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Abstract. Considerable disagreements about the classification system of Trapa L. still exist,
with no current unified view. The Amur River and Tumen River basin is an important species
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distribution and diversity center of Trapa. To reveal the geographical distribution pattern and
morphological diversity of Trapa plants in this basin, we conducted field surveys and research.
We found 11 species and 8 types of intraspecific variability from 28 lakes in the area,
indicating that Trapa exhibited rich morphological diversity. In addition, 354 Trapa specimens
were also consulted and a total of 92 distribution data locations were obtained. The
geographical distribution pattern of the 11 species was not balanced. The distribution of Trapa
maximowiczii Korsch. was the widest, while Trapa incisa Siebold et Zucc., Trapa khankensis
Pshennikova, and Trapa kozhevnikovirum Pshennikova showed narrow domain distribution.
The Eastern Ussuri River and Tumen River basin was found to be the diversity distribution
center of Trapa, and might be a Quaternary glacial refuge. Interspecific morphological features
of Trapa were relatively stable. Trapa manshurica Fler., Trapa potaninii V. Vassil., Trapa
japonica Fler., and Trapa maximowiczii Korsch. exhibited eight
intraspecific variabilities. Most morphological characters were stable within the population,
whereas variabilities were obvious between populations. The diffusion limit of gene flow was an
important factor resulting in the imbalanced distribution patterns and intraspecific variability of
Trapa. This research lays the foundation for clarifying Trapa classification. Based on the
results, combined with molecular marker technology, studying the phylogenetic relationships
could have significant impact in revealing the evolutionary history of the Trapa genus.
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Fig. 1 Twenty-eight sampling locations
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A: Trapa sibirica Fler.; B: Trapa manshurica Fler.; C. Trapa kozhevnikovirum Pshennikova; D: Trapa potaninii V. Vassil;
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Fig. 2 Fruit morphology diagram of 11 species ( Trapa L.) collected in this study
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Table 1 Morphological characteristics and distribution of 11 Trapa L. species
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[ R | XUE Jian-Hua et al.. Plate 1

RENZEBEMTSHE, A, B: B35 (3R 64); C. LK 4REFZE (KR 64), 1114, B2 (MR 64); D: 4583 (KiK.
16); E, F: #4REFEE (i 20); G, H: HRIEFE (M. 22)

Morphological characteristics of Trapa collected. A, B. Trapa incisa Siebold et Zucc. ( Appendix Table: 64); C. /£ Kl. Trapa
maximowiczii Korsch (Appendix Table: 64), #5l. Trapa incisa Siebold et Zucc. (Appendix Table: 64); D. Trapa maximowiczii
Korsch (Appendix Table: 16); E, F: Trapa maximowiczii Korsch ( Appendix Table: 20); G, H: Trapa maximowiczii Korsch
(Appendix Table; 22).
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pEa et . AR I XUE Jian-Hua et al.. Plate 1l

REMNEBEWHESEHE, A, B: RILZE (M3. 91); C, D: RISE(ME. 29); E, F. PRI (M. 19); G: FIAFIEE (M
#.29); H: PEARNEZE (K. 31),

Morphological characteristics of Trapa collected. A, B. Trapa manshurica Fler. ( Appendix Table: 91); C, D. Trapa manshurica
Fler. (Appendix Table: 29); E, F. Trapa sibirica Fler. ( Appendix Table: 19); G: Trapa sibirica Fler. ( Appendix Table: 29) ;
H. Trapa sibirica Fler. ( Appendix Table; 31).
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pE e . AR XUE Jian-Hua et al.. Plate I

RENEBEMHTRHE, A: BHAKRERIKZE (MER: 90); B: FHRERIIEE(BAA) ; C: H3E (K& 31); D: B3z (KEk.
18); E: H3z (M. 87); F: H38 (M. 25); G, H: Ml (K. 61),
Morphological characteristics of Trapa collected. A. Trapa kozhevnikovirum Pshennikova ( Appendix Table: 90) ; B. Trapa kozhevni-
kovirum Pshennikova ( Species type specimen); C:. Trapa potaninii V. Vassil. ( Appendix Table: 31); D: Trapa potaniniii
V. Vassil. (Appendix Table: 13); E. Trapa potaniniii V. Vassil. (Appendix Table; 87); F. Trapa potaniniii V. Vassil. ( Appendix
Table: 25) ; G, H: Trapa khankensis Pshennikova ( Appendix Table: 61).
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AR RS . KRV XUE Jian-Hua et al.. Plate IV

REMNEBEMHSRHE, A: WZ (MK 29); B: m32(MR. 13), C: #3= (M. 15); D: #EE (M. 24); E: SM3E (KR
27); F: E%%(Eﬁ% 13): G: E%% (l}ﬁ%é 85); H: Eﬁl%(ﬁﬁi’% 26)‘3

Morphological characteristics of Trapa collected. A; Trapa litwinowii V. Vassil. (Appendix Table; 29) ; B. Trapa litwinowii V. Vassil.
(Appendix Table: 13), C. Trapa pseudoincisa Nakai ( Appendix Table: 15); D. Trapa pseudoincisa Nakai ( Appendix Table:
24); E. Trapa arcuata S. H. Li et Y. L. Chang (Appendix Table. 27); F. Trapa japonica Fler. (Appendix Table; 13); G. Trapa
japonica Fler. (Appendix Table: 85); H. Trapa japonica Fler. ( Appendix Table: 26).
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Appendix Table Material sources of this research

F5 45 S MR L/E
Number Latitude Longitude Material source Species number
1# 52.329 136.509 R s W R e X, 1
2f 52.070 139.865 PR T 2 I s i X, A T e X 1 3 2
3" 51.407 136.552 G BB R i X, K H XSRS 1
4* 50.766 137.433 R HA T S B e X, M bl DX T 1
5% 50.750 137.657 R B R e X, T I X B 2
6* 50.613 136.942 R TE B R iy X, SR IR B A SR 0 22 [i) ST 2
7* 50.556 135.288 AR G L e i i X, IR E AR AR AP X LU 2
8* 49.865 136.951 R G B RISl X, T XN BT 1
H 49.853 136.764 R G B R FE il X RT3 AR 1
10* 49.561 136.557 R BRI el X, BT X RS S 2
11# 49.462 137.295 R W 2 R B TR X, AT X 3 W ] 1
12% 49.098 136.127 AR5 ST T e i me i X, AT DX I T T 1
13~ 49.040 136.545 A S B I e X, IR T X v 38 5
14% 48.918 136.245 R BRI e X, vy A LR A 1
15* 48.879 132.848 BRI R H 2 AR IX TE 44 /N 1
16~ 48.861 132.840 BRI RN 2 SRR IX TE 44 /M) 1
17* 48.860 135.943 RS e (5 R i e X, A X 35 0 T A BT 1
18~ 48.778 132.938 B IC KM L E HERRIX TE 4 /N 1
19* 48.627 135.270 RS e B e i e X,y L 55 B0 e k2 A i 3
20" 48.626 134.321 e s W e e X, A A 1
21# 48.616 135.488 AR5 A L SR B3 X, (RERL A S B e Sk 1
22* 48.504 133.098 B IILRM, He B A X HL T 22 5 TG 44 /Nl 4
23# 48.381 134.848 AR T L S i sl X, 4 1
24" 48.239 133.078 BRI RN H 2 HES X i) 2 3 2
25* 48.119 133.936 o PR VAR [T N BRI £+ L 4
26" 47.944 134.881 R A L R sl X, B B R R A i 3
27" 47 866 131.652 B IILRM , e HERBIX TC 44 /N 1
28" 47.830 134.672 o SR VAR A B T & I RE A 2
29" 47.824 131.559 BRI, 517 X R 4
30* 47.796 131.900 B AN, ELPG S
31" 47.791 131.505 B HIE RN, 517 X 23 A 4
32" 47.460 132.423 o [ I VAR TRV Aol D A 2
33* 47.410 134.741 R e B S i e X, S AP Tk B 2
34# 47.307 134.210 R B R e X, ARSI T X A 3
35* 47.300 134.241 A A LB R TEIA X, S ST 5 X BRI 1
36* 47.268 124.004 vpE SRR TTAR SRS R T 3
a7t 47.085 134.165 W s D R se i X, BRI 5 % AR R FOR 2
38* 46.751 134.345 AR T L SR il X, SIS T X 2% 0 A 3
39* 46.443 134.263 R A 2 I i X, S AT e X SRR 1
40* 46.232 134.073 AR I X, LR 5 DX LR i v KR 1
41*% 46.061 129.552 U E R TAR 2 B A T 2
40t 46.061 129.552 o [ B YA M R T AT 3
43* 45.980 134.109 BB S X, 2078 X RS R AT 1
44" 45.959 127.309 T ERRE VA =B WIE & E RGN AL 2
45 45.946 126.722 URIES Y AR ) O = S I BT /N 1
46* 45.938 133.732 e e X, IR BT v I DX R 3 1
47" 45.931 131.556 BIRTLAR PRARTT e 8 2
48* 45.900 134.789 R MR X, 2075 K /N A BT 1
49* 45.896 134.856 M W X, 21 ZE DXt s 35 2ok B 2
50* 45.877 134.677 R HEHEA X, 207 X 2 A 1
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b= Sy 2 MR YL
Number Latitude Longitude Material source Species number
51# 45.734 133.003 ] BRI AR AR EL 1
52# 45.580 127.162 v SRR VTAR Bk B 4
53*% 45.478 133.419 R Wi X, FIRFLIK Bk 1
54# 45.237 131.982 B W X, PLYLIIX A B g A 1
55% 45.233 133.504 B Wi X, 3% I X B R A 1
56* 45.227 128.048 BRI M B 1
57# 45.092 133.499 B Wi X, FEI8 I X FE i I 4 1
58* 44.960 125.673 AR AR R S
59* 44.902 131.958 R S X, DL X R R AR 1
60* 44.842 132.056 RS BRI X, DL X R P 3 e 1
61" 44.828 132.050 AR 1 1K, 24U X XL 2
62" 44.731 133.111 W BRI X, AT R B TR R R 1
63* 44.637 132.890 AR5 I X, ST B i DXCREAR R R 1
64" 44.623 133.025 R WA X, 24ELI X G4 W 3
65" 44.560 132.486 B AR X, MEUE R AR X 1
66" 44,519 132.485 R EeiE sty X, BRI 3T B A 1
67* 44.479 132.370 W X, B T T X PG FURHR R A 3
68* 44.405 132.384 B X, YR KM IX BT -R A 2
69* 44.336 132.585 BN X, YUREHRFR 1
70* 44.248 132.374 B i X, VIR JE 3 R 1 X Sl ) 1
71* 44.149 129.207 T E R H LT TR R 1
72" 44117 128.742 o [ SRR VAR H T 7% BN 1
73* 44.029 131.403 R i X, X A L 7 HR R R A 1
74% 44.026 131.329 M WrisiiE i X, H X 2% ) 1
75% 43.899 131.719 R Wi X, hi H £ 5L 1
76* 43.778 131.936 R WA X, 05 BT T A 2
77t 43.748 131.975 e S U | RN 8 BN R VNG | 2
78* 43.490 131.793 RS X, KCH X3 3 1
79* 43.201 131.072 o E R R LR 3
80* 43.089 128.868 v [ AR A R B 1
81# 43.058 131.849 R WA X, ¥ LU R X AR ks 1
go* 42.923 132.768 R i X, U H X RG 3 2 5
83* 42.864 132.655 R Wi X, Witk b X BB L 7 i T A 1
84* 42.763 130.676 e i X, M SR IX e R T B 1
85" 42.709 130.717 R WA X, I S IX Eh 1
86* 42693 130.913 R B IX, M 5 b XS FUIUT B FUASS BRI 1
87" 42.658 130.554 v ] RAR A 1 R e YA N R T DA 5
8g* 42.657 130.974 B S X, WA S X AR h i) 1
89* 42.645 131.130 e e X, M SR IX 5 LR 3
90" 42.635 130.596 v [ AR A T e A NI R T N A 5
91* 42.467 130.641 R TR I1 IX, W S H X SE AL ) 3
92# 42.451 130.608 R B X, ISR IX S 6

s ARFA ITSEH I A OB AT IR R LA A bR A S B AR,
* represents sample points surveyed in the field in this research; # represents sample points from other herbariums.
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