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Abstract

?The spatial pattern is critical for understanding the plant population status. The distribution patterns of endangered plants

are more vulnerable to intraspecific, interspecific, and environmental factors. Tetracentron sinense Oliver, a tertiary relict

plant, the spatial pattern, and its influencing factors are poorly understood. We sought to figure out the spatial pattern of T.

sinense and the factors responsible for this pattern. ?We utilized the point pattern, ordinary kriging, and canonical correlation

analysis to identify distribution patterns, spatial interactions, and environmental factors. ?The results revealed that T. sinense

individuals were highly aggregated, at a small scale. Similarly, there was a positive correlation between young and adult trees at

smaller scales. In addition, the dominant species showed a positive correlation with T. sinense; the correlation gradually became

non-significant or negative as the scale increased. Furthermore, the main environmental factors affecting the distribution of T.

sinense were air humidity, altitude, litter depth, and potassium content. ?These results highlighted the importance of intra- and

interspecific interaction and environmental factors for the spatial distribution of T. sinense. Our results provide new insights

into endangered species’ spatial patterns and main factors. Moreover, these findings have relevant implications for conserving

and managing endangered trees in a constantly fragmented habitat.

Hosted file

Tetracentron sinense Oliver.docx available at https://authorea.com/users/625927/articles/

647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-

environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-

sinense-oliver

Hosted file

Tables.docx available at https://authorea.com/users/625927/articles/647614-unraveling-the-

effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-

the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver

1

https://authorea.com/users/625927/articles/647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver
https://authorea.com/users/625927/articles/647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver
https://authorea.com/users/625927/articles/647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver
https://authorea.com/users/625927/articles/647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver
https://authorea.com/users/625927/articles/647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver
https://authorea.com/users/625927/articles/647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver
https://authorea.com/users/625927/articles/647614-unraveling-the-effects-of-species-intra-and-interspecific-interactions-and-environmental-factors-on-the-spatial-pattern-of-the-tertiary-relict-plant-tetracentron-sinense-oliver


P
os
te
d
on

6
J
u
n
20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
60
24
30
.0
70
59
03
9/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

####
Leishan

Taijiang

Rongjiang

Jianhe

108°20'108°10'108°

26
°30

'
26

°20
'

26
°10

'

±

0 9.54.75  km

Guizhou Province

China

Guizhou Province

Leigong Mountain

Legend
Cropland
Forestland
Grassland 
Shrubland
Wetland 
Water
Impervious surface
Bareland 

# Plot of T.sinense

a l l y o u n g  t r e e a d u l t  t r e e o l d  t r e e
0

1 0

2 0

3 0

4 0

5 0

6 0

Nu
mb

er 
of 

ind
ivi

du
als

 P 1
 P 2
 P 3
 P 4

2



P
os
te
d
on

6
J
u
n
20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
60
24
30
.0
70
59
03
9/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

0 5 1 0 1 5 2 0 2 5
0 . 0 0 0
0 . 0 0 5
0 . 0 1 0
0 . 0 1 5
0 . 0 2 0
0 . 0 2 5
0 . 0 3 0
0 . 0 3 5
0 . 0 4 0

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8
0 . 1 0
0 . 1 2
0 . 1 4

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5
0 . 0 6

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8
0 . 1 0
0 . 1 2

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

A

DC

B

O/
r

S c a l e / m

F i g u r e  3

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8
0 . 1 0
0 . 1 2

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5
0 . 0 6

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8
0 . 1 0
0 . 1 2

0 1 0 2 0 3 0 4 0 5 0 6 0
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8
0 . 1 0
0 . 1 2

0 1 0 2 0 3 0 4 0 5 0 6 0
0 . 0 0 0
0 . 0 0 5
0 . 0 1 0
0 . 0 1 5
0 . 0 2 0
0 . 0 2 5
0 . 0 3 0
0 . 0 3 5
0 . 0 4 0

0 1 0 2 0 3 0 4 0 5 0 6 0
0 . 0 0
0 . 0 5
0 . 1 0
0 . 1 5
0 . 2 0

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5
0 . 0 6
0 . 0 7

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5
0 . 0 6
0 . 0 7

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5
0 . 0 6
0 . 0 7

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8
0 . 1 0

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8
0 . 1 0
0 . 1 2
0 . 1 4
0 . 1 6

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

D

CB

O/
r

S c a l e / m

A

O/
r

S c a l e / m

LKJ

IHG

FE

O/
r

S c a l e / m

F i g u r e  4

3



P
os
te
d
on

6
J
u
n
20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
60
24
30
.0
70
59
03
9/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

0 5 1 0 1 5 2 0 2 5
0 . 0 0 0
0 . 0 0 1
0 . 0 0 2
0 . 0 0 3
0 . 0 0 4
0 . 0 0 5
0 . 0 0 6
0 . 0 0 7

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5
0 . 0 6
0 . 0 7

0 5 1 0 1 5 2 0 2 5
0 . 0 0 0
0 . 0 0 5
0 . 0 1 0
0 . 0 1 5
0 . 0 2 0
0 . 0 2 5
0 . 0 3 0

0 5 1 0 1 5 2 0 2 5
0 . 0 0 0
0 . 0 0 5
0 . 0 1 0
0 . 0 1 5
0 . 0 2 0
0 . 0 2 5

0 1 0 2 0 3 0 4 0 5 0 6 0
0 . 0 0 0
0 . 0 0 2
0 . 0 0 4
0 . 0 0 6
0 . 0 0 8
0 . 0 1 0
0 . 0 1 2

0 1 0 2 0 3 0 4 0 5 0 6 0
0 . 0 0 0
0 . 0 0 2
0 . 0 0 4
0 . 0 0 6
0 . 0 0 8
0 . 0 1 0

0 1 0 2 0 3 0 4 0 5 0 6 0
0 . 0 0 0
0 . 0 0 1
0 . 0 0 2
0 . 0 0 3
0 . 0 0 4
0 . 0 0 5
0 . 0 0 6
0 . 0 0 7

0 1 0 2 0 3 0 4 0 5 0 6 0
0 . 0 0 0
0 . 0 0 2
0 . 0 0 4
0 . 0 0 6
0 . 0 0 8
0 . 0 1 0
0 . 0 1 2

0 5 1 0 1 5 2 0 2 5
0 . 0 0
0 . 0 2
0 . 0 4
0 . 0 6
0 . 0 8

0 5 1 0 1 5 2 0 2 5
0 . 0 0 0
0 . 0 0 2
0 . 0 0 4
0 . 0 0 6
0 . 0 0 8
0 . 0 1 0

0 5 1 0 1 5 2 0 2 5
0 . 0 0 0
0 . 0 0 5
0 . 0 1 0
0 . 0 1 5
0 . 0 2 0
0 . 0 2 5
0 . 0 3 0

0 5 1 0 1 5 2 0 2 5
0 . 0 0 0
0 . 0 0 1
0 . 0 0 2
0 . 0 0 3
0 . 0 0 4
0 . 0 0 5
0 . 0 0 6
0 . 0 0 7

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 0 0
0 . 0 0 1
0 . 0 0 2
0 . 0 0 3
0 . 0 0 4
0 . 0 0 5
0 . 0 0 6
0 . 0 0 7

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 0 0

0 . 0 0 5
0 . 0 1 0
0 . 0 1 5

0 . 0 2 0

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 1
0 . 0 2
0 . 0 3
0 . 0 4
0 . 0 5
0 . 0 6

0 5 1 0 1 5 2 0 2 5 3 0
0 . 0 0 0
0 . 0 0 1
0 . 0 0 2
0 . 0 0 3
0 . 0 0 4
0 . 0 0 5
0 . 0 0 6PONM

LKJI

HGFE

DCB

O/
r

S c a l e / m

A

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m
O/

r
S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

O/
r

S c a l e / m

F i g u r e  5

N

Legend
N g/kg
1.5980-2.8369
2.8369-3.7922
3.7922-4.5290
4.5290-5.0971
5.0971-5.5353
5.5353-5.8732
5.8732-6.1338
6.1338-6.4717
6.4717-6.9098
6.9098-7.4780

K

Legend
K g/kg

11.2342-13.0788
13.0788-14.7479
14.7479-16.2583
16.2583-17.6250
17.6250-18.8618
18.8618-19.9809
19.9809-20.9936
20.9936-22.1127
22.1127-23.3495
23.3495-24.7162

P

Legend
P g/kg
0.2490-0.3001
0.3001-0.3579
0.3579-0.4229
0.4229-0.4807
0.4807-0.5318
0.5318-0.5772
0.5772-0.6175
0.6175-0.6532
0.6532-0.6849
0.6849-0.7130

Ca

Legend
Ca g/kg
0.4843-0.5261
0.5261-0.5670
0.5670-0.6072
0.6072-0.6466
0.6466-0.6867
0.6867-0.7277
0.7277-0.7695
0.7695-0.8121
0.8121-0.8557
0.8557-0.9000

Na

Legend
Na mg/kg
11.8680-23.4191
23.4191-35.4413
35.4413-47.9538
47.9538-60.9766
60.9766-74.5306
74.5306-88.6374
88.6374-103.3195
103.3195-118.6004
118.6004-134.5046
134.5046-151.0574

Mg

Legend
Mg g/kg
1.7466-1.9906
1.9906-2.1510
2.1510-2.2565
2.2565-2.3257
2.3257-2.3713
2.3713-2.4168
2.4168-2.4861
2.4861-2.5915
2.5915-2.7519
2.7519-2.9960

Zn

Legend
Zn mg/kg
31.3100-34.4568
34.4568-37.0855
37.0855-39.2814
39.2814-41.1157
41.1157-43.3116
43.3116-45.9403
45.9403-49.0871
49.0871-52.8540
52.8540-57.3634
57.3634-62.7615

Legend
N g/kg
0.1150-0.5577
0.5577-1.0771
1.0771-1.6866
1.6866-2.4018
2.4018-3.2410
3.2410-4.2257
4.2257-5.0649
5.0649-5.7801
5.7801-6.3896
6.3896-6.9090

Legend
P g/kg
0.0047-0.1056
0.1056-0.1988
0.1988-0.2848
0.2848-0.3642
0.3642-0.4375
0.4375-0.5052
0.5052-0.5676
0.5676-0.6353
0.6353-0.7086
0.7086-0.7880

Legend
K g/kg
9.9597-12.8218
12.8218-15.1190
15.1190-16.9628
16.9628-18.4427
18.4427-19.6305
19.6305-20.5839
20.5839-21.7717
21.7717-23.2516
23.2516-25.0954
25.0954-27.3926

Legend
Ca g/kg
0.2860-0.4403
0.4403-0.5459
0.5459-0.6181
0.6181-0.6674
0.6674-0.7012
0.7012-0.7506
0.7506-0.8228
0.8228-0.9283
0.9283-1.0826
1.0826-1.3082

Legend
Na mg/kg
11.3020-21.0883
21.0883-29.1016
29.1016-35.6631
35.6631-41.0359
41.0359-47.5974
47.5974-55.6107
55.6107-65.3970
65.3970-77.3485
77.3485-91.9443
91.9443-109.7695

Legend
Mg g/kg
2.2832-2.4803
2.4803-2.6207
2.6207-2.7207
2.7207-2.7918
2.7918-2.8425
2.8425-2.8931
2.8931-2.9643
2.9643-3.0642
3.0642-3.2046
3.2046-3.4018

Legend
Zn mg/kg
46.7529-52.3902
52.3902-58.2574
58.2574-63.8947
63.8947-69.3110
69.3110-74.5151
74.5151-79.5153
79.5153-84.3196
84.3196-88.9356
88.9356-93.3707
93.3707-97.6320

N

Legend
N g/kg
2.5130-4.0065
4.0065-4.9686
4.9686-5.5884
5.5884-5.9877
5.9877-6.2449
6.2449-6.4106
6.4106-6.6678
6.6678-7.0671
7.0671-7.6869
7.6869-8.6490

P

Legend
P g/kg
0.4180-0.5430
0.5430-0.6414
0.6414-0.7188
0.7188-0.7797
0.7797-0.8276
0.8276-0.8652
0.8652-0.8949
0.8949-0.9182
0.9182-0.9365
0.9365-0.9510

K

Legend
K g/kg
8.4213-10.4817
10.4817-12.3093
12.3093-13.9303
13.9303-15.3682
15.3682-16.6435
16.6435-17.7747
17.7747-18.7781
18.7781-19.9093
19.9093-21.1847
21.1847-22.6225

Ca

Legend
Ca g/kg
0.4049-0.6716
0.6716-0.8366
0.8366-0.9388
0.9388-1.0021
1.0021-1.1042
1.1042-1.2693
1.2693-1.5360
1.5360-1.9668
1.9668-2.6629
2.6629-3.7875

Na

Legend
Na mg/kg
13.9782-19.3918
19.3918-23.6509
23.6509-27.0018
27.0018-29.6380
29.6380-32.9888
32.9888-37.2480
37.2480-42.6616
42.6616-49.5427
49.5427-58.2889
58.2889-69.4059

Mg

Legend
Mg g/kg
2.3843-2.7873
2.7873-3.0176
3.0176-3.1491
3.1491-3.2243
3.2243-3.2673
3.2673-3.3425
3.3425-3.4741
3.4741-3.7043
3.7043-4.1073
4.1073-4.8125

Zn

Legend
Zn mg/kg
22.4576-35.2039
35.2039-44.0987
44.0987-50.3057
50.3057-54.6372
54.6372-57.6598
57.6598-59.7691
59.7691-62.7917
62.7917-67.1232
67.1232-73.3302
73.3302-82.2250

N

Legend
N g/kg
1.9930-2.3297
2.3297-2.6944
2.6944-3.0895
3.0895-3.5174
3.5174-3.9810
3.9810-4.4831
4.4831-5.0271
5.0271-5.6163
5.6163-6.2546
6.2546-6.9460

P

Legend
P g/kg
0.0510-0.1023
0.1023-0.1411
0.1411-0.1704
0.1704-0.2092
0.2092-0.2605
0.2605-0.3284
0.3284-0.4182
0.4182-0.5370
0.5370-0.6941
0.6941-0.9020

K

Legend
K g/kg

5.4354-10.5044
10.5044-13.5190
13.5190-15.3118
15.3118-16.3780
16.3780-17.0121
17.0121-17.3892
17.3892-18.0233
18.0233-19.0895
19.0895-20.8823
20.8823-23.8969

Ca

Legend
Ca g/kg
0.4158-0.5142
0.5142-0.5857
0.5857-0.6376
0.6376-0.6753
0.6753-0.7027
0.7027-0.7404
0.7404-0.7924
0.7924-0.8638
0.8638-0.9622
0.9622-1.0977

Na

Legend
Na mg/kg
10.9601-27.6254
27.6254-40.7367
40.7367-51.0519
51.0519-59.1674
59.1674-65.5521
65.5521-71.9369
71.9369-80.0524
80.0524-90.3676
90.3676-103.4789
103.4789-120.1441

Mg

Legend
Mg g/kg
1.4583-1.6678
1.6678-1.8650
1.8650-2.0508
2.0508-2.2258
2.2258-2.3905
2.3905-2.5457
2.5457-2.6919
2.6919-2.8295
2.8295-2.9757
2.9757-3.1309

Zn

Legend
Zn mg/kg
42.0060-46.7262
46.7262-50.5912
50.5912-53.7560
53.7560-56.3475
56.3475-59.5123
59.5123-63.3773
63.3773-68.0975
68.0975-73.8620
73.8620-80.9020
80.9020-89.4995

N KP Ca Na Mg Zn

A

B

C

D

4



P
os
te
d
on

6
J
u
n
20
23

—
T
h
e
co
p
y
ri
gh

t
h
ol
d
er

is
th
e
au

th
or
/f
u
n
d
er
.
A
ll
ri
gh

ts
re
se
rv
ed
.
N
o
re
u
se

w
it
h
ou

t
p
er
m
is
si
on

.
—

h
tt
p
s:
//
d
oi
.o
rg
/1
0.
22
54
1/
au

.1
68
60
24
30
.0
70
59
03
9/
v
1
—

T
h
is

a
p
re
p
ri
n
t
a
n
d
h
as

n
ot

b
ee
n
p
ee
r
re
v
ie
w
ed
.
D
a
ta

m
ay

b
e
p
re
li
m
in
a
ry
.

5


