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RC-1207: IMPACTS OF LAND USE AND CLIMATE CHANGE ON MOJAVE DESERT TORTOISES
GENE FLOW AND CORRIDOR FUNCTIONALITY

Phase Il
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Corridor
Functionality

Performers: UNR, USGS

Technology Focus
« How will land use and climate change impact Mojave desert tortoise
gene flow and corridor functionality?

Research Objectives

» Present/future habitat and population connectivity

» Gene flow among differing climate futures

* Identify species under the desert tortoise ‘umbrella’

* Installation specific management and strategic partner
recommendations
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Genetic
Connectivity
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Tech Transfer and
Management Rec-
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Phase IV
Umbrella
Assessment

Project Progress and Results
* Tortoise DNA sequencing, habitat and connectivity under future land
use and climate, umbrella assessment

Technology Transition

» Assess potential for dynamic land use/climate/impact mapping with
DoD
installations
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Habitat Modeling

Expanded Dataset of Tortoise Locality data




Sampllng Design- Spatial Patterns of Diversity/Connectivity
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Habitat Modeling (Current Period)

Updated “Global” SDM — Ensemble Approach
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Habitat Area (Future Scenarios)

L ( Range-wide Habitat Area DoD Habitat Area

12500~

90000~
J

12000~

i 11500~
Y
11000~
\

70000~ N

10500~

10000~
2020 2040 2060 2080 2020 2040 2060 2080 —— RCP 2.6

NPS Habitat Area CHU Habitat Area — RCP 4.5

= —— RCP 6.0

Habitat Area (km~”™2)

13000-
1 )k
= — RCP 8.5
22500~
12000~
20000-
11000-
17500-

Habitat Suitability

0.96
0

(] Military Bases ; _— 56504
- CHU -

NPS O-go km A 2020 2040 2060 2080 2020 2040 2060 2080 9
':‘.".v:.‘::é. Ye a r




Habitat Modeling (Current Time Period)

Regionally Weig

nted Models
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Habitat Modeling (Current Time Period

Regionally Weighted Models
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Habitat Modeling (Current Period)
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Habitat Modeling (Current Period)

AUC = 0.93
1SS =0.76
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Habitat Modeling (Future)

Regionally Weighted Models
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Habitat Modeling (Future RCP 8.5 2099)
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Phase lll: Genetic Connectivity

Existing
SNP’s

Spatial Patterns
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Sampllng - Spatial Patterns of Diversity/Connectivity

Sampling Methods

Population Genetic Divergence
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Spatial Patterns of Diversity/Connectivity

Final Genetic Data Selection

* Analysis of genetic
divergence across the
Mojave Desert was used
to identify existing
samples for this study (n
= 494)
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Spatial Patterns of Diversity/Connectivity
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* (A) Inter-population geographic distance plotted against genetic distance
- (B) Mantel correlogram of spatial trends between inter-individual genetic and geographic distances
« Classic pattern of isolation by distance
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Genetic
Clusters/Populations
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Spatial patterns in genetic clusters (sNMF); pie charts represent individual admixture proportions
(A) Barplot of individual-level admixture
(B) PCA plot (imputed allele frequency matrix); points are colored to match the primary cluster

(C) Generational migration rates between genetic clusters (BayesAss3); line width scaled to the magnitude of migration; migration26ates >
0.01 are displayed



Adaptive
Genetic
Associations
with Climatic ¢
Variables
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pPRDA identified 653 SNPs that may be under divergent selection/are adaptive
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* Higher gene flow resulted in higher adaptive genetic
variation compared to neutral loci

« Adaptive genetic diversity is strongest in the northeast
Mojave (high divergence and migration)

* Neutral genetic diversity is strongest in the central
Mojave (low divergence, high gene flow)
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* Connectivity Modeling

Eight Mojave Sites
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Modeled population effects in habitat impacted by barriers to movement (urban areas, roads and railroads); compared to unimpacted
landscapes; treated as both full and leaky barriers

Simulations used agent based models; 10,000 year iterations; 10 repetitions each

Empirically based estimates for mortality, reproductive, and dispersal rates 23



Degraded No Barrier

Connectivity

« The “no barrier” scenario had the lowest
Fst(0.042), highest H, (0.772), and highest
population number .

« Changes to H, affected edge regions ;"g’ M
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higher adaptive genetic potential and less
habitat loss
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« All were found to significantly reduce genetic connectivity

Connectivity Modeling

» Pairwise comparisons of regions affected by barriers show the relative impacts of different barrier permeability

« More restrictive roadways resulted in the highest level of impact

Pairwise Fst between sites divided by a road or railroad

Class 1 Class 2 Class 3 & Railroads
150 - H
100+
e
K%)
c
[}
()]
50 1
0 - PN
0.00 0.05 0.10 0.15 0.00 0.15 0.00 0.05 0.10

Pairwise Fst

Scenario

Barrier

E’ Degraded

No Barrier

25



e ———
e
-

S :




California

— e W ey

Arizona

A

L _1 Desert Tortoise Model Area

LCC + USGS Study Area

1 Desert LCC

2 USGS Studies

3 Clark County Study Area

Umbrella Assessment

Acquired distribution models for 113 species

Developed a continuous umbrella metric to

determine the overlap of habitat for tortoises with
other species in the Mojave

Evaluated areas of highly suitable habitat for
these species within tortoise habitat
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Umbrella Assessment

« Commonly used methods do not consider the joint value of overlapping habitat,
nor the difference in extent of habitat




Umbrella Assessment

Number of Species

Distribution of Umbrella Scores

15-

« Species distribution models for 113

species
o 26 of conservation concern (IUCN, federal, state or
agency)
o 17 modeled to the extent of Clark County extent,

Sensitive Nevada
o 9 modeled to the extent of the Mojave

[
o

No
- Yes

« Species of conservation concern had
> relatively lower overall umbrella scores
0.5 0.6 0.7 0.8

Umbrélla Index Séore
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Umbrella Score
Sensitive Species

Death- 29 28 27 07 23 26 21 1.5 2.2

Josh- 44 43 38 1 46 4.8 25 1 3.1

Mead- 1.7 33 29 6 366 29 19 0.9 2.1
Mojave- 52 35 37 14 52 46 27 14 4.9 U l I l b rel Ia

Tule- 32 39 52 24 37 55 21 1 2.7

NPS- 3.5 3.2 3.1 1.5 3.4 3.3 2.3 1.3 2.9

CIL.) Wilderness- 3.4 41 33 28 41 42 31 1.8 2.8 A .t
@) ACEC- 41 45 34 24 4.4 5 3.8 4.3 3.3 Score SseSS| I len
(qo} Red Rocks- 2.3 2.1 3 6.3 2.6 2.8 0.8 0.7 4.7

— Sloan- 41 35 23 44 54 45 2 1.1 4.7 . s

;—U Beaver Dam- 1.1 35 3 0.9 56 22 15 0.9 5.4 10

— BLM- 3.e 4 3.3 3.4 4.2 4.3 3 3.2 3.5

S Twentynine- 44 52 as 1 3.8 5.6 5.4 2 2.1 5

% Nellis- 2.4 2 28 26 23 27 09 08 3.5

1 Marine- 6.5 6 43 09 21 65 59 1.8 3.2

Irwin- 62 48 32 07 29 6.2 34 7.8 3.1
George- 66 49 59 1.2 1.9 45 6.3 3.8
Edwards- e.5 5 4 1 1.8 4.8 4.7 - 3.9

China- 3.4 3.5 3.5 0.8 2 3.2 2.4 7.7

5.9

3.2

DOD- as 4.1 3.4 1.4 2.8 4.7 3.1
Overall- 3.7 3.8 3.3 2.5 3.7 4.1 2.9

« Umbrella scores differed between land

o o © {’7 lfz} Ic'z} . ¢,§” 0 r
& § gjéso Q~§ & s & <& management entities
o S F¥FEF LT S & - DoD lands showed some of the
S :
S e & L S S £ © O&" highest umbrella scores
L& Qer & _é” _é” N o Key species: Lane Mountain Milkvetch, Le Contes
V(? < ~ P{SINVAS ~ Thrasher, Fringe toed lizard, Mohave Ground
< & Squirrel
3 $
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Umbrella Assessment

Umbrella Score
Sensitive Species

Overall- 21.1 145 21 17.4 19.7 211 17.8 206 194 17.4 195 17.5 17.2 17.6 16.2 17.9 16.1 20.7 19 232 19.2 24.7 23 25.9

DOD-1115" 134 26.7 23.3 25.9 17.7 24 [109 25.3 FocH 23.1 BBl 129 286 15 EEENGIEN 21.6 149 133 - 25.1 12.2 24.6

BLM- 209 8 20 166 '16:1) 20.2 F1457 19.3 17.2 (B4B) 184 193 21.3 17.7 19.2 JI5 7 NEHEN 2> > 23.7 [SENNGGE 24.8 235 25.7

BLM Conservation- 124 6 20.3 189 17.3 20.2 19.1 11.3 19.2 | 57 16.9 282 27.3 27 27.6 6.8 9.2 265 339 248 17.9 17.5 195 17
BLM Red Rocks- 122 54 21.3 19.7 18.4 20.8 20.1 87 202 53 17.5 31.5 292 31.2 265 4.8 8.1 27.7 36.8 207 19.2 15.7 15.7 15 Score
BLM ACEC- 26.5 79 20.6 16.1 14.9 21.4 122 23.3 154 14.6 18.7 13.4 20.2 12.2 17.7 16.7 15.1 19.7 20.7 34.2 11.6 28.3 25.9 30.7 . 50
BLM Wilderness- 86 61 145 139 12.6 16.7 13 14.7 13.8 /58 125 11.3 222 14.6 25 142 124 17.8 16.4 18.7 83 15.2 22.7 14.5 :g
BLM Other- 19.7 98 21 17.2 18.8 19.4 17.3 185 21 23.7 21.3 27.9 21 235 16.2 19.7 14.2 20
BLM Sloan- 14 88 16 157 125 17.6 146 225 14.7 | 7.7 14 139 19.1 9 325 155 14.2 g i

NPS- 25.9 - 23.8 25.3 28.4 22.3 [37.7 22.7 30.5 24.6 | 81 17.3 11.8 15 - BB 15.9 #8170 16.8 13 28.9 324 27.4
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Clark County, Nevada had a great number of species modeled, less on DoD administered lands

NPS had much higher umbrella scores overall; DoD showed higher values for two plant species
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A Mojave Desert
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H Plant 8 Bird B Reptile o Amphibians had lower scores in the Mojave
o Invertebrates had lower scores in Clark County, Nevada
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Lo 1 x

D.7 1 o
0.65 1 —

0.6 -
0.55 1

0S4
0.45 A

0.4 -

M Invertebrate M Plant B Mammal B Bird [J Reptile 32



i
it

k.. Umbrella Assessment

o o

~ Tortoise Habitat Suitability

" High

~ _Low

0 100 Km
| 1 ]

The tortoise has high umbrella scores for many species of concern throughout its range
DoD lands are prevalent in the western extent of tortoise habitat and have higher scores for several species of concern

Umbrella concepts only work if conservation actions are upheld/implemented; this is not the case for much of the
Mojave
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Key Points

Desert tortoises exhibit genetic structure among populations that has been formed
through their existence in a connected landscape

Current and future habitats are impacted (i.e. lost and degraded) by anthropogenic
barriers that will reduce connectivity among tortoise populations

Climate change will reduce the extent tortoise habitat overall, with losses generally
associated with higher RCP forcing scenarios (4.5, 6.0 and 8.5), however DoD lands are
expected to increase in desert tortoise habitat area - making them key in the
sustainment of DT in the future

DT do have high overlap with many other sensitive species, and DoD lands tend to have

higher overall Umbrella scores with those species. This suggests that DoD efforts to
conserve DT habitat will benefit many other species.
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