISkinner (1936)7E & . iZ &R A NE BA W N
FkaEr A—ANEOER. SMEOER. K
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2 Pseudoschwagerina 2 250 i) £ B4s
fiE Jont B

i 6 AH O% SCHR B A AR R, BRI
Pseudoschwagerina®p 3511 LU N 48%: Pseudoschwa-
gerina texana Dunbar et Skinner, 1937, Pseudo-
schwagerina broggii Roberts, 1949, Pseudoschwa-
gerina cheni Kahler et Kahler, 1941, Pseudoschwa-
gerina convexa Thompson, 1954, Pseudoschwagerina
extensa Kahler et Kahler, 1937, Pseudoschwagerina
fusiformis plicata Scherbovich, 1949, Pseudoschwa-
gerina fusulinoides Schellwien, 1908, Pseudoschwa-
gerina fusulinoides exilis Chen, 1934, Pseudoschwa-
gerina kozlowskii Dunbar et Newell, 1946, Pseudo-
schwagerina leei Kahler et Kahler, 1941, Pseudo-
schwagerina longlinensis Xia et Li, 1987, Pseudo-
schwagerina needhami Thompson, 1954, Pseudo-
schwagerina rhodesi Thompson, 1954, Pseudo-
schwagerina subconvexa Shi et al., 2009, Pseudo-
schwagerina truncata Rauser-Chernoussova, 1949,
Pseudoschwagerina xichangica Zhang, 1982, Pseu-
doschwagerina aequalis Kahler et Kahler, 1937,
Pseudoschwagerina aktijubensis Rauser-Chernoussova,
1949, Pseudoschwagerina beedei Dunbar et Skinner,
1937, Pseudoschwagerina beedei Dunbar and Skinner
var. uralensis Rauser-Chernoussova, 1949, Pseudo-
schwagerina ciwuensis Zhang, 1982, Pseudoschwa-
gerina confinii Kahler et Kahler, 1937, Pseudoschwa-
gerina crassispira Wang et Qin, 1982, Pseudoschwa-
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gerina dallmusi Thompson et Miller, 1949, Pseudo-
schwagerina elegans Kahler et Kahler, 1941, Pseudo-
1982, Pseudo-
schwagerina elliptica Chen et al., 1991, Pseudo-

schwagerina ellipsoidalis Zhang,

schwagerina farcimiformis Xie, 1982, Pseudoschwa-
gerina fornicata Xie, 1982, Pseudoschwagerina fusi-
formis Krotow, 1888, Pseudoschwagerina gerontica
Dunbar et Skinner, 1937, Pseudoschwagerina mi-
haranoensis Akagi, 1958, Pseudoschwagerina minuta
Chang, 1963, Pseudoschwagerina minutaeformis Da,
1983,
1915, Pseudoschwagerina muongthensis (Deprat) var.

Pseudoschwagerina  muongthensis  Deprat,
rossica Rauser-Chernoussova, 1949, Pseudoschwa-
gerina neotruncata Shi et al., 2009, Pseudoschwa-
gerina nitida Kahler et Kahler, 1937, Pseudoschwa-
gerina ovata Da, 1983, Pseudoschwagerina primigena
Rauser-Chernoussova, 1949, Pseudoschwagerina tur-
bida Kahler et Kahler, 1937, Pseudoschwagerina ud-
deni (Beede et Kniker), 1924, Pseudoschwagerina
uddeni (Beede et Kniker) var. russiensis Rauser-
Chernoussova, 1949, Pseudoschwagerina zhongzani-
ca Zhang, 1982, Pseudoschwagerina ishimbajica
1949,

ishimbajica Rauser-Chernousssova var. falx Rauser-

Rauser-Chernoussova, Pseudoschwagerina

Chernoussova, 1949, Pseudoschwagerina linwuensis
Zhou, 1977, Pseudoschwagerina intermedia Rauser-
Chernoussova, 1949, A1, P fusiformis, P. fusiformis
plicata, P. beedei, P. beedei uralensis, P. uddeni, P
uddeni russiensisiX 6/ \NFH(IEF), {H#5E(1997) 4
X HHEAT T ST M E, R BURBRP. fusi-
formis plicata, P. beedei uralensis, P. uddeni
russiensis, A SCRANZ I T R .

AR AT bR A 1) 8 VI L 1 W 0 o 4

(BFERK. 7%, . B, NEEETE
. o TR, RREERIGIAEE KB, A
SCRE TR Bl ) TE AR AR A% 2048 18 3 Grapher 4K Ik
AR ZHAG R =4 Eo T B
ot e, FAX. Y. ZRORIER A ) 12— IR
W ZRTANSH . BRI ITA SR AH
Ga, mHIXER L mEREYIE. 5T X014
MSHAT IR (B . EAAFRBIH) S5 R/ il
R BB aAh, RN,
R AT N LR =R

1) P. texana, P. extensa, P. fusulinoides, P. leei,
P longlinensis, P. needhami, P. neotruncata, P. sub-
convexa, P. xichangica;

2) P. elegans, P. nitida, P. farcimiformis, P. mi-
haranoensis, P. minutaeformis, P. linwuensis, P.
turbida, P
ishimbajica, P. ishimbajica falx;

muongthensis, P, zhongzanica, P.

3) P broggii, P. cheni, P. convexa, P fusu-
linoides exilis, P. kozlowskii, P. rhodesi, P. truncata,
P. aequalis, P. aktijubensis, P. beedei, P. ciwuensis, P.
confinii, P. crassispira, P. dallmusi, P. ellipsoidalis,
P elliptica, P. fornicata, P. fusiformis, P. gerontica, P.
minuta, P. muongthensis rossica, P. ovata, P. primi-
gena, P. uddeni, P. intermedia .

H 35— ZREXNPIE, B=REMEMN
BRI I, & o3 A5 i RS A X AN B
TR R T IR s, T AE S 8 5) 23 dr
oh, ANl A A R T RS ) R A 2 DA
A AT, WO A 2738 i JE R e (R ). BREEL
U B EHE LSRN, FL AR T R D TEARORT R R A
o MARIBEIRG, H=REE5—. ZRE™4E
oy A, o RWIEATHH N B

®1 RIEBREIBEINAERBH th#IRERIR

Table 1 Other data sources used in this paper in addition to the holotype and paratype specimens
HHERIR fh 44
FKI#(E 4, 2010 P. extensa, P. ciwuensis
Chen, 1934 P. fusulinoides

ik AT, 1993
A 2012
H R R, 1986

P. fusulinoides, P. zhongzanica, P. elegans, P. nitida, P. aequalis, P. minuta, P. aktijubensis, P. intermedia, P. primigena,

P. ciwuensis

P. zhongzanica, P. nitida, P. elegans, P. aequalis, P. aktijubensis

P. cheni
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Fig. 1 Projection of holotype specimens

X: WIEAME(mm); Y: fi%; 2. S, BRAREAER BK (mm).

X: diameter of proloculus (mm); Y: form ratio; Z: number of volutions R: length (mm). 1. P. texana; 2. P. broggii; 3. P. cheni; 4. P. convexa; 5. P. extensa;
6. P. fusulinoides; 7. P. fusulinoides exilis; 8. P. kozlowskii; 9. P. leei; 10. P. longlinensis; 11. P. needhami; 12. P. neotruncata; 13. P. subconvexa; 14. P.
truncata; 15. P. xichangica; 16. P. aequalis; 17. P. aktijubensis; 18. P. beedei; 19. P. ciwuensis; 20. P. confinii; 21. P. crassispira; 22. P. dallmusi; 23. P.
elegans; 24. P. ellipsoidalis; 25. P. elliptica; 26. P. farcimiformis; 27. P. fornicata; 28. P. fusiformis; 29. P. gerontica; 30. P. miharanoensis; 31. P. minuta;
32. P. minutaeformis; 33. P. muongthensis; 34. P. muongthensis rossica; 35. P. nitida; 36. P. ovata; 37. P. primigena; 38. P. rhodesi; 39. P. turbida; 40. P.
uddeni; 41. P. zhongzanica; 42. P. ishimbajica; 43. P. ishimbajica falx; 44. P. linwuensis; 45. P. intermedia.

2.1 WE—RERESHHTLERE

B KRB EERER R, SMENY
Y B K YT, MR 2 K T2.0, BRBERE A ER.
1 T L8 1) 1E SR ) A5 A AR B P CE AT Grapher
B (B2, firREBEMISEIMERE, TH). #
ik S FEE SRR AARPAE,
HZERRK, BAEX WU, &ERHK
SO T W55 KNI A A R ) 7 Pl 5,
FLBE R RA) th = ANk

1) P. texana;

2) P. extensa, P. fusulinoides, P. subconvexa,

3) P. leei, P. longlinensis, P. needhami, P. neo-

truncata, P. xichangica.

2.1.1  SF—NEEARRTEL
Pseudoschwagerina texanah/™MAEE K(10-12
mm), FeHKEH2.6-3.5), V1 K(GMEL0.2-0.4

mm) [P RFIE T 5 86— R SR AR R AR X 51 . & 1R
BERE 4 om F, TR A S—-618, N ER2.5-4 k5 K,
B Jo IR s, eEAAE N R F -

2.1.2 TN EEVARRTEE

B NRE EERENMEROR, RIBEK,
#97-11 mm, #%2-2.5; YIHEECK, £0.2 mm; %))
FoRIHUEUD, 2318, RYTHEY; FREERE AR, e
BTHENEKE

B UL B 2 A BRI 22 0T LUR Y, P
Susulinoides) il ZAZWIE FE AL T P subconvexatll
P. extensa, —HW5eR K/ V155115 K bR EERS
G TR R BRI AL, 5T RO Y R
LA 2N, RRH B R, AR R A 5T 2
Je PN B 5 P vy 2 X6 X 3N b dh AT 4 ) 3 AT (B13), 4
RER=FEFR—BREXIEINP fusulinoidesi) &
fEIXIA], BAF R N90%), MHERET, BB =3 25|
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Fig.2 Projection of the type specimens of the first group
X: #1Z;Y: ¥1554ME(mm); Z: 5et(mm); BRIKF4E R WEISH .

X: form ratio; Y: diameter of proloculus (mm); Z: length (mm); R: number of juvenile whorls.

®2 B RETPEUATRORSHIENLL

Table 2 Comparison of morphological characters of the second subgroup of the first group

TE A HFAE P. subconvexa

P. fusulinoides P. extensa

BT R 5-5.5

BGETEAR YiHETY, % 2.3-2.5
FRFER N £ 7.17-8.98 mm, % 2.86-3.84 mm
4 7¢ el 2 2-3
TN JiHETY
W5 RN %] 0.22-0.24 mm
I B 4 A [X 5 2 K8 4
e B B P P ik 41 ) T
i Py P 2

6-7 5-6
YR, AL 2-2.4 iR, B 2
K 9.5 mm, % 4 mm K 8.65-11.16 mm, % 4.3-5.6 mm

2.5 2
Biki3i2 Bik:312
£ 0.25 mm £ 0.14-0.29 mm
LG LG
74 P v 41 e 74 P v 41 e
WK EH WK EH

BUN, ELAX 7. RN =2 R AR, #TEHER T
TERGERE AL, a2 e, Eutk
P, extensatP. subconvexaJ4 \P. fusulinoides .

2.1.3 FE=/PNEAAMFTEE
N Y (S DA NN e S S N | 5/
£15-8 mm, 5% 1.9-2.5; ¥55/N, £0.1 mm; %5%
Bl %24, RYiERKYTEI,; BRRERE R .
HR3T LG, P longlinensis ] [ BE RE 45 fi

NRERR, B 5 P RR BE R AT RS BLIR, 5 L
Pseudoschwagerina® AN ARIE], R— AL F
LA VY MLE TR AT B R /NS5 07 TR AR AL, P
needhami () H] Ji3 A7 R0l 22 048 S 90 B B0 5 1 G
flt =AFh, TEETEAA RN FREERESE. IRR KA1
FE . B R E D e s AN ZE . Rtk SR
FoR. MREERRSL. e K EREE . WIEHIZ L K&3—6
el 57 B v 2 A D S AT F A (Bl 4) . 45
BIRIXANMAZEECKR, ST X5, RBSLRl.
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Axis 2

K3 Xf P extensas P. fusulinoides 1 P. subconvexa (¥ 37 5 #t
Fig. 3 Discriminant analysis of P. extensa, P. fusulinoides
and P. subconvexa

W5 KON P oextensa, 4154 P. fusulinoides, 2354 P. subconvexa; FEAS
oy 203 02 MR 90% ) BLAE IX (1 (W R B L AR & Fp, T
[); Axisl J7 ZfFREHR AN 63.63%, Axis 2 J7 ZRIEHEN 31.74%.
Blue dots represent P. extensa, red dots represent P. fusulinoides, and
black dots represent P. subconvexa; numbers of specimens are 2, 3
and 2, respectively. Elliptical area represents the 90% confidence
interval; explained variance ratio is 63.63% for Axis 1 and 31.74%
for Axis 2.

Axis 2
w o ©
éfﬁ

r T T T T
-40 -32 -2.4 -16 -8_3_ 8 16

64

-9

Axis 1

K4 Xt P leeiv P neotruncata. P xichangica FI P. needhami W75 Kt
Fig. 4 Discriminant analysis of P. leei, P. neotruncata,
P. xichangica and P. needhami

W MNP leei, ZLE N P neotruncata, /5N P xichangica, %% 5N
P. needhami; FEAKLSM 519 3. 2. 1 A1 6; MR 90% ) B A5 X 1),
Axisl 77 ZMRRERN 56.20%, Axis 2 77 ZERER Y 36.01%.

Blue dots represent P. leei, red dots represent P. neotruncata, and black
dot represents P. xichangica, and green dots represent P. needhami; num-
bers of specimens are 3, 2, 1 and 6 respectively. Elliptical areas represent
the 90% confidence interval; explained variance ratio is 56.20% for Axis
1 and 36.01% for Axis 2.

R3 B-RE=Z PR ATRRISHELL
Table 3 Comparison of morphological characters of the third subgroup of the first group

AL P. longlinensis P, neotruncata P. xichangica P, leei P. needhami
R 6.5 8 6 6-7 6-7
RAETEAR ERGEETE, PIARELR; YT, FRISR; iFRTE, YT, B 2-2.8,
WK 2.14 Hh# 1.97-2.1 R L) 2.36 W& 2.3-2.6 P E 2.3
FRFE RN #5.73 mm % 2.68 mm £ 5.94-6.11 mm, £ 8.20 mm, K 5.3 mm, £ 5.3-6.9 mm,
% 2.91-3.09 mm % 3.47 mm % 2.4 mm % 2.1-3 mm
#))5% P 5L 3 2-3 3.5 2-3 4
FIBTAIZ2IN YT ik 3 K Y548 JiHETE, fh% Uik 3
23-2.6
LI pNGN #] 0.08 mm #5 0.09 mm 4241 0.08 mm £ 0.08-0.13 mm N, #0.115-
0.165 mm
FREEREAY  BR, 2B S P RRmEERE AL T R 1 8] 6 0 ) 8 4 Pl 58 [, AE P AR A THI 55 FRE 4, Ao, FBAE
L= TRN FRHEL P AR BN R 38 B A
e i JEL R P B A R P B A1 R P [ 7 1 ) P B 41 R P L A1 I R
Py NEEH AN, LT EE AN, TP EE NEEH P Bl B T
A1 Bl A2 TG

2.2 MEZARERSHISKEE

9 T RILAR ) LB 7o, TR
YT, R 2/E1.2-2, RRERESEESS. KX —
K P A A bR A B4 38 1 Grapher %5 (1415),
WA 52K, 055 K /N P B 5 2 11 5 Pl s 2
RN =AM

1) P. farcimiformis, P. miharanoensis, P. minu-
taeformis;

2) P. linwuensis, P. ishimbajica, P. ishimbajica
falx, P. elegans;

3) P. nitida, P. muongthensis, P. turbida,

P. zhongzanica.

2.2.1 H—/PEMEMR

H X — /N R = AN TSP 3 BRE A 5T
TN - ERTE, MERL1.3; Y15 K, M2
£70.2-0.6 mm; MEEK, 296-9 mm; 5clE £,
X458, #)egi - BRy, X1-1.518; BgEE
RGNS o S TEAME AR A F R a0 R

B UL B0 S B R W EE T LR H, P mi-
haranoensisWITEA . K/, FlEE. 452 B 2FTE
SU kW HERIMERHEREOAEE T
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Table 4 Comparison of morphological characters of the first subgroup of the second group

TE A HFAE P. minutaeformis P. miharanoensis P. farcimiformis
[EE 45 445 43
FFETEAR LRI, HhEe 137 YRR Y, 3 1.36 ALY, % 1.39
5 RN oK 6 mm, T 3.47 mm, K 6.39-8.8 mm, % 4.05-5.3 mm K 7.25 mm, % 5.2 mm
IR 1 1-1.5 1
FAITWIZIN bli= i iKY LR, PIRRBR
B1J75 K/ K, #50.35 mm K, 4t 0.25-0.6 mm K, AMEZ) 0.53 mm
I B R 4 R AR A 55 P PNER e 59, A e R
e B 5 P P ik 41 ] T P P ik 41 ] T P Pk 41 ) T
ies N, KA N, KA RT3 3
Y
32
N
28 2
x
b
24 “
P )
2 g 4y \
-
16 a
Axis 1
12 3 30 . - . . .
B " g, N K6 XIP farcimiformis. P. mzhara{menszs
5 P, minutaeformis ) 53] 5 Bt
es, 8 Z 08 Fig. 6 Discriminant analysis of P. farcimiformis,
¢ 5 . ) 03 2 (mm) P. miharanoensis and P. minutaeformis
[E
o 7 . o W5 SN P miharanoensis, 2 55N P minutaeformis, 41 5CNP. farcimi-
X (mm 0

5 TR A B SO
Fig. 5 Projection of type specimens in the second group
X: Fef(mm); Y: WEIEH; Z: ¥1554ME(mm); BR{E¥:1% R: FREERE
EIEIEENES
X: length (mm); Y: number of juvenile whorls; Z: diameter of proloculus
(mm); R: degree of septal fluting.

P. minutaeformisF\P. farcimiformis, X e & &
R BERB ARG 2200, DR e FREER 4k &
T2 B % % 5 P 1 v B8 56 3 34 gk AT 4 1) 4 #fr (]
6), 4 RLINP farcimiformisse— NRSLIIF, TP
minutaeformis P, miharanoensis 7= ME /), HELLIX
gy, HMAF R AL A AT, @& WERR P

minutaeformis, YA \P. miharanoensis

2.2.2 BTN EMFMNITEE
IXRTEASFh B 32 R AR A 52 T AR 95—

Sormis; FEAKG HIAT VAL MR 0% 15 X [A]; Axis 175 22
B2 978.64%, Axis 277 2 R B2 916.05% .

Blue dots represent P. miharanoensis, black dot represents P. minutaeformis,
and red dot represents P. farcimiformis; numbers of specimens are 7, 1 and
1, respectively. Elliptical area represents the 90% confidence interval; ex-
plained variance ratio is 78.64% for Axis 1 and 16.05% for Axis 2.

L, BELA1.2-1.5; HIHEEKR, HMEZ10.2-0.4
mm; MEFEE, 44-6 mm; FEEEHAE, 5.5-6.5
W, 4y LAY, 1X1.5-208; RREERE 98
55 o

HH L B4 i S B R R 2 ] DU Y, 3X 44
P B il 2R 0 K /N 1 AR Ak VS B OR B 55 AR P
ishimbajicalP)E WG HE P, 7B #1055 K/ K BE
BERR A N BB LA AN ARL, HeR K B R &
BENBRIEESNA 25, FIRHREKEE
J5E e S5 P B 1) A 25 X0 3 4N gk AT ) ) g (I
7), & REIRP linwuensisFP. elegans 7= %/
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TS5 FIZREDNERUATBFSHEHEXTEE

Table S Comparison of morphological characters of the second subgroup of the second group

PSR AE P. elegans P. ishimbajica P. ishimbajica falx P. linwuensis
5 P 5.5 6 5.5-6.5 5.5
B TEAR ERRTE, HhE 1.26 Y-, W% 1.2-1.5 LRI, HhE 12-13 WY, Hi%esy 1.2
Mk K 5.5-6mm, % 5 mm £ 4.2-6 mm, 3 3.44.5mm ¥ 5-6.7 mm, 7% 3.8-4.5 mm ¥ 5.72 mm, % 4.76 mm
455 [ % 1.5-2 2 2 2
HFe IR ik 317 it 317 it 317 454 T
) PNGN %5 0.2-0.3 mm %) 0.25-0.39 mm ) 0.3-0.42 mm %) 0.3 mm
I B 45 55, AR 55 LED] A1 P4 i E T 1
JieBE P P 41 ) 74 B v 41 e T P P ik 41 ] T P Pl A S
ik WK E N, FEWH N, KA N, BEEHA
Fzo ZRE=/NEUWATMRSIFESTEL
Table 6 Comparison of the morphological characters of the third subgroup of the second group
TE A RHIE P. nitida P. turbida P. muongthensis P. zhongzanica
e 1 5 4-5 6-7 5-5.5 5.5
FRFETEIR IEERTY, A%y 1.2 JREATE, B 1.2-1.7 YT, M%) 1.4 YRR, %L 1.32
BRI £ 4 mm, % 3-4 mm £ 6-9 mm, % 5-6 mm £ 5mm, % 3.5 mm £ 5.00 mm, % 3.77 mm
Ak 2 2-3 2-3 2.5
HFe IR eI ik 317 itk 314 K Yy -G Y
IV PNGN #)0.12 mm /N, HMEZ 0.08-0.12 mm £50.15 mm 0.12 mm
I B 45 (pEs] BI§-h 5 MR, S 55 JUEFH
JieBE JE P P ik 41 ] T 74 P v 41 e P P 41 ) 74 P v 41 e
iy AN, WL PR N, LA R FREEA, B8R N, L R
(HBTE P, elegans 1B E XN, BIEEN90%), 4
Gy X4y, PR R AL A AH T, WA Dy [E]
P. ishimbajica F1 P. ishimbajica falx & & 504 7 FE A
o K, HMEZIEA XA fi&inzEm, G#EiasR
2 8° & 4

Axis 1

Kl 7 Xt P linwuensis P. ishimbajica falx P. ishimbajica
P. elegans 135 53 Kt
Fig. 7 Discriminant analysis of P. linwuensis, P. ishimbajica falx,
P. ishimbajica and P. elegans

WRN P elegans; FEAKUI A 1. 1. 1 F0 45 HHIEAREE 90%[ B 15
X [8; Axis1 75 Z fB R 569 87.80%, Axis 2 )7 BB 31 10.64%.
Black dot represents P. linwuensis, green dot represents P. ishimbajica
falx, red dot represents P. ishimbajica, and blue dots represent P. elegans;
numbers of specimens are 1, 1, 1 and 4, respectively. Elliptical area rep-
resents the 90% confidence interval; explained variance ratio is 87.80%
for Axis 1 and 10.64% for Axis 2.

T, DRl B I A

2.2.3 FEZ/PEAVAMRTEE

TR B, BR 1.2-1.7;
HIBEHUN, 4MEZ) 0.1 mm; MEARZE_K, 245 4-9
mm; ZhFK YRR, 2-3 [l FREERE 4
(BEEP

 PA B R BRI 2 v] LA, X 44
Foft 1) Bl 28 R0 4 5 R /0N 1 A8 Ak 3 TR K B0 5 72 P
turbida W, HK/IN, ST, G RKERE, BREE
rEa KBNS ER, FIRHEK,
Fove, TR, EH R TR KRS N B R
XX 4 ANFEATH o e (B 8), SR EIRX 4 4
P ZE IR, REATH Tl
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< -180 -150 -120 -90 -60 -30 30 0e %
L] -4 0.1 9
-8 4
12 . )
161 02 O -
\ @
-20- 0.25 % 4 m’.;
ﬁ 1
Axis 1 0.3 o & ﬁ\ ,Q
0.35 20 D Q.m
Kl 8 Xt P muongthensis. P zhongzanica P. turbida F P nitida J) 553 Ht 04 a— o
Fig. 8 Discriminant analysis of P. muongthensis, P. zhongzanica, 0
P. turbida and P. nitida 45 P> . ;ﬁ
B SN Pomuongthensis, 2% 55N P zhongzanica, 41554 P. turbida, ¥ i D20 105
Yy 32 Ny N = P A
SO P nitidas BEAHOY R 1. 4o 1A 35 BBCE O0%H0 B (51X <= =
Axisl 77 ZEfRRER N 67.57%, Axis 2 J7 ZE MR 31.65%. &, Az
Black dot represents P. muongthensis, green dots represent P. zhongzanica, X (mm) 12 o (5

red dot represents P. turbida, blue dots represent P. nitida; numbers of
specimens arel, 4, 1 and 3; Elliptical areas represent the 90% confidence
interval; explained variance ratio is 67.57% for Axis 1 and 31.65% for
Axis 2.

2.3 MEZREWHAKEITEE

= RBIMRE A T 28 — 558 Z KK ],
VFZ RS — . ORI, B R —
SR, SEREM S — Z REE
JE Ji BRI RO EE o

W =R B P b BB AR A Bl i 3 Grapher
B2 (E19), RAEFEA HI55 K/ R EERE 4 A0 P
A1 58 B K 48 7 N BL R AN R

1) P. aequalis, P. crassispira, P. minuta,
P. rhodesi, P. ciwuensis, P. confinii, P. ellipsoidalis,
P. fusiformis, P. elliptica, P. ovata,

2) P fusulinoides exilis, P. broggii, P. cheni,
P. convexa, P. kozlowskii, P. truncata, P. aktijubensis,
P. beedei, P. dallmusi, P. fornicata, P. gerontica,
P. muongthensis rossica, P. primigena, P. uddeni,

P, intermedia .

2.3.1 5 /NREAGNRS L

X — R E R N g Y, MR Y
1.4-2.1; ¥153/h, #10.05-0.19 mm.

K10 FIERA 5 R /N AT A0 I 6 HoA 3 7] 55,
DAL Lo 4 i ) R R s (R G, SRR, AR,
FORIE, el s, BREERE A, R K EREE,
B N B IR il 22 2R AT H 0 20 pr (B 10), 45 5R BoR
P. crassispira, P. ciwuensis, P. ellipsoidalis'5 HAhF

9 = R RBR A B Y ]
Fig. 9 Projection of type specimens in the third group
X: FA(mm); Y: ¥IEAME(mm); Z: BREER L, BR{AEZ R AR
H.
X: length (mm); Y: diameter of proloculus (mm); Z: septal fluting;
R: number of juvenile whorls.

Axis 3

Axis 1

10 H=REHE—/PNEHR 5 Hr
Fig. 10 Discriminant analysis of the first subgroup in the third group

SN P crassispira, $k55N P ellipsoidalis, 41354 P. confinii, W
N P. minuta, %% 53N P. rhodesi, ¥ 5.8 P. elliptica, ¥ 5N P. ovata, &
RN P fusiformis, K154 P ciwuensis, K5 5N P aequalis; ¥R
B 1L 15 24 34 44 24 13 20 SRS, MBI 90%H B 1% X [H]; Axisl
J7 E RN 61.04%, Axis 2 17 ZRFERN 19.75%.
Black dot represents P. crassispira, green dot represents P. ellipsoidalis,
red dots represent P. confinii, blue dots represent P. minuta, purple dots
represent P. rhodesi, pink dots represent P. elliptica, yellow dot represents
P. ovata, orange dots represent P. fusiformis, gray dots represent P.
ciwuensis, and brown dots represent P. aequalis; numbers of specimens
arel, 1,2,3,4,2,1,2,5 and 5, respectively. Elliptical areas represent the
90% confidence interval; explained variance ratio is 61.04% for Axis 1
and 19.75% for Axis 2.
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ZERER, AL R, X HRTA R T —
) 273 o B A b, G5 R BIRP. rhodesif
PSTHIFR; TP aequalisFIP. minuta BAE X 0] B F
HE, HBEMN AR OMEIHARIET, RER
INAP. minutaff)FREUN, FREEFE, W LUNIET#
DX, 2B A 9 BVF AT RAOR B AR D I I A7 7E,
BUP. aequalis minuta. P. confinii, P. fusiformis,
P. ellipticall . P. ovataft W R B AR IE, VY35 5eik
KNI, #7E6-7 mmZci 4y, SEREE, W55 K/,
B R AR AR, HP fusiformis i) W3 AR A
K, FIEH HAb LM A A E, B W AR R —
AT A, R JURRIA Oy —Ff, % B8 A 44 1A
Jed, VANP confinii.

TEIX—/NEH, P rhodesi, P. crassispira, P. el-
lipsoidalis, P. aequalis, P. aequalis minuta, P. fusi-
SormistETEAS B 2HGTHETE, V5N, B RERE 9%
FEEMS, MR E-K, 25e2-30, RHES
TORBEZ/NEMFE, BEATHANE ZREH=
AN IR R LA S TR RE =N KRR

=7

4N HEAT 3E— 25 ) 5 2 B (B R e K, 52
B, A, SRBElEE, BERKERE, 4%
=, B 2R RER, XU MENHAES,
BEESH R, oo, JIAEA FE
il

AR, X —/NEFRIP ciwuensis ek K/
&, R 1.8-2.1, WIS, g KyiEEY, e
R R, R 55— KIEEE =/NRAHARF, 7T LUK
HIANFE —RFEME =K, [P ciwuensis
555 — R EEE = /NI LA M 0] 23 #r, Bds
KK, e, MhE, B SR EEE. T
TR EREMNEE N B R R 12), &REIX
FESAST I

P, BEREHE /NI AR T
B Kkp, HHP P crassispira, P. ellipsoi-
dalis, P. rhodesi, P. aequalis, P. aequalis minuta, P.
fusiformis, P. confinii (P. elliptica, P. ovata))43£%| T
B RBE=/NE, P ciwuensisIAIFF] T — KK
F=NE

BZREE— PR U AR SEHEREE

Table 7 Comparison of the morphological characters of the first subgroup of the third group

JC&AHSME P aequalis P minuta P elliptica  P.ovata  P. confinii P, ellipsoidalis P. rhodesi  P. ciwuensis  P. fusiformis  P. crassispira
TGk 67 6.5 6.5 7 7 7 5.5-6 67 6 8
IR MY, MY, BEEDE, B WEEDE, B RgvEE, WIEDBECHYST MY,  giEE, Y, IEREERTE,
MR LS MEL 164 Fle  FL 162 BN, @B, MEle  H® Fitkstigk,  HhEAN 17 HEL 14
HE 1.6 1.6-2.1  Fh 1.8-2.1
ek K 6mm, K 4.07mm, K598 mm, £6.50mm, & 7mm, K 885mm, K43~  KS53mm, K625mm, K 4.35mm,
% 4mm %247 mm % 3.64mm % 4.00mm % 4-Smm T SSmm  62mm, T 2.4 mm % 3.75 mm % 3.11 mm
2.3-3.2 mm
43 5% B 5 3 3 3 2.5 2-3 2.5 3 3.5 2 3
YR M- HMYiEIY-  JiEY i Y i~ KYimIy gifily- Ky gy itz
i YT biikk: 3 YT
HIFEKAN £0.09-  0.09mm % 0.19 mm 4 SR N, AR %) 0.09- N, 4 N, N, 2
0.15 mm 0.15 mm 0.17 mm 0.05 mm 0.18 mm 0.05 mm 0.12 mm 0.12 mm
FREEREGE RS JUEFHE RS ISR L&) FH B TR, AR E e e
AR
TREEJERE AR 7 P i P P i 74 P ik P P v A P ik MR B, S 74 P et 7 P i
S8 J5 S JE S JE ShE 5 S J5 ShE 5 SMEE  £90.05 mm S J5 S JE
s b, &l N, #E ARKRE ARKE N &EB O N, ARKRE N wE b i b, NERE D, #EEE
A A A RE RHE
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i 61 %

Axis 2

8.09

6.4

4.8

3.2

B 1
Fig. 11
5N P muongthensis, %% 55N P. zhongzanica, %% 5.4 P. turbida,

s
.

6.4

Axi

s 1

HEREHE—PNEEE T REBE=NEHN

Discriminant analysis of the first subgroup of the third group and the third subgroup of the second group

KON P onitida, $E 58 P crassispira, SBI7YCN P ellipsoidalis, ¥ J7¥0N P
fusiformis, RITHN P aequalis, 577N P, rhodesi, T J7HN P aequalis minuta; FEARE 58 1. 1. 14 34
O BAS X A Axisl J7 ZEfRRE SR 72.24%, Axis 2 J7 Z RN 15.21%.

1. 1. 2 50 3 F 3864 E 90%

Black dot represents P. muongthensis, green dot represents P. zhongzanica, purple dot represents P. turbida, blue dots represent P. nitida, yellow dot repre-

sents P. crassispira, black square represents P. ellipsoidalis, blue squares represent P. fusiformis, purple squares represent P. aequalis, green squares repre-

sent P. rhodesi, and yellow squares represent P. aequalis minuta; numbers of specimens are 1, 1, 1, 3, 1, 1, 2, 5, 3 and 3, respectively. Elliptical areas rep-
resent the 90% confidence interval; explained variance ratio is 72.24% for Axis 1 and 15.21% for Axis 2.

Axis 2
°
®

T T T
12 15 18

Axis 1

B 12 P ciwuensis 55— KIS =N A B 55 b
Fig. 12 Discriminant analysis of P. ciwuensis and
species of the third subgroup of the first group

&SNP leei, 8 NP neotruncata, BONP. xichangica, %% 5 NP,
needhami, .55 NP. ciwuensis; FEAREHIN3. 20 1. 6F15; AL
RI0%INEAF XA, Axis1 7 Z R N83.01%, Axis 207 ZMFERN
13.45%.
Blue dots represent P. [eei, purple dots represent P. neotruncata, black dot
represents P. xichangica, green dots represent P. needhami, and red dots
represent P. ciwuensis; numbers of specimens are 3, 2, 1, 6 and 5, respec-
tively. Elliptical areas represent 90% confidence interval; explained vari-
ance ratio is 83.01% for Axis 1 amd 13.45% for Axis 2.

2.3.2 FTNEMFMNITEE
R FEERE N YRR, R4 1.3-2.2;

VIR, £10.2-0.4mm. HH, P fusulinoides exilis
T el 3.5 B, BEMNENCH 1.5 K,
A At A B S DX Tk, RN R A0 2.3,
BEREH — RENEERE, HIERAE —KE
VN Al 14 AT REA U B A 2 DL
FI b, BT AREAT TR (B 13), SR ER,
P. convexa M P. broggii 5 HAhFh 55 T-IX 43, £MAT
HIF; P aktijubensis, P. dallmusi, P. gerontica,
P. uddeni, P. cheni 5 ML, P. kozlowskii, P. beedeli,
P truncata, P. fornicata, P. muongthensis rossica,
P. primigena, P. intermedia ¥ AL »

Xt P. aktijubensis, P. dallmusi, P. gerontica, P.
uddeni, P. cheni W H 573 AT R H 52K 5258 FlR
Fo B, 5 5 B e RN R A e ) i o A B s (1
14), 4550 BIRER P cheni FIEAMFE Z 5046, Hoak
MM EAHE S . EEIREEIRIA, P aktijubensis
M P, uddeni 1) 22 HIAE TR 52 R Ui L 5
BN T L, ST 2 T L, (HE RIS A
WAHTK 8 mm WK K5EREEGL 7 B4,
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0.8

Component 2

-2.0-

Component 1

B3 55 = RIEEE — /R E e 7 #

Fig. 13 Principal component analysis of the second subgroup of the third group

P. truncata, ¥ 5N P. cheni, 7K 15N P. beedei, ¥ /5N P. fornicata, ¥ X N P. dallmusi, %% X N P. gerontica, 2L XN P. aktijubensis, ¥ X N P. uddeni;
BEASLA AN 1. 20 20 30 34 15 34 24 20 1. 4. 4 1 FI 13, PC 1 FETTHRER A 74.43%, PC 2 17 ZETTRRE N 10.62%.

Black dot represents P. muongthensis rossica, green dots represent P. primigena, red dots represent P. intermedia, blue dots represent P. convexa, purple

dots represent P. broggii, pink dot represents P. kozlowskii, yellow dots represent P. truncata, orange dots represent P. cheni, gray dots represent P. beedei,

brown dot represents P. fornicata, blue X represent P. dallmusi, purple X represent P. gerontica, red X represents P. aktijubensis, and yellow X

represent P. uddeni; numbers of specimens are 1, 2, 2, 3, 3, 1, 3,2, 2, 1, 4, 4, 1 and 13, respectively. explained variance ratio is 74.43% for PC 1 and

10.62% for PC 2.

Axis 2

Axis 1

Kl 14 X} P aktijubensis P. dallmusi. P. gerontica-
P. cheni R P. uddeni #1377 53 4t
Fig. 14 Discriminant analysis of P. aktijubensis, P. dallmusi,
P. gerontica, P. cheni and P. uddeni

cheni, Y559 P. uddeni; FEASUYHIH 1. 5. 44 2 A1 13; BhEI1RFE 90%
A5 X 8] Axis] 7 Z AR A 56.62%, Axis 2 J7 Z R 38.87%.
Black dot represents P. aktijubensis, green dots represent P. dallmusi,
red dots represent P. gerontica, purple dots represent P. cheni, and
yellow dots represent P. uddeni; numbers of specimens are 1, 5, 4, 2 and
13, respectively. Elliptical areas represent 90% confidence interval;
explained variance ratio is 56.62% for Axis 1 and 38.87% for Axis 2.

P. dallmusifP. uddenif) 7 HITE T Ja & LT LU AT =
A, W5 EERTE A, B EERE 4 b A A e, (H
AU A JFAE 0 T A IEREAR AR E A, W2
Y RIBIRR AR DL St 310X 48 2 ) e A AEAE
(1, P uddeniffIBISARA AL o Bl 2 HE TP
dallmusi; P. gerontica®\P. uddenif] ¥ 5% H1E T 7
H A R, (H )5 H W EIBAR A A KA
12,5198 PRI 2B 2 A 9 AE P2 T i A BE
FI TS RSB, i, &
BCHBRP. cheniZ HME LA M —IFEVH NP, uddeni..

5 —REME, KAKPP chenifh Ny
2-2.2, 5efRR, 499 mm, V1K, 455231, i
HETE, BRBERE AC0R, RRAE S 58— RKEE — /K
WIRFAEAH A, DRI L 5 58 — R R 38 — /N Rk AT
FIA oA, BRI A R, TR %5
e JEE AT K P Bl ) R (&1 15), 4 SR BRI LA il
ZAARAN, BUCKHHIFANE —REHEZPE, 5
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P. extensaf1P. subconvexa— VA NP, fusulinoides .

X P. kozlowskii, P. beedei, P. truncata, P. forni-
cata, P. muongthensis rossica, P. primigena, P. in-
termedia)F| N o Hr R R HhE, wEE. &
7o, Pl v FE A5 P B Al 2R (T 16), A5 R RORP
muongthensis rossica /& — ML I Fh, P ko-
zlowskii P. beedeif\P. truncata B A5 X 1] E 5, HHE
JFAEERIR, ZHEFRE. KA V5. REKE
LI K 5 B 45 55 5 T 420+ 20 AHALL, P kozlowskii 1P,
truncata 5P, beedeilf] X JNAE T P. beedeilt) %)) 5%
PP R, HEHEWNE T =DM R A %)
TR, WIWEL1.9-23, JEHEAN1.74-2.12, %
Mo DR & & e P e B0 A, te a4 Ak s
B, B P truncata M P kozlowskii Y3 N\ P
beedei. TEE167, P fornicata, P. primigenaflP.
intermedialf] =N FhEAF X B E A, W48 AE
R, ZHBRNS WIHEARRERE TR, B
PR KRG EERE G A A 20, (HP primigenal’] @il F
bR AR T T P, fornicatafP. intermedia, P.
fornicata'5P. intermedialP) X 7 7T Hil & M 34 4kt 1M1,
PR AR W T 1) A, (RS SR A H 2k AR, 2
FINNZA IR SAKIEA B, BIVCKP. fornicataf
P. intermedia)A NP, primigena.

X—/NEH P convexafIP. broggiift)5li = ]2,
MEK, FKL7.7-10.6 mm, W] 5K, 41572-30E,
R B R A, R AR 5 88— RR A /NSRBI
L, NIE¥EP convexafP. broggiilA NG — KA H
TN, FRERAGRK . B & 5T N EE R4l 5E il
X = AT U M (B17), iR BIoRE A
IRD A3 Ao A BRIz, A2 3N AN [F] )

2, P fusulinoides exilis % 1E V& N — KK
EVU/NE, P ochenidF NS — KK Z/NK, 5P
extensafllP. subconvexa—#2VANP. fusulinoides, P.
convexaMP. broggiiVANEE— KK /MK, H =
KK —/INRALEIP. muongthensis rossica, P. ud-
deni, P. primigenafP. beedei, 91 P. muongthensis-
rossicalf NP, muongthensis LA, 5H—FIHA
BREE =K, HETEVISILEEMAK, e
AR T EE, X, £&— il
o HR=FRESNMYEY, MR ZE2LUT, 1]

r T T )
-40 -32 -24 -16 -8 8

Axis 2

T T T
16 24 32

Axis 1

B 15 P cheni 55— KIEHE /N3 53 M
Fig. 15 Discriminant analysis of P. cheni and species of the second
subgroup of the first group

W MON P ocheni, k55N P oextensa, 351N P fusulinoides, 41354 P.
subconvexa; FEAK RN 2+ 2. 3 Al 2; HHEMRE 90% 1) E A5 X [A;
Axisl J7 E RN 85.78%, Axis 2 J7 EMRFER A 13.64%.
Blue dots represent P. cheni, green dots represent P. extensa, yellow dots
represent P. fusulinoides, and red dots represent P. subconvexa; numbers
of specimens are 2, 2, 3 and 2, respectively. Elliptical area represent 90%

confidence interval; explained variance ratio is 85.78% for Axis 1 and
13.64% for Axis 2.
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8_

4_.
I T T T T I. T T
-8 4

-12 4
-16
-20 -

Axis 2

Axis 1

16 X} P. kozlowskii. P. muongthensis rossica~ P. primigena-

P. truncata~ P. fornicata. P. beedei I P. intermedia [} 55§t
Fig. 16 Discriminant analysis of P. kozlowskii, P. muongthensis rossica,
P. primigena, P. truncata, P. fornicata, P. beedei and P. intermedia
W& NP kozlowskii, %5 5. NP, muongthensis rossica, K7 AP, prim-
igena, %k NP truncata, P NP. fornicata, 455 NP beedei, %5,
NP intermedia; BEAREHIN3. 1. 24 3. 1. 2H13; HhELZ90%
M B X W Axisl 77 Z2 fiff B %05 58.77%, Axis 277 Z R B FEN

18.43%.

Blue dots represent P. kozlowskii, purple dot represents P. muongthensis
rossica, brown dots represent P. primigena, green dots represent P.
truncata, black dot represents P. fornicata, red dots represent P. beedei,
and yellow dots represent P. intermedia; number of specimens are 3, 1,
2, 3, 1, 2 and 3, respectively; Elliptical areas represent 90% confidence
interval; explained variance ratio is 58.77% for Axis 1 and 18.43% for
Axis 2.
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Axis 2

12 16

Axis 1

Bl 17 P convexa N P. broggii 15 55— KISEE /NS 43 #
Fig. 17 Discriminant analysis of P. convexa, P. broggii and species of
the second subgroup of the first group

S 3. 3 A6 BREIRE 90%HIBAS XA, Axisl J5 ZREEN
81.32%, Axis 2 J5 Z R BEZE N 11.33%.

Blue dots represent P. convexa, black dots represent P. broggii, and purple
dots represent P. fusulinoides; number of specimens are 3, 3 and 6, re-
spectively; Elliptical area represent 90% confidence interval; explained
variance ratio is 81.32% for Axis 1 and 11.33% for Axis 2.

N KK, P uddeni H E K FER(8-12 mm)

558 ORI HAh A DX ) B S5, 0ok L e 5 DY
/N, P oprimigenafP. beedei N H H/NE, Hiky
MENM YR, #h%e)1.5-2.1, iR %E-K, 4
4-7 mm, VIEEKR, 29780.2 mmbPLl I, %55k 95
TE—Gi'akIY, 2-48|, T EERE A 55— o

3 4

Wk E M KL E & BT, AR RkIE W
Pseudoschwagerina 148N Fhidi 4T 7 432K E 2 . R
PEFEMIAME . R R/ FREERE G50 55, nfix L
o AR BB REFIEATK, JiHEE-
KM, MR 2 KT2.0, (BRI &, 56—
KEFHE N, KM, B2 7E2.0
PR, b B RS 45 i 55— o gt — D AR B A4 K/
Mgl FERFAE AR AT DL, 7o B I P AR AE
BAMYH 2 WEKE 45, HA &R E D>,
1528 T 7 A B K | A o B K 9 -
gL K452, BEEEAHN B 2, HH2-40E.
AV RN GIFEHRIE, 55— R RFEX
A LAl 4 RO N . BAR S RIA N ER9.

F*9 EEBRERBENS AL
Table 9 Classification of Pseudoschwagerina species from South China
e B R
1 2 3 4 2 3 4 5
RHE s, JiER-—KGifETY, FeRl, IR T,
HIFEZ KT 2, RREER SRR HIFEZAE 2 LI, FREBERE 4% 55508
WE KT 25 2-2.5 2-2.5 %23 2 1.3 #)1.2-1.5 #)1.2-1.7 213-19 4 1.5-2.1
KA RK, % K, mK HE-K, 7 B, R, 4 a4 K, RK, 8- WK, 4-
£>10mm 7-11mm ¥ 5-8 mm #) 6 mm 6-9 mm 4-6 mm %) 4-9 mm 12 mm 7 mm
W5 K,02-  BK, 4 D Aol K 403mm K, 02— BUK, 0.2- /N, #50.1-0.2 mm K, 0.2- K, &
0.4 mm 0.2 mm mm 0.6 mm 0.4 mm 0.5 mm 0.2 mm
5% 9IHETY, gitEl, giMV—KY MYiE-L gimR-ER SRS g —KYi LitErk i ik 1)
254/ 230 HER,2-4 K HE, 1-15 @ ¥, 1-1.5 @ 7, 1.5-2 [ HETY, 2-3 P HETE, 2-4 Pl HETE, 2-4 [
MREERESE BRI LI LGS A 55 EER i LG LYEER i
BEHIFY P texana P. fusu- P leei, P P fusulinoides P farcimi- P. ishimbajica, P. muongthensis, P. uddeni P. beedei,
linoides;  longlinensis, exilis Sformis, P. ishimbajica P muongthensis rossica, P. primigena
P. broggii, P. needhami, P. mihara- falx, P. nitida, P. turbida,
P. convexa P. neotrun- noensis P. elegans P. zhongzanica,

cata,
P. xichangica,
P. ciwuensis

P. aequalis, P. aequalis
minuta, P. crassispira,

P. rhodesi, P. ellipsoidalis,

P. fusiformis, P. confinii
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