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Appendix S1. Species distribution maps for priority native plant species of the
Mojave Desert.

Description

This appendix contains species distribution maps along with response curves for environmental
predictors used in models. Species distribution models (SDMs) characterize relationships between
species occurrences and the physical environment (e.g., climate, soil, topographic relief) and provide a
mechanism for assessing which species may successfully propagate at a restoration site. In conjunction
with information on species attributes, SDMs facilitate holistic ecosystem restoration by enabling
practitioners to identify diverse, resilient assemblages of native species. This project develops SDMs for
native species of fundamental ecosystem importance in order to guide restoration of Mojave Desert
landscapes. Each SDM represents a probability distribution of habitat suitability, where values range
from O (very low probability of species occurrence) to 1 (very high probability of species occurrence).
Predictions are based on known occurrence records for each species and are subject to model
uncertainty. Hence, appropriate scrutiny should be taken when applying predictions to real-world
assessments of habitat or other management applications.

Key to environmental predictors (see manuscript for details):

AHM: annual heat moisture index (includes MAT and MAP)

AMP: increase in photosynthetic activity (NDVI) above the baseline

CMD: climate moisture deficit

HLI: heat load index

MAXN: maximum annual NDVI (long-term MODIS satellite index)

Slope: slope in degrees

SP: summer precipitation (May-Oct)

SWS: shortwave infrared water stress index (MODIS satellite index)

Text: apparent thermal inertia (MODIS satellite index)

Tmax: Maximum summer temperature (Jun-Aug)

Tmin: Minimum winter temperature (Dec-Feb)

TPI: topographic position index

Trange: annual temperature range

WP: winter precipitation (Nov-Apr)

Response curves: each curve depicts the marginal influence of habitat predictors on habitat suitability
for a given species. Black lines show the ensemble average, while gray lines show individual models.
Histograms display background values taken from a large sample of grid cells in the Mojave Desert.
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1. Acmispon humistratus SDM and response curves (GAM, Random Forest, Maxent)
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GAM response curves for Acmispon humistratus
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Random Forest response curves for Acmispon humistratus
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2. Achnatherum hymenoides SDM and response curves (GAM, Random Forest, Maxent)

400000 500000 600000 700000 800000
0 Z FN-IMBA- .
) L
AV
'[.
o
8
3 3 &
p : P 3
F s’- Ky j...u
TR iy Fanyon- 2
= - 4 o # i rashant NM !\,’ : g
8- "‘@‘ N
S
g v
= N, “:: "
Forest
,.A Fr
g e
= refield ,r .g"' .'
g TR R i
8 'f. t 03 ft
3 3 i
. ARIZONA
: I (7 iy
g Voo
ara AV Clarita
8- Simi-valley ™
§ 011: .ey 7
2 Morica Anl-gf’esl;s Pomona  Riverside J -
A Corona ‘y 56861t
acn  SantaAna i
Murrieta A\ Dt SONORAN_D
8- 068 1t ""g.“:;;‘ﬂ" o3 . 4857t =
§ s«a-’ By Saiton Chocolate Kota Natbas)
g - ,»' Sea Min Mgal %
0 25 50 100 Achnatherum hymenoides
T Kilometers g
Datum: NAD83
Projection: UTM Zone 11N s
(3} +1 —
[ =
- - agm ©
Habitat suitability score €
Q. 10 -
£
[ o-01 [ ]o5-06 F
B 01-02 [ ] 06-07 B 5
¢ 1nnnnl
) [] 02-03 [ 07-08 . - i
[ ] o03-04 I 08-09 AHM  HLI  Slope  SWS  Tmax  TPI WP
CMD MAXN SP Text Tmin Trange
|:] 04-05 - 09-1 Habitat predictor
T T T T T




Linear predictor

Linear predictor

Linear predictor

o _
o m M < M
o '/\.
o] .‘ o
- S
©w | 2 °7 N 2
9 = +HIN g o
B N 8 o
[=% [=%
e § T ] ]
= po 2 |
3 3 ©°
[Te]
<] R o /
e . A
o |0
i — T T 1T T T 1 @ T T T T T T T T T
0 200 400 600 30 35 40 600 1000 1400
Annual heat/moisture index Annual temperature range Surface texture
<t — — _
o wn
_ s s71
N_ ,
B [t} o]
o o -
o- 5 - 5
o L2 wu -
T o 1 T o
o <_| o S
Ehes s v s
@ § o
o} o
< | £ v £
! - ‘I—— -
© -
; o ]
~
! o
R J_ &N
T 1 T T T T T T T T T T T T T
20 25 30 35 40 45 120 140 160 180 6 8 10 12 14
Summer maximum temperature NDVI maximum Topographic position
— o |n
\ 7]
(=]
o \ o_| o
g o
\ 8 o |[] 8
2 <7 L2 o —
— ] e T O
1 9 9 1
o o_| o
g " 5
c c <
o 3 w_| 3 o
o ¥
o
o ©
] \ “] b
wn
o
T T T T T T T T 1 T T T T T
-10 -5 0 5 0 10 20 30 40 0.75 0.80 0.85 0890 0.95
Winter minimum temperature Slope Heat load index
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3. Acmispon strigosus SDM and response curves (GAM, Random Forest, Maxent)
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4. Ambrosia dumosa SDM and response curves (GAM, Random Forest, Maxent)
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5. Ambrosia salsola SDM and response curves (GAM,
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6. Amsinckia tessellata SDM and response curves (GAM, Random Forest, Maxent)
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7. Astragalus didymocarpus SDM and response curves (GAM, Random Forest, Maxent)
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8. Asclepias erosa SDM and response curves (GAM, Random Forest, Maxent)
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9. Astragalus layneae SDM and response curves (GAM, Random Forest, Maxent)
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10. Atriplex hymenelytra SDM and response curves (GAM, Random Forest, Maxent)
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11. Baileya multiradiata SDM and response curves (GAM, Random Forest, Maxent)

3900000 4000000 " 4100000

3800000 -

3700000
1
&

500000
|

600000
]

700000 ¢ 800000 "
1 1

400000
1

o,
! Angola;

¢
housand
Oaks

Pomona  Riverside

Corona
Anaheim
ach SantaAna

Murrieta

Nelhis Air

OBI.’)
,_-'

_i‘ Imu

= fanyon-
() v-h,:u NM

ARIZONA

5686 ft

SONORAN_D

4857 ft
Kofa Natonal
Wikdlde

0 25 50 100
T Kilometers

Datum: NAD83
Projection: UTM Zone 11N

Habitat suitability score

B o-01 [ ]os-06
B o1-02 [ ] os6-07
02-03 [[] 07-08

1 [ 03-04 [ 08-029

n w
o o
1 ]

Relative importance
5‘

Baileya multiradiata

Tmax TPI
Tmin

II---
AHM

Slope SWS

MAXN SP Text
Habitat predictor

CMD Trange

[ ] o4-05 [ 09-1
T T

44



Linear predictor

Linear predictor

Linear predictor

Q- /_ -
o
&
=]
S
o
8
g1l
T T T 1 T T
0 200 400 600
Annual heat/moisture index
. -
o _af\/
l.rl)_
e_ j‘_‘-"
500 1000 1500 2000 2500
Climatic water deficit
] —
o — \-
{\ll_
QI"_
(.(?_
CXIJ_
O_

20 25 30 35 40 45

Summer maximum temperature

Linear predictor

Linear predictor

Linear predictor

A

T T T T
-10 -5 0 5

Winter minimum temperature

ihi\

50 100

i
DN

150 200

Summer precipitation

N

I I [
10 20 30

o —

Slope

Linear predictor

Linear predictor

Linear predictor

-30

-1
|

[
Lo
T T T T T
600 1000 1400
Surface texture
<« A

o— ,f
A
.y

| I I I
6 8 10 12 14

Topographic position

_dllh

075 080 085 090 095

-20 -10
1 |

_zlm

Heat load index

GAM response curves for Baileya multiradiata

45



Partial dependence

Partial dependence

Partial dependence

57 r_
It

1oL

1 1
0 200

T T T 1
400 600

Annual heat/moisture index

0.22
|

0.18 0.20

|
|
pd
1]

1l

0.16
|
—
-

0.14

11

| I [ I [
500 1000 1500 2000 2500

Climatic water deficit

I [ I [ [ I I
15 20 25 30 35 40 45

Summer maximum temperature

Partial dependence

Partial dependence

Partial dependence

[
IS _
[}
© JN
o \i
©
[}
s
D‘ 4
™
o
(=]
S —
T T T T
-10 -5 0 5
Winter minimum temperature
o —
= q |
O
@
d —
©
o
A
<
o
T T T
30 35 40

Annual temperature range
®
(=}
~
[=}
©
o
©
[=}
<
-
o

T T T T T
100 300 500

Winter precipitation

Partial dependence

Partial dependence

Partial dependence

_tb/—
~

I [ I [
50 100 150 200

Summer precipitation

[ I
400 800 1200 1600

Surface texture

| I ! I I
6 8 10 12 14

Topographic position

Random Forest response curves for Baileya multiradiata

46



Predicted value

Predicted value

Predicted value

08
|

Oi6

0.4

0.2
|

0.6 0.8
|

0.4

0.2

0.0

0.6 0.8 1.0

0.4

0.2

0.0

05 06
0.6

Predicted value
02 03 04
| | 1
: —
3
4|
>,
L —
Predicted value
0. 2 0i3 Oi4 Di5

0.0 041 .
1 1
1 0
1 |

0.0

[ [
0 200 400

[ [ [ [ [ I I [
600 -10 -5 0 5 0 50 100 150 200 250

Annual heat/moisture index Winter minimum temperature Summer precipitation

1.0

T . T
Predicted value
0.2 0.4 0.6 0.8
| | 1 |
z 1
7z ]
7 |
- |
Predicted value
01 02 03 04 05 06
1 | | 1 1 |
/

o
T T T T (=l T T T T T T T
500 1000 2000 25 30 35 40 0 10 20 30 40
Climatic water deficit Annual temperature range Slope
— © —
(=l ~_|
- e |
_ 0 _| ©_|
\\ Q Q (=]
[} o wv_|
= = _| 2 o
T O ©
> >
\ ° - 4 H ,
o} o O
o 9 3 ’
\ T © T ™
o 2 o7
o o
N o~
o o1
S o7 /J
O o |
T 1 T 1 T T T T T o T T T T T T
15 20 25 30 35 40 45 200 400 600 800 6 8 10 12 14 16
Summer maximum temperature Winter precipitation Topographic position

MaxEnt response curves for Baileya multiradiata



12. Chylismia brevipes SDM and response curves (GAM, Random Forest, Maxent)
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13. Chilopsis linearis SDM and response curves (GAM,

3800000 " 3900000 - 4000000 " 4100000 " °

3700000 -

400000 500000 "
1 |

600000
]

Random Forest, Maxent)

700000 800000
1 1

L "
Santa

ara AV* Clarita

Simi-Valley: 0 i

Loy
housand 4
Oaks

Cucamonga

Ontario
Pomona

Riverside

Corona
Anaheim

ach Santa Ana
¥

Nelhis Air
Force Base

T

ARIZONA

_56.‘?() ft

SONORAN_D

Murrieta y & ’ﬁt ° Cig
ﬁ“"" M’E-B::;w’h' . 48571
B2 A A afers Chilopsis linearis
- E——
Datum: NAD83 20-
Projection: UTM Zone 11N g
[ 15 -
Habitat suitability score =
€ 10-
Bl o-0o1 [ ]o5-06 i
B o1-02 [ ] os6-07 § o I I
[ 02-03 [ 07-08 o m o Il l
[ ]o3-04 [ 08-09 ARM  HL  Slope = SWS = Tmax TPl WP
CMD MAXN SP Text Tmin Trange
[ ] o4-05 [ 09-1 Habitat predictor
T T T T T

52



Linear predictor

Linear predictor

Linear predictor

10 0
|

1

]

-40 -SIO -20
| |
1

-50

-60
|

[ I I I [
500 1000 1500 2000 2500

Climatic water deficit

i~

! I ! I
-10 -5 0 5

Winter minimum temperature

N/

|
100

I | [ | I
300 500

Winter precipitation

Linear predictor Linear predictor

=

Linear predictor

-10

e

-12

0.0 0.5

-0.5

-1.0

-1.5

[ | [ [
120 140 160 180

NDVI maximum

[ I I
-0.1 0.0 0.1 0.2

Soil water stress

Linear predictor

Linear predictor

Linear predictor

GAM response curves for Chilopsis linearis

[ I [ I
600 800 1200 1600

Surface texture

: /V\

| [
6 8 10 12 14

Topographic position

I

]

[ I I [ [
075 080 085 0.80 0.5

o~
-

Heat load index



Partial dependence

Partial dependence

0.205

Partial dependence

ol

0.225
|

0.215
|

[ I [ I I
500 1000 1500 2000 2500

Climatic water deficit

|

0.195

[ I I I I [ I
15 20 25 30 35 40 45

Summer maximum temperature

! I !
-10 -5 0

Winter minimum temperature

I
5

Partial dependence

Partial dependence

Partial dependence

8 8 |
S] m S
< B _
Py @
o S
m o “_|
N | T v
N— c o
o * ‘\d— M
[0) _
IS °
e [
o = 0
\ £ 5]
e} o
S| i
= ) U
5 g |L
T T T =} 1 1 T T 1
30 35 40 110 130 150 170
Annual temperature range NDVI maximum
o _r\r-*\/
(ap o -
o g—
= § Te) I A
[=} L A4 =
: © "\
w0 o]
AN - <
S T o L
@
& % w0
(=} g—
o o \
o |H ~
T T T T T T T T T T T
100 200 300 400 500 600 800 1200 1600
Winter precipitation Surface texture
© - —
N— ~ -
o N
o
S 3 &
o M % o
2 o
@ _
8 g o
o o
3 2
N g <1
o ©
e
=N,
s U ~ | -
T T T T T e T T T T T
50 100 150 200 250 6 8 10 12 14

Summer precipitation Topographic position

Random Forest response curves for Chilopsis linearis



Predicted value

Predicted value

Predicted value

w0 _| ] -
Q —
i «_| r
S L
<_| ~
© 4 @_|
f g © g o l
X M T T ° |
(=] b b
el el "lN
o o | £ N
S o o =] \
N he] T O
S 3 o \
o o \
- < N_|
= o7 \ ©
o_| ™ o]
< T T T T T 1 T 1T T T 1 o T T T T T T
500 1000 2000 100 300 500 700 400 800 1200 1600
Climatic water deficit Winter precipitation Surface texture
0y
M M [}
Q ] <t F B
5 _ -
° m i \J S J
\ "1
o S o] L 3
) — g e g o)
i E | E ° | \/
a L Q2
T o -
9} 9}
8 i o
o [=}
S
0 ]
o] o | 1 ©
— 1 1 1 1 T 1 © T T T T T T T T T T
15 20 25 30 35 40 45 120 140 160 180 6 8 10 12 14 16
Summer maximum temperature NDVI maximum Topographic position
«Q_
=} - Q| _
[=} = _|
[}
~ -
' 4
| [T} ™
o -
©_| RS ‘\ 3 ° \
o M g g
o = o
£ L oo
[T} O un L o
3 | T N o
°© e 5 o
o o
< ot — -
S [=]
0
re) \J o (=] )l_l_
= =
T T T T T T T T T T T T T T
25 30 35 40 -02 -01 0.0 0.1 0.2 0.75 0.85 0.95
Annual temperature range Soil water stress Heat load index

MaxEnt response curves for Chilopsis linearis



14. Cryptantha micrantha SDM and response curves (GAM, Random Forest, Maxent)
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15. Cryptantha nevadensis SDM and response curves (GAM, Random Forest, Maxent)
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16. Descurainia pinnata SDM and response curves (GAM, Random Forest, Maxent)

400000 500000 600000 700000 800000
L 1 1 L (]
Fone e o, N
g
N)l':yo?\l‘
Fomst
(=3 -
o= ” =
o ?
S iRsrEr
- 7 Patk
5 [ :
o
‘Puk‘
o % 4
=% Q —
(=3 £
(=3 e
g <
< Nilow::l
Fomst
refield
o
o= —
(=3
o
(=3
3
4, Santa
Clarita
°- —
g Simi-Valley
3 housand ~ ngele Ranch
a Monca) AnLgoe?és Pomona Riverside
Corona 5686 ft
Anaheim ;
ach! Santa Ana
Murrieta D NSO AN =
8- Ay N
S ety Pk Sait Chocolate Kofa Natonal
"; - @ MInAa::l,a‘lm. v\ﬁwﬂe
I S Descurainia pinnata
T
Datum: NAD83
Projection: UTM Zone 11N g '
=
- - -gw )
Habitat suitability score 8 10-
E
B o-01 [ ]os5-06 <
- 5-
I o1-02 [ ] 06-07 5 II II I
[ 02-03 [ 07-08 - A
l N _ AHM HLI Slope  SWS  Tmax TPI WP B
|:I 0.3-04 - 0.8-0.9 CMD AMP SP Text Tmin Trange
|:| 04-05 - 09-1 Habitat predictor
T T

64



Linear predictor

Linear predictor

Linear predictor

-0.5

05 1.0

0.0

-1.0

-1.5

-

7 1L
] -
T o
2

°7 LA

Linear predictor

I
0 100

[
300

Annual heat/moisture index

/

I
-10

Winter minimum temperature

I
-5

30

]

35

//
O
1 1 T T T T T T 1
500 700 100 300 500 700
Winter precipitation
» ol N
™
1 w_|
5 o
o v M
M o
O v
g o
8 o
5 o7 A
o | I
o
<
T T T T T
0 5 50 100 150
Summer precipitation
— C}l_
S
©
o
M 2
o ﬂl“_
R @
A 2
-
E‘Q_
{XIJ_
T T T T T
40 10 20 30 40

Annual temperature range

NDVI amplitude

Linear predictor

Linear predictor

Linear predictor

-1.0

-1
|

1.5

| I I ! [
600 1000 1400

Surface texture

0
|
]

-0.5
]
——

-1.5

-2.0
1

| | I [ [
6 8 10 12 14

Topographic position

GAM response curves for Descurainia pinnata

65



Partial dependence Partial dependence

0.28 0.30 0.32 0.34 036 0.38 040

Partial dependence

0.28 0.29 0.30 0.31

0.32 0.34

0.30

©
N
o

0.32 0.33

[ I I [
500 1000 1500 2000

Climatic water deficit

I
|

i

I I ! I [ [
20 25 30 35 40 45

Summer maximum temperature

|
ST

! I I I
-10 -5 0 5

Winter minimum temperature

Partial dependence

Partial dependence

Partial dependence

Annual temperature range

- —

-

| I [
200 400 600

|
800

Winter precipitation
o™
@
o
Q
[op
=}
o]
o
o
&
S Tho
T T T T
50 100 150 200

Summer precipitation

Partial dependence

Partial dependence

Partial dependence

NDVI amplitude

(=]
ﬂ:_
o -
wn
)
o
QM
[op
21N
T T T T T
0 10 20 30 40
Slope
o —
<
o
©
[op —
o
o
@
o
1 N
N
. M
o
o
T T T T T
600 800 1200 1600

Surface texture

Random Forest response curves for Descurainia pinnata



Predicted value

Predicted value

Predicted value

0i2

(=
I

0.4

0.2

0.1

[
0 200

[
600

Annual heat/moisture index

y

[
400

>

Predicted value
03 04 05 06 07 08 09

0.5
| |

0.4

0i3

0.1

I

| I I
500 1000 2000

Climatic water deficit

/

——
i, i |
T

-1

I I T
5 -10 -5 0

m—]:|—l

Winter minimum temperature

Predicted value
03 04 05 06 07 08 09

Predicted value

SN\

| |
WV al
7z
[ 4
|

|

T T T T
25 30 35 40

Annual temperature range

=
L

|

|
Sy
ey

1

A
T T T T
0 200 400 600 800
Winter precipitation
™~
S n
©_|
o
wn
24
=
ST —
(]
P
N
(=]
;_
T T T T 1
0 50 100 150 200 250

Summer precipitation

Predicted value

Predicted value

0.4

Predicted value

OI.S 0.4 0i5

0.2
1

0.1

0.8

0.6

0.2

0.7
|

0.6

0.5

03 04 :

0.2

7 |

T T T T T
10 20 30

NDVI amplitude

1

1

1

MaxEnt response curves for Descurainia pinnata

I,

I I [
6 8 10 12 14 16

Topographic position



17. Echinocereus engelmannii SDM and response curves (GAM, Random Forest, Maxent)
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18. Encelia farinosa SDM and response curves (GAM, Random Forest, Maxent)
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19. Ephedra nevadensis SDM and response curves (GAM, Random Forest, Maxent)
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20. Ericameria cooperi SDM and response curves (GAM, Random Forest, Maxent)
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21. Eriogonum fasciculatum SDM and response curves (GAM, Random Forest, Maxent)
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22. Eriogonum inflatum SDM and response curves (GAM, Random Forest, Maxent)
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23. Euphorbia albomarginata SDM and response curves (GAM, Random Forest, Maxent)
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24. Hilaria rigida SDM and response curves (GAM, Random Forest, Maxent)
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25. Krameria bicolor SDM and response curves (GAM, Random Forest, Maxent)
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26. Krameria erecta SDM and response curves (GAM, Random Forest, Maxent)
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27. Larrea tridentata SDM and response curves (GAM, Random Forest, Maxent)
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28. Lepidium lasiocarpum SDM and response curves (GAM, Random Forest, Maxent)
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29. Lupinus odoratus SDM and response curves (Random Forest)
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30. Lycium andersonii SDM and response curves (GAM, Random Forest, Maxent)
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31. Lycium cooperi SDM and response curves (GAM, Random Forest, Maxent)
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32. Lycium pallidum SDM and response curves (GAM, Random Forest, Maxent)
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33. Malacothrix glabrata SDM and response curves (GAM, Random Forest, Maxent)
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34. Mirabilis laevis SDM and response curves (GAM, Random Forest, Maxent)
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35. Muhlenbergia porteri SDM and response curves (GAM, Random Forest, Maxent)
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36. Oenothera cespitosa SDM and response curves (GAM, Random Forest, Maxent)
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37. Oenothera deltoides SDM and response curves (GAM, Random Forest, Maxent)
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38. Oenothera primiveris SDM and response curves (GAM, Random Forest, Maxent)
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39. Opuntia basilaris SDM and response curves (GAM, Random Forest, Maxent)
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40. Penstemon palmeri SDM and response curves (GAM, Random Forest, Maxent)
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41. Plantago ovata SDM and response curves (GAM, Random Forest, Maxent)
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42. Psorothamnus fremontii SDM and response curves (GAM, Random Forest, Maxent)
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43. Salvia columbariae SDM and response curves (GAM, Random Forest, Maxent)
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44. Sphaeralcea ambigua SDM and response curves (GAM, Random Forest, Maxent)
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45, Stephanomeria exigua SDM and response curves (GAM, Random Forest, Maxent)
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46. Stephanomeria parryi SDM and response curves (GAM, Random Forest, Maxent)
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47. Vulpia octoflora SDM and response curves (GAM, Random Forest, Maxent)
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48. Yucca brevifolia SDM and response curves (GAM, Random Forest, Maxent)
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49. Yucca schidigera SDM and response curves (GAM, Random Forest, Maxent)
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Partial dependence Partial dependence
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Disclaimer

Any use of trade, firm, or product names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.
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