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ENVIRON 761.:
Conservation Planning &
Biodiversity Support Potential

Instructor: John Fay



|. Conservation Planning



Conservation Planning

C. R. Margules* & R. L. Presseyt

* CSIRO Wildlife and Ecology, Tropical Forest Research Centre, and the Rainforest Cooperative Research Centre, PO Box 780, Atherton,
Quieensland 4883, Australia

The realization of conservation goals requires strategies for managing whole landscapes Including areas
allocated to both production and protection. Reserves alone are not adequate for nature conservation but they
are the cornerstone on which regional strategles are built. Reserves have two main roles. They should sample
or represent the blodiversity of each reglon and they should separate this blodiversity from processes that
threaten its persistence. Existing reserve systems throughout the world contain a biased sample of
biodiversity, usually that of remote places and other areas that are unsuitable for commercial activities. A
more systematic approach to locating and designing reserves has been evolving and this approach will need
to be Implemented If a large proportion of today's biodiversity Is to exist in a future of increasing numbers of
people and their demands on natural resources.

Nature 405, 243-253 (11 May 2000)



http://www.nature.com/nature/journal/v405/n6783/full/405243a0.html
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Systematic Conservation Planning

Measure and map biodiversity

ldentify conservation goals for the planning region

Review existing reserves o
g 4/3 & 4/8 ] Optimization

Prioritization

Select additional reserves
Implement conservation actions on the ground
Manage and monitor reserves Change detection

Nature 405, 243-253 (11 May 2000)



http://www.nature.com/nature/journal/v405/n6783/full/405243a0.html

Conservation Planning Units

Land tenure areas in Papua New Guinea ranked by conservation potential

Nature 405, 243-253 (11 May 2000)



http://www.nature.com/nature/journal/v405/n6783/full/405243a0.html

Conservation Planning Units

How do we parse a landscape into planning units?

Boone & Krohn (1999) http://www.gap.uidaho.edu/bulletins/6/SO.htm



http://www.gap.uidaho.edu/bulletins/6/SO.htm
https://web.archive.org/web/20090401020828/http:/www.gap.uidaho.edu/Bulletins/6/SO.htm

Conservation Planning Units

How do we parse a landscape into planning units?

— Political (counties, townships, etc.)
— Land tenure (timber blocks, parcels)
— Tessellated shapes (blocks/hexagons)

— Natural features (HUCs, roadless areas)

— Arbitrary (protected areas)
TRy . RICHNE



http://www.biogeog.ucsb.edu/projects/epa/epa_rpt.html

EPA’s EnviroAtlas

i Ecosystem Services People and Supplemental Analysis Mapping Clear DataLayer I
EnviroAtlas and Biodiversity Built Spaces Maps Tools Tools Layers Matrix

g """""f‘ ;
t;.

2

National

Clean Air

Clean and Plentiful Water

Natural Hazard Mitigation

Climate Stabilization

Recreation, Culture, and Aesthetics

— [V]RECREATION, CULTURE, AND AESTHETICS & e

+ []Land Cover o ’
+ []Climate ]

[0 gy

|
o'

HUC 121D: 030300020102 Map Legend

‘Boundaries

Percent land with any IUCN 0.3

— [V]Protected Lands ) status Sta’les

1
;“ — [V]Protected Lands (IUCN Ranks) @

|Zj Percent land with any IUCN status &
o O

[ Parcant ILICK ctatuc 1A

Recreation, Culture, and Aesthetics
Food, Fuel, and Materials

Percent land with any IUCN status

— Biodiversity Conservation 0
:_£ 0-07
v —
4 : A & 9% . 07-48

Ll F L)
= g ?

[ a : = W 425
8 d a - ? o2 ; Il 25-100
-
Latit\lde;iﬁ.l%396’Lovlgitude:-8?.L29883“ l IR D, NERL. EI'NIFOAUEHE“WOM

http://enviroatlas.epa.gov/enviroatlas/InteractiveMapEntrance/InteractiveMap/index.html



http://enviroatlas.epa.gov/enviroatlas/InteractiveMapEntrance/InteractiveMap/index.html

Il. Upscaling Habitat Metrics
to the Planning Unit



Conservation Planning Units

MOGOLLON PLATEAU

12-digit Hydrologic Unit Codes
“HUC12s”

N =142

Area: 27.4 to 180 km?



Patch metrics 2 P.U. metrics




Patch metrics =2 P.U. metrics

O
G- By O x
HUCPatches
Rowid | VALUE | COUNT § HUC12_S0ME HABPATCH| PATCHAREA_HA| COREAREA_HA | AVGDISTTOEDGE | COREAREARATIO | SHAPEINDEX | CONNECTEDAREA | IDWAREA | DEGREE | BETWEENNESS | CLOSENESS
3 a 1 471 1 1 381.51 55984 130.3 0.1571 4 83814 1448 553 19 8.8947 0.0003
1 2 a9 131 2 2019 19.44 148 02424 221108 1317 416 13 0.4728 0.0002
2 3 8 13 2 548 o 947 o 1.94454 1391 481 13 0.4728 0.0002
3 4 143 131 3 115.83 10.53 1217 0.0809 2.88504 1435 823 14 8.8947 0.0003
4 £ 5 131 1 4.05 o 80 o 201248 1826 a7 19 8.8947 0.0003
5 6 128 1 2 103.68 243 1042 0.0234 4 28683 1283 383 13 0.4728 0.0002
6 T 42 131 4 34.02 o 984 o 23817 1786 1016 19 8.8947 0.0003
T a 236 131 £ 191.16 2987 1326 0.1568 3.48255 1639 874 19 8.8947 0.0003
8 9 172 1 6 1358.32 567 182 0.407 1.82893 2770 524 18 24807 0.0004
9 10 26 1 T 21.06 o 105.5 o 225534 1809 957 19 8.8947 0.0003
10 11 200 131 a 162 63.85 2031 0.425 243852 1577 288 19 a 0.0002
11 12 18 131 T 14.58 o 941 o 258272 1815 873 19 8.8947 0.0003
12 13 178 1 a 14418 8424 2682 0.5843 202374 1455 852 15 a 0.0002
13 14 112 131 9 80.72 17.01 1367 01875 2.50401 1739 S04 19 8.8947 0.0003
14 15 26 1 10 21.06 1] 1027 1] 1. 666599 3050 5598 19 2.4807 0.0004

Patch geometry and connectivity




Patch metrics 2 P.U. metrics

i N
"t\% Summary Statistics g

Input Table

| HUCPatches =l @

Output Table
C:\Temp'\Exerdse4_BiodiversityInProgress\soratch\HUCStats

Statistics Field(s)

Field Statistic Type Il
PATCHAREA_HA SUM
Wl PATCHAREA_HA MEAN :
. COREAREA_HA SUM
COREAREARATIO MEAN
SHAPEINDEX MEAN
CONMECTEDAREA SUM
DEGREE MEAN \
' 1 | P \‘

Case field (optional) A Fad Value
Class value 2
HUC12_90M Pixel. value 93
Rowid a6
Ll COUNT 17224
HU_12_MAME Walnut Creek-Upper Lake Mary
FREQUEMCY 12

SUM_PATCHAREA _HA 1176.93
MEAMN_PATCHAREA H 98.0775
SUM_COREAREA_HA  213.03
MEAN_COREAREARAT 0.084475
MEAN_SHAPEINDEX 2,869969 106666607
SUM_COMMECTEDARE 280168
MEAN_DEGREE 100,75
MEAN_BETWEENMESS 2.55771565666567

[ Ok ] [ Cancel ] E MEAN_CLOSEMESS 4,33333333333333E-04




I1l. Biodiversity Calculations



Landscape Prioritization: Biodiversity

Prioritize patches
that protect other
species too...



Measuring Biodiversity

What does it mean if A “has more biodiversity” than B?



Measuring Biodiversity

 Richness

— Abundance

* Evenness
— Shannon's diversity index
— Simpson's diversity index

* Endemism & Rare species



Measuring Biodiversity: Abundance

The number of individuals of a
species present within an ecosystem...

XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX 58
XXXXX XXXXX XXXXX
XXXXX XXXXX XXX

XX XXXXX XXXXX
XK XXXXX XXXXX 46
KOO0 XXX XXXXX X




Measuring Biodiversity: Richness

The number of different species
found within an ecosystem...

XXXXX XXXXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXX n=58

3 species

XXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXXX X

XX

XX n =46

6 species




Measuring Biodiversity: Evenness

The relative abundance/proportion of
individuals of a given species...

p
XXXXX XXXXX XXXXX XXXXX XXXXX = 43-1%
XXXXX XXXXX XXXXX XXXXX 34.5%
XXXXX XXXXX XXX 22 4%

n=>58
XXX XXXXX XXXXX XXXXX 43.5%

XXXXX XXXXX XXXXX 32.6%

XX 4.3%

4.3%




Measuring Biodiversity: Evenness

Shannon's Index (H)

JOOOOC 2O XK XXX XXXXX
XOOOOC XK XXUXX XXXXX
OO XXXXX XXX

S
H = —Zﬁélﬂﬁi
i=1

p; = proportion

Spp Count p -p*In(p)
nl 25 0.431 0.363
n2 20 0.345 0.367
n3 13  0.224 0.335
N 58 1.065
XXXXX XXXXX XXXXX XXXXX SppID Count p -p*In(p)
XXXXX XXXXX XXXXX nl 20 0.345 0.367
XXXX
n2 15  0.259 0.350
XX n3 4 0.069 0.184
xX n=46
e
n5 2 0.034 0.116
né 2 0.034 0.116
N 46 1.287

{——

Values reflect both richness and evenness




Measuring Biodiversity: Evenness

Shannon's Equitability Index (E)

JOOOOC 2O XK XXX XXXXX
XOOOOC XK XXUXX XXXXX
OO XXXXX XXX

XXXXX XXXXX XXXXX XXXXX
XXXXX XXXXX XXXXX
XXXX

XX
XX n=46

T

E = H'/Hmax

1.099 | 0969 | {mmmmmm

H_ .. = In(richness)

Spp Count p -p*In(p)

nl 25 0.431 0.363 In(3)
n2 20 0.345 0.367

n3 13 0.224 0.335 Hmax H/Hmax
N 58 1.065
SppID Count p -p*In(p)

nl 20 0.345 0.367

n2 15 0.259 0.350

n3 4 0069 0.184 In(6)
n5 2 0.034 0.116

n6 2 0.034 0.116 Hmax" H/Hmax
N 46 1.287

1.792 0713| (Tmmmm




Measuring Biodiversity: Evenness

Simpson's Index (D) Z::'S:l ”t’(”i — 1:" n; = # indiv. of a species
j"l.,r( N — 1) N = total # individuals

JOOOOC 2O XK XXX XXXXX
XOOOOC XK XXUXX XXXXX
OO XXXXX XXX

SppID Count n(n-1)
nl 25 600
n2 20 380 ( _n*(n-1) )
n3 13 156 N*(N-1)

N 58 3306 0.344  —

XXXXX XXXXX XXXXX XXXXX

XXXXX XXXXX XXXXX

XXXX SppID Count n(n-1)
nl 20 380

XX n2 15 210

o BELE n3 4 12

@ ns 2 - ( _n*(n-1) )

né 2 2 N*(N-1)

N 46 2070 0.296 {——




Measuring Biodiversity: Evenness

Simpson's Index of diversity (1/D)

JOOOOC 2O XK XXX XXXXX
XOOOOC XK XXUXX XXXXX
OO XXXXX XXX

SppID Count n(n-1)

nl 25 600

n2 20 380 X(n*(n-1))

n3 13 156  N*(N-1) 1/D

N 58 3306 | 0344 | 2.91 | (e

XXXXX XXXXX XXAXX XXXXX
XXXXX XAXXX XXAAXX
XXXX SppID Count n(n-1)
nl 20 380
XX n2 15 210
o LSS n3 4 12
@ n5 2 2 Z(n*(n-1))
né 2 2 N*(N-1) 1/D

N 46 2070 0.296 3.38




Measuring Biodiversity: Endemism

Are there patches that contain species found nowhere else?

In how many patches does a species exist?




Measuring Biodiversity: Analysis

* Analysis begins with a list of the species
occurring within each planning unit

E Attributes of Occurrences

A0 kY R3] RD R

34
1
a1
G4

G7
IR

P.U. species Code ZoccUlTences
» 1 34 1
- 1 36 10
1 B 13
r 2] 3| 75,
2 &7 13?'—-}

147
2
=)
1

121
A

PU #2 has an
abundance of 137
individuals of Spp. #67



Measuring Biodiversity: Analysis

* Richness = # rows for each planning unit

E Attributes of Occurrences

HEIN

O

IR

P.U. species Code ZoccUlTences
1 34 1
1 36 10
1| B | 13
2| 36| 78
| 2 57 137 |l
i 2 7E 3|
i 2 i 147|
i 2 7 2|
i 2 =1 79|
I 2] 64 | 1
3 67 | 121
=

7 different species are
observed within PU #2



Measuring Biodiversity: Analysis

 Shannon Index = - X [p, * In(p, )]

E Attributes of Occurrences

— PU #2 has a
J P.U. species Code ZoccUlTences
- 1 o 1 Shannon Index
- 1 36 10
1] 57 | 13 N P p *In(P) Of@
R 2| 36 | 78| 78 16.4% -0.297
B 2 67 137) 137 28.8% -0.359
B 2 7E At 31 6.5% 0.178
B 2 34 147 147 30.9% -0.363
B 2 7 2| 2 0.4% -0.023
B 2 =1 79| 79 16.6% -0.298
[ 2] 64 | 1 1 0.2%  -0.013
B 3| 67 | 121 475 -1.531
2 IR f=Ta




Measuring Biodiversity: Analysis

So how do we get this table??

Bl Attributes of Occurrences

| P.U | Species Cod ZoCcCUITences

k 1 34 1
= 1 36 10
- 1 &7 13
- 2 36 7o
- 2 67 137
- 2 TG K1
- 2 34 147
= 2 71 2
- 2 a1 73
] 2 64 1
3 B7 121

o i

Spatially combine species occurrence data with
our HUC 12 planning units...



IV. Finding Data to
Estimate Biodiversity



Species Occurrence Data — A Challenge

* Natural Heritage Element Occurrences (NHEO) data

e Biodiversity Information Serving Our Nation (BISON)
* Global Biodiversity Information Facility (GBIF) records
* GAP Species Distribution Models

e Other sources? iNaturalist?



Natural Heritage Element Occurrences

http://explorer.natureserve.org/

NatureServe
@ EXPLORER. An Online Encyclopedia of Life

Search ) AboutUs | Aboutthe Data || LocalPrograms | Help

Welcome to NatureServe Explorer, an authoritative source for
information on more than 70,000 plants, animals, and

ecosystems of the United States and Canada. Explorer includes
particularly in-depth coverage for rare and endangered species.

Species Quick Search

@

or search Species and/or
Ecological Communities &
Systems by Name, Taxonomy,
Location, or Conservation Status.

Highlights



http://explorer.natureserve.org/

NC Natural Heritage Portal

http://www.ncnhp.org/
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Click the links below to download these
shapefiles:

| Natural Heritage Element Occurrences



http://www.ncnhp.org/

NC NHEO data

.Bmm; X A | S i
5 " \_ hens

T ~)‘#’. 2
e / N

http://Imgtfy.com/?qg=nc+nheo+download

http://www.ncnhp.org/web/nhp/element-occurrences



http://www.nconemap.net/Default.aspx?tabid=286
http://www.ncnhp.org/web/nhp/element-occurrences
http://lmgtfy.com/?q=nc+nheo+download

Arizona Natural Heritage Portal

AZGFD HOME

| OMLINE SERVICES

B3| NEWSROCM

| HUNTING & FISHING

0| OUTDOOR RECREATION

B3 {WILDLIFE & CONSERVATION
Living with Wildlife
Comprehensive Wildlife e
% Arizona's Natural Heritage Program:

Jeaming VVin VVikgiTe .

Conservation & Manseement - HETItAage Data Management System (HDMS)
Heritage Fund Program

+

RELE_”:h The HDMS is part of a global network of more than 80 Matural Heritage Programs and
Technical Reports Conservation Data Centres. HDMS information is available so Arizonans can make prudent
Wildlife Related Diseases decisions weighing future development, economic growth, and environmental integrity.

Nongame Species

Arizona's Natural Heritage It identifies elements of concern in Arizona and consaolidates information about their status anc
Program (HDMS) distribution throughout the state.

- Arizona's Matural Heritage

- What is the HDMS? - On-line Environmental Review Tool

- Products & Services - Arizona's Natural Heritage

- Species Data Lists - What is the Arizona HDMS?

- Plant & Anmal Absiracts - Products and Services the HDMS offers

- Contact HOMS - . - . ..
Project Evaluation Program (PEP} ~ View Species data lists and status and ranking definitions.
Economic Impact - View Plant and Animal Abstracts, Distribution Maps & Hlustrations, sorted by Taxon below:
Special Permits o
Resources Amphibians Invertebrates Plants
0| INFCRMATION & EDUCATION Birds Mammals Reptiles
B3| IMSIDE AZGFD Fish
o Facs —

Looking for more information?

Qur resources page links to external clubs, associations, government and other Web sites to
help you find additional information.

Data Requests
Contact Us




NHEO data

* Estimated Representational Accuracy

Value

Definition

Very High (>95%)

Greater than 95% of the polygon is occupied by the element.

High (80%-95%)

Between 80% and 95% of the polygon is occupied by the element.

Medium (20%-80%)

Between 20% and 80% of the polygon is occupied by the element.

Low (5%-20%)

Between 5% and 20% of the polygon is occupied by the element.

Very Low (<5%)

Less than 5% of the polygon is occupied by the element.

Unknown

Percentage of the polygon occupied by the element is unknown.

(Blank)

An estimated representational accuracy has not been assigned.




NHEO data

e EQO Status

Value Definition
Extant The occurrence is known to still exist.
Historic The occurrence is old or recent surveys failed to found it, but there is no

evidence it is destroyed.

Destroyed The occurrence is known to be destroyed.

Unranked The rank of the occurrence has not been assigned.




NHEO data

* Category

Value Definition
Vertebrate ) i o )
. Includes mammals, birds, reptiles, amphibians, and fishes.
Animal
Invertebrate ) )
Animal Includes mollusks,arachnids, crustaceans, and insects.

Vascular Plant

Includes dicots, monocots, gymnosperms, ferns, and fern allies.

Nonvascular
Plant

Includes mosses, liverworts, hornworts, and lichens.

Natural A distinct and reoccurring assemblage of populations of plants, animals, bacteria, and
Community fungi naturally associated with each other and their physical environment.

Animal A concentration of animal species using the same site for a phase of their life cycle
Assemblage (feeding, reproduction, migration, hibernating, etc) e.g. bird colonies, bat or reptile

lubernacula, concentrations of migrating shorebirds, multispecific spawning grounds,
or multispecific mussel habitats.




BISON

https://bison.usgs.gov

USGS Home

USGS e

science for a changing world Search USGS

Biodiversity Information Serving Our Nation (BISON)

Home Search About Data Providers Help

Biodiversity Information Serving Our Nation (BISON) is a product of the U.S.

Geological Survey's Core Science Analytics and Synthesis Program. BISON is an
® by scientific name

information system that allows users to access, explore, and download U.S. - Search
e _— L - ITIS enabled search
species occurrence data from participating data providers. ~
by common name
§ Click on any point 3 i St R R SEAGTAE
to learn more about it . A : BISON Statistics
X i B ' Total Records: 126,357,352

' Georeferenced: 120,394,780
1 Taxa: 315,663
‘Data Providers: 307

o st e : Last Updated:
' Tuesday, December 31, 2013

..........................................

2. Anss pratyrivpmenos

Basis Type Ooservar
Ocowrrence Date 2008-05-16

*¥*%*What's New****
BISON now incorporates
ITIS taxonomy into search.



http://bison.usgs.gov/
https://bison.usgs.gov/

BISON

http://bison.usgs.ornl.gov/

T

: T ONEUEE]

pnino Co £ Coconino Co Coconino Co

L p——

Basemap Layers

P BISON Layers
SN - 3'"“ - Climate and Weather
P o Fiabs Agriculture & Soils
0,0 : Ecosystems and Regions
0
%. National Atlas & Demographic
@ © HUCs, Catchments, Land cover _
Print

Record Details generated with ITIS taxonomy.

Basis Type:Specimen Resource: Ilinois Natural History Survey
Occurrence Date:1973-08-21

bnino Co Provider:Illinois Natural History Survey

Basis of Record: specimen

Scientific Name: Andrena apacheorum

Resource:lllinois Natural History Survey
Show Details | Download

Common Names:
y State: Arizona
County: Coconino County

Provider: Ilinois Natural History Survey
Provider URL: http: //www.inhs.uiuc.edu

| Latitude: 35.5306

Longitude: -112.24

Precision: N/ B

Year: 1973

Occurrence Date: 1973-08-21

For more infarmation, or to make comments on this occurrence, please contact the provider.



http://bison.usgs.ornl.gov/

Global Biodiversity Information Facility

http: //www ghif.org/

O

00 ’
O g :
OMO O
O
O ) .
4 > A News - s Commum%- About ~
ler 2 8

Global Biodiversity . [
Inforﬁjg%tlon Facility

O

Publishing data
Using data

Infrastructure
O

O

. o . 9
438,379,565 219454,695 14,%519 591

O
o O

Sharing biodiversity Providing evidence for Collaborating as a
data for re-use research and decisions global community

Learn about GBIF Using data through GBIF Current Participants
Publish your data through GBIF Enabling biodiversity science How GBIF is funded
Technical infrastructure Supporting global targets Enhancing capacity

( Search news items and information pages... Search Q


http://www.gbif.org/

Global Biodiversity Information Facility

http://www.gbif.org/occurrence

Leaflet | Mapbox, OpenStreetMap contributors


http://www.gbif.org/occurrence

Occurrence overview

GBIF Data Portal

; =2

Occurrence search - Table view\

-4

Actions

View:

Specify:

Create:

Aves

Poecile
Poecile
Poecile
Poecile
Poecile
Poecile
Poecile
Poecile
Poecile

Download:

Scientific Name

Please add filters and click Search to perform a search for occurrences rec¥

species, area or time period that is of interest.

Dataset Institution Code
Project FeederWatch CLO
Project FeederWatch CLO
Project FeederWatch CLO
Project FeederWatch  CLO
Project FeederWatch CLO
Project FeederWatch CLO
Project FeederWatch  CLO
Project FeederWwatch CLO
Project FeederWatch CLO

Project Feederwatch CLO

Collection Code

PEW
PFW
PEW
PFW
PEW
PEW
PFW
PEW
PFW
PEW

Catalogue Number
QOBS25559803
0BS12839709
0B512839722
0BS12839746
0BS12839790
QOBS12839803
0BS12839843
OBS512839880
0BS12839917
OBS12839929

Basis of Record

Observation
Observation
Observation
Observation
Observation
Observation
Observation
Observation
Observation
Observation

Your current search

Bounding box is 84.5°W, 37.6°N, 84.4°W,

37.7°N

Country is United States

" © Change your current search
L]

Date

08/04/2005
22/11/2001
30/11/2001
23/12/2001
01/01/2002
19/01/2002
16/02/2002
01/03/2002
16/03/2002

37.608°N,
37.608°N,
37.608°N,
37.608°N,
37.608°N,
37.608°N,
37.608°N,
37.608°N,
37.608°N,

Coordinates

84.434°W
84.434°W
84.434°W
84.434°W
84.434°W
84.434°W
84.434°W
84.434°W
84.434°W

Country

United States
United States
United States
United States
United States
United States
United States
United States
United States

3I0/03/2002 37.608°N. 84.434°W  United States

l more accurate results for the

View

View




GAP Species Distribution Models

http://gapanalysis.usgs.gov/species/data/

a USGS

science for a changing world

National Gap Analysis Program (GAP) | Species Data Portal

SPECIES HOME VISION VIEWER DATA = RESOURCES NEWS CONTACTS

DOWMNLOAD METADATA STANDARDS STATISTICS HISTORY WEB SERVICES ADDITIOMNAL DATA

Species Data and Modeling

GAP is delineating species range and predicted distribution maps for more than 2,000 species that occur
within the continental US as well as Alaska, Hawaii, Puerto Rico, and the U.S. Virgin Islands {we will make
these maps and datasets available as they are completed). Our goal is to build species range maps and
distribution models with the best available data for assessing conservation status, conservation planning,
and research (e.g., climate change impacts).

B Download Species Data =

B Access web map services for completed species ranges and distributions ==

B Metadata for species data »>>



http://gapanalysis.usgs.gov/species/data/
http://gapanalysis.usgs.gov/species/data/download/

GAP Species Distribution Models

http://www.gap.uidaho.edu/portal/Species%20modeling/EndemicSpecies.html#tapp=8367&de93-selectedIndex=3
GAP predicted habitat models models for species endemic to the Southeast

The followving models are predicted habitat models for vertebrate speces whose U.S.
distribution is restricted to the Southeastern United States. They were created by the

Enter species’' common name to search

Set the option for filter

(#) Any vhere Occurring () Beginning With
=
Common Name Scientific Name
SOUTH MOUNTAIN GRAY-CHEEK!| Plethodon meridianus ;_1
RED-LEGGED SALAMANDER Plethodon shermani
CHEOAH BALD SALAMANDER Plethodon cheoah |
CHATTAHOOCHEE SLIMY SALAM, Plethodon chattahoochee
ATLANTIC COAST SLIMY SALAMZ Plethodon chlorobryonis
SOUTH CAROLINA SLIMY SALAM Plethodon variolatus J
OCMULGEE SLIMY SALAMANDER Plethodon ocmulgee | S
SAVANNAH SLIMY SALAMANDER @ Plethodon savannah i e
MANY-LINED SALAMANDER Stereochilus marginatus 2
BLACK WARRIOR WATERDOG Necturus zlabamensis
NEUSE RIVER WATERDOG Necturus lewisi
DWARF WATERDOG Necturus punctatus
STRIPED NEWT Notophthalmus perstriatus
NORTHERN DWARF SIREN Pseudobranchus striatus 4 - Present
ATANT TAAR (SO Ao m ey LAy B



http://www.gap.uidaho.edu/portal/Species modeling/EndemicSpecies.html#app=8367&de93-selectedIndex=3

Species Occurrence Data — A Challenge

Natural Heritage Element Occurrences (NHEQ) data /

Biodiversity Information Serving Our Nation (BISON)

Best bet, but...
— Limited access

— Spatially/temporally biased & incomplete

Global Biodiversity Information Facility (GBIF) records

More accessible than NHEO data, but...
— Spatially/temporally biased & incomplete

— Limited precision

GAP Species Distribution Models

— Cumbersome

— Imperfect/incomplete



V. Creating Data to
Estimate Biodiversity



Species Occurrence Data — Surrogates

GAP Land Cover Maps

 Combine spectral reflectance (land cover) & land form (terrain)
to obtain classes that reflect different habitat types

If the diversity of habitats is
a reasonable surrogate for
species diversity...

Then, we can aim for
patches with high GAP cover
richness and evenness...

Table of Contents
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DESCRIPTION
M agriculture
[ Apacherian-Chihuahuan Mesquite Upland Scrub
[ apacherian-Chihuahuan Piedmont Semi-Desert Grassland and Steppe
[C]Barren Lands, Mon-specific
[ chihuahuan Creosotebush, Mixed Desert and Thorn Scrub
I chihuahuan Mixed Salk Desert Scrub
[Clichihuahuan Sandy Plains Semi-Desert Grassland
[1izhihuahuan Stabilized Coppice Dune and Sand Flak Scrub
[ Chihuahuan Succulent Desert Scrub
[ Colorado Plateau Blackbrush-Mormon-tea Shrubland
M Cclorado Plakeau Mized Bedrock Caryvon and Tableland
I Colorado Plakeau Mixed Low Sagebrush Shrubland
I Colorado Plakeau Pinyon-Juniper Shrubland
I Cclorado Plakeau Pinyon-Juniper ‘Woodland
M Ceveloped, Mediurm - High Inkensity
I Ceveloped, Open Space - Low Intensity
I =reat Basin Pinyon-Juniper YWoodland
I =reat Basin Semi-Desert Chaparral
I Inter-Mountain Basins Ackive and Stabilized Dune

I Inter-Mountain Basins Big Sagebrush Shrubland




Surrogate Data: "Zip Codes"

ASSESSING THE BIODIVERSITY SUPPORT POTENTIAL OF
FOREST PATCHES FOR CONSERVATION PLANNING
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Biodiversity Surrogates or Proxies
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Biodiversity Surrogates or Proxies

For plants:
— temperature
— soil moisture
— soil fertility (chemistry)

For animals:
— habitat or land cover types
— temperature and moisture (via vegetation)



Biodiversity Surrogates or Proxies

Constructing surrogates as biophysical settings:

* Partition proxies into a few relevant levels
— Elevation zones to reflect temperature
— High (bright)/medium/low (dark) radiation load
— High (wet)/medium/low (dry) convergence

e Calibration to actual field data would be nice...

— Elevation zones to capture known vegetation
ecotones, ...



Zipcodes: lllustration

Environmental Proxies, Western NC

Elevation
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Pigeon Watershed — Jesse Leddick (MEM, 2008)



Zipcodes: lllustration

Zipcodes Inset




Biodiversity Surrogates or Proxies

Biophysical settings:

 Combine levels of proxies ...
100 * Elevation band
+ 10 * Radiation load level

+ Topographic convergence level

= a 3-digit “environmental zipcode”

* E.g., 531 = high elevation, bright, dry
213 = lower elevation, shaded, wet

Or... use the Combine tool



How to partition layers

* Elevation = Elevation classes -- Quantiles

rClassification Classification Statistics
Method: ORI M Count: 1000069
Classes: I 5 .,I Minirmurm: 1,315
- Maximum: 3,847
Data Exdusion Sum: 2,124,316,644
Exdusion ... | Sampling ... | Mean: 2,124.170076
Standard Deviation: 197.0771986
Columns: W00 = [~ Show 5td. Dev. [~ show Mean
% gg é Break Values ﬂ
- [ ————
100000 HEE R & 2,019.983235
m Mmoo [1a]
=== 2,099.423529
30000+ £ 2,168,928412
2,248, 354706
3,847
60000+
40000+
20000+
mes =
1,318 1,948 2581 3,214 3,847
™ Smap breaks bo data values Cancel

o~

e
L

Reclassify




How to partition layers

* Elevation = Elevation classes: Calibrated w/EOs

Use Natural Breaks (Jenks)
on values sampled at EO
locations to find natural

breaks in elevation,

solar datasets

[ Snap breaks ko data values

b4 Yy elevation90m tci solarexp
528036276208 3503159.8925!52” 220 30 132
' 443575793564 3919?79.833042” 2085 30 108
b 486645 24275 | 3248532 35?5’53|| 2003 |} 7.821548 111
M 440656 666084 | 382852873.9201 5-!I|| 2047 |) 13348828 110
i 466703461357 | 38202747521 37|| 2073 |] 6.937335 185
Pl 490538.079151 3329254.489?111 2059 |} 7.206436 120
" 474084336683 355?349.535TTE|| 2018 |} 7.472115 112
V| 456371.080048( 3827351 .02'9575|| 1925 6.713188| 145
! 452612791 3600 prapmrme o — 21|
. r~ Classification r Classification Statistics
Method: Matural Breaks (Jenks) - Count: 100~
Classes: I 5 .I Minimum: 1438.0000(
- Maxirnurn: 3779.0000(
[ Data Exclusion Sum: 2131690.0000
Exclusion ... | Sampling ... | Mean: 2131.6500(
Median: 2135,00000F
4 | B
Columns: 100 == [ Show Std. Dev. [ Show Mean
§ § § § § Break Values il
100 = g |15 = = 1375.000000
=] g S =] =] .
= 5 B = = 2107.000000
ao- - i o o 2273.000000
2598.000000
3779.000000
60+
404
TCl, 20
0 T T T oK
1438.000000 2023.250000 2608.500000 3193.750000 3779.00000C -

Cancel |




Zip Codes: Temperature (Elevation)

Adiabatic lapse rates correlates elevation with temperature...

Elevation Temperature Classes (5)

range into
guintiles




How to partition layers: TCI & Solar Exp.

* Break into 5 quantiles
* Recode 2", 3rd and 4™ quantile to the same value

Input raster

IT::up-:ugraphiu: Convergence Index
Recdass field

I Value

Redassification

Old values HNew values |

-0.380235 - §.621444 1
§.621444 - T.452154

7452154 - 3.4M 537
& 401537 - 10.5375459
10.53754% - 30

NoData MNoData

LIRca i pdipaipa

-
—

" Doing so focuses zip code breaks on extremes
(lowest and highest 20% of range)



Zip Codes: Moisture (Soils or TCl)

In the absence of soil moisture data, TCl can be used.

eLowest 20% of values =2 wet;
eHighest 20% - dry;
eEverything else - :

Break TCI
range into
qguintiles
# *k 3k 3k #
Clump the
middle
three as
one class




Zip Codes: Light (Solar Exposure)

Modified hillshade method is used to calculate exposure:

eLowest 20% of values = cool slopes;
eHighest 20% = hot slopes;
eEverything else > :

Break solar
exposure
range into
qguintiles
— ok %
Clump the
middle three
as one class




Biophysical ZipCodes

The three classified maps are combined, producing a map
containing classes for each unique combination of
elevation class, TCl class, and solar exposure class.

Each zipcode represents a single
habitat (e.g. like GAP cover classes...)




Biodiversity Surrogates or Proxies

Summary:

e Zipcodes represent ecologically relevant
environmental settings (habitat types)

e The factors and levels can be ...

— calibrated to the study area (in AZ, by ecoregion, etc.)
— expanded to include additional factors (soils, etc.)



Biodiversity Surrogates or Proxies

Applications:

* Biophysical settings ~ potential diversity

— Assumes that different species occur in different zipcodes

* Biophysical diversity provides buffering capacity
under environmental variability (allows for local
movement to track climate)



Biodiversity Surrogates or Proxies

Applications:

e Zipcodes also can be calibrated to known
biodiversity to yield a weighted index

— Associate Element Occurrences with zipcode for
that location

— Compute EO density per zipcode

— Use these densities as weights — effective “value”
of each zipcode



V. Lab Exercise



Measuring Biodiversity: Lab Exercise

So how do we get this table??

B Attributes of Occurrences

34 1
36 10
67 13
36 =
67 137
7B Kyl
34 147
71 2
a1 =]
Gd 1
67 121

N I I I I

IR T % T OV TR ST e Y R O R O R R R

Spatially combine species occurrence data with
our Mogollon Plateau planning units (HUC12s)...



Pronghorn Patch Biodiversity

Task:
Calculate HUC12 diversity using SW Region GAP land cover

Rocky Mountain Alpine Bedrock and Scree

Rocky Mountain CIiiff and Canyen

Colorado Plateau Mixed Bedrock Canyon and Tableland

Inter-Mountain Basins Shale Badland

Inter-Mountain Basins Active and Stabilized Dune

Inter-Mountain Basing Volcanic Reck and Cinder Land

Inter-Mountain Basins Wash

Inter-Mountain Basins Playa

North American Warm Desert Bedrock Cliff and Cutcrop

North American Warm Desert Badland

North American Warm Desert Active and Stabilized Dune

Morth American Warm Desert Volcanic Rockland




Calculating richness

N

Combine

Tale
- - B hy T e x

huc_gap
Rowid | VALUE | COUNT | AZ_LANDCOVER [ HUC12_90M
1339 [ 1340 1519 34 1
1342 1343 61 112 1 5 GAP types
1346 | 1347 2 36 1
1350 | 1351 5 71 1 in HUC #1
1369 | 1370 1 110 1
902 03| 7446 34 2
904 | 805 9 30 2
906 | 807 22 71 2
| eo7| om0 9 32 2




Calculating richness

=

Combine

huc_gap
HUC GAP Summary
T] o0 | HUC12_80M | FREQUENCY | SUM_COUNT
1 [0 1 5 || 1588
1} 1 2 8291
i 2 3 6 2558
1 3 4 4 1964
= 4 5 11 5604
904 | 905 9 30 2 : 6 13 7181
906 | 807 22 71 2 6 7 12 3753
| eo7 | oo 9 3z 2 B ) N o




1 -
121 -14

FREQUENCY
12

[]12-10
110

ichness

R

Calculating




Richness histogram

-

Graph Properties of Patch Richness

===

Patch Richness

huc_richness

Series | Appearance
Patch Richness
Graph type:
® i Histogram - =
Layer/Table: 25
I@ huc_richness 'l =
o
=}
l Value field: FREQUENCY - 515
Dﬂz
l % label Field: <Mone> 10
Vertical axis: Left b :
I
. . T T T T T T T
| Horizontal axis: Bottom A [2; 38) [38 56) (56 74) [7492) [9211) [12.5,14.6) [16.4;18.2)
#of Species
[] add to legend [] show labels (marks)
Color: Custom - - | - N
-
i Mumber of bins: 10 = Table O x
o - - i x
Transparency (%) 0 = H- - as
huc_richness X
Show border Rowid | VALUE | COUNT HU_12_NAME FREQUENCY | SUM_COUNT -
Show lines 3 0 1 1582 | Canyon Creek Headwaters [ 1588 |;
1 2 8291 | Brady Canyon 1 8291
2 3 2558 | Green Valley Creek 6 2358 .
3 4 1964 | Bear Canyon-Black Canyon 4 1964 ‘\‘
4 5 55804 | Hardscrabble Creek ihl 5604 ‘\,I
5 [+ 7181 | Upper West Clear Creek 13 7181 .,
Histogram 5 7| 3753 | Middle West Clear Creek 12 3753 2
7 8 7567 | Cataract Creek Headwaters 13 TSET ,f‘r
Add ‘,l 8 9 12518 | Garland Prairie 10 12518 A
9 10 715 | Juan Tank Canyon 4 715
10 1 27256 | Upper Rio de Flag 20 22758
[ oK ] l Cancel Apply 11 12| 14229 | Pitman Valley-Scholz Lake 12 14229
- = 12 13 6841 | Sawmil Tank 11 6841
he — 13 14 7165 | Upper San Francisco Wash 1" 7169
14 15 200 | Upper Cataract Creek 4 800 =
T 1+ » [E]S | 08 out of 142 Selected)




Calculating Shannon's index

“HUC _GAP” table

huc_gap
Rowid | VALUE | COUNT | AZ_LANDCOVER | HUC42_90M Gap cover type
:',;'j'; ::E 15;? 1?; ::‘ (34 = "Mogollon Chaparral”)
1345 1347 2 36 1
1350 1351 5 T 1
13559 1370 1 110 1
902 903 T448 34 2
904 905 9 30 2
906 907 22 T 2
07| 908 I’« 32 2 Shannon Index: Patch #1
~ Count In(p) *In(p)
oun n -p*In
Area - P P P_Tip
. nl 1519 | 0.9565 -0.0444 0.04249
(proxy for species count)
n2 61 0.0384 -3.2594 0.1252
n3 2 0.0013 -6.6771 0.00841
n4 5 0.0031 -5.7608 0.01814
n5 1 0.0006 -7.3702 0.00464
N 1588 0.19888




Calculating Shannon's index

Join the Habitat Patches’ COUNT field to the combined Patch-GAP table

Combine

Join Field (2)

#E

B

Nput iadie

|HuC_cap
Input Join Field
HUC12_90M
Join Table

|HUC12

Output Join Field
VALUE

Join Fields (optional)

[] vaLue
COUNT
[7] HU_12_NAME

Total # of cells

in HUC

p:

“COUNT"
“COUNT_1"

huc_gap
Rowid [ VALUE ] COUNT | HUC12_90M | AZ LANDCOVER| COUNT 1
0 1 447 131 36 3432
1 2| =coog 131 34 8432
2 3 443 131 &7 3432
3 4 325 136 &7 | 6029
4 5| 4n43 138 34 6029
3 8 437 138 36 6029
6 7 572 131 71 3432
7 2 255 135 71 6029
g 9 518 135 36 3623
g 10| 2543 135 34 3623




Calculating Shannon's index

-1 * ([COUNT] / [COUNT_1]) * Log ([COUNT] /[COUNT_1]) I

huc_gap
Rowid | VALUE | COUNT | AZ_LANDCOVER| HUC12_90M | COUNT_1| P_LNP
b 0 1| 447 36 131 8432 | 0.155709
1 2| =988 34 131 8432 | 0.242208 ]‘ 2 (P_LNP) for each patch
2 3| 443 67 131 8432 | 0.154788
3 S 67 136 5029 | 0.157433
4 5| 4043 34 136 6029 | 0.267965
3 6| 437 36 136 5029 | 0.190225
6 7] 2 71 131 8432 | 0.182525




Richness & Evenness Maps

Richness Evenness




Calculating Endemism

Calculate frequency of az_landcover values
across HUC GAP values

Summary
Statistics
Endemism Stats
Rowid | AZ LANDCOVER| FREQUENCY | SUM_COUNT
— : = — Land cover #11 (North American
3 9 51 4567 Warm Desert Active and Stabilized
4 11 1 L . .
: - - T Dune) is found in only 1 HUC.
G 14 2 548
T 22 47 10641
& 24 4 181
9 26 16 2590 Land cover #30 (Colorado Plateau
10 28 G a04 : : . .
¥ m — — —>» Pinyon-Juniper Shrubland) is found in

101 (of 142) different HUCs.



Calculating Endemism

S = & =&

Type = Long Int(((345 - [FREQUENCY]) / 345) * 100)

Normalize the number of patches in which a species /'
is observed by the total number of patches

ndemism Stats (3)
Rowid | AZ_LANDCOVER| FREQUENCY | SUM_COUNT | Endemism Land cover #2 = 96
b 1 2 5 604 96 | m— . .
2 : 78 453 a0 - Highly endemic!
3 9 51 4567 64
4 11 1 6 99
5 12 7 3993 95
6 14 2 648 93
7 22 47 10641 66
8 24 4 191 97
9 26 16 2590 88
10 28 6 804 95
11 30 101 16394 28
12 32 98 6615 30 Land cover #34 =0
13 33 81 45737 42 / > Ubiquitous
14 34 142 696196 0
15 95 135 B8R 4




Calculating Endemism

Mean Endemism Score

[10.03-215
216 - 544
[ 5.45 -10.85
1086 - 23.79
228 -40.28

Calculate mean endemic score
for each habitat patch...

What are we neglecting
in this approach?

How might we fix it?



Assignment
e Calculate HUC12 biodiversity metrics

— Richness & Evenness of GAP cover types

* Create biophysical zip-codes for the Mogollon

— Elevation/TCl/Solar exposure

e Calculate HUC12 biodiversity metrics again...
— Richness & Evenness of zip-codes

See lab for deliverables...



