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Abstract

A necessary, but difficult, part of ecology and conservations is to try to create order and meaning from chaos. An
example of such a task is the need to predict where an organism may exist at any given point in a landscape. In
the past, this was done by systematically surveying the entire landscape, a lengthy and expensive endeavor. With
the current pace of habitat loss and climate change, new methods were created to efficiently determine the
distribution of a species using computers and new statistical algorithms. These new methods still require people
in the field taking GPS points of the target species. A way to ease the workload on researchers in the field is to
use data generated through citizen science projects such as iNaturalist. Citizen scientists can rapidly generate a
tremendous amount of species GPS points by just exploring parks and backyards. That data can be directly
utilized by researchers to create a species distribution model (SDM). The goal of this protocol is to take that a step
further by generating an SDM for a plant, Tsuga canadensis, and then using that model to determine the
distribution of an invasive specialist, Adelges tsugae, on the plant. By the end of this protocol, you should be able
to create an SDM, generate a map using GIS software, and critically evaluate the results of the model to determine
any conclusions that can be drawn from the model.

Guidelines

While a basic background in GIS is not required, it is helpful. This procedure is developed primarily for PC users
and specific steps may be different for I0S users.

Troubleshooting

Before start
READ THE ABSTRACT. Make sure to download and unzip the zip file titled "SDMprotocol.zip"
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Setting UP Software

1 For this exercise, specific software will need to downloaded. The first and most
important software available is the statistical package called MaxEnt. You can find
MaxEnt in the SDM Protocol folder in a Folder titled MaxEnt. This program should be
ready to use and require no installation steps. You can read more about it here:
https://biodiversityinformatics.amnh.org/open_source/maxent/
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The MaxEnt program

MaxEnt requires Java to run, so make sure you have the latest version installed:
https://www.java.com/en/download/win10.jsp

2 Next, we will download the GIS software that will enable us to easily visualize the map.
ArcGIS is one software that is widely used, but for the purposes of this guide, we will be
using the free open-source program called QGIS. The download can be found at this link:
https://ggis.org/en/site/forusers/download.html. At the download screen, download the
long term release repository, which is QGIS version 3.10 at the time this was written.
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Download for Windows hd

QGIS in O5Geo4W:

ES * 0O5Geod4W Network Installer (64 bit) =i
L/

+ f* 05Geo4W Network Installer (32 bit) =i
U/

In the installer choose Desktop Express Install and select QGIS to install the /atest release.
To get the long ferm release (that is not also the latest release) choose Advanced Install and select qgis-Itr-full
To get the bleeding-edge development build choose Advanced Install and select qgis-dev-full

Standalone installers from ©SGeo4W packages

Latest release (richest on features):

+ ‘ \‘ QGIS Standalone Installer Version 3.12 (64 bit) '
sha256 -
& ‘ \‘ QGIS Standalone Installer Version 3.12 (32 bit) &
shaz56 &

Long term release repository (most stable):

£y ‘ \‘ QGIS Standalone Installer Version 3.10 (64 bit) =8
sha256 &
L ‘ \‘ QGIS Standalone Installer Version 3.10 (32 bit) =8
sha256 &

Download the "Long term release repository (most stable)"

The link you choose will depend on what operating system you have, but make sure it is
the long term stable release version. Once downloaded, install the program and follow
the prompts in the setup launcher while choosing the default setup options.

Understanding the Data I: Point Data

3 Let's review the data we will be using to complete this project. There are two types of
data we will use to create a Species Distribution Model: point and raster data. Point data
is data that gives the exact location of an object on a surface and has no shape or
volume. We will be using GPS locations of plants, Tsuga canadensis, and insects,
Adelges tsugae, for our point data. The GPS points can be located in the data folder.
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The two GPS point files that we will be using

4 The point data is a simple table listing the name of the species and the latitude and
longitude for each occurrence of the species. Open one of the point data files to view

the data.
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The point data for Adelges tsugae

This point data was obtained freely from a citizen science program called iNaturalist.
iNaturalist allows everyday people to take pictures and GPS points of organisms and
upload them to a central database. Experts and even advanced Al can then correctly ID
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the organisms. This data can then be downloaded from the website for any organism a
researcher is interested in.

What information can be determined from this data?

What are some ways that point data could be collected?

Would collecting point data for plants differ from insects?

How could citizen science help with this data collection?

What are some potential drawbacks of using citizen science to collect point data?

Understanding the Data: Il Raster Data

6

The next type of data we will use is raster data that will be an approximation of the
climatic factors at any given area of the contiguous U.S. Raster data is data organized
into a grid layout with each grid being the same size but with a unique numerical value
associated with it. Raster data is best visualized by looking at a computer screen. Raster
grids are analogous to the pixels that make up a computer screen. Each screen is made
of millions of pixels and each pixel has a specific numerical value that we see as color.
When the pixels are combined together they create an image that we see on the screen.
Our raster data will be a map of the Contiguous United States that has been divided into
800m x 800m grids. Numerical values are then added to each individual grid based on
the environmental conditions such as average temperature, maximum precipitation, or
average diurnal range. These grids come together to give us an image of the variable
climatic factors across an entire landscape.

protocols.io | https://dx.doi.org/10.17504/protocols.io.9gvh3wé June 2, 2020

6/27


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.9gvh3w6

@ protocols.io Part of SPRINGER NATURE

Visualization of annual mean temperature using raster data with darker colors as colder
temperatures in Celcius

7 We will be using raster files of 20 different climatic factors created by the USGS to model
the distribution of our chosen species. Together, these files allow ecologists in the U.S.
to model bioclimatic conditions for various purposes. the link to Information about the
creation of these files, how the data were collected can be found here, and to download
the files can be found here:
https://pubs.usgs.gov/ds/691/#:~:text=Bioclimatic % 20predictors % 20capture % 20inform
ation%20about,precipitation % 200f % 20the % 20wettest% 20and.

You will be able to find these files in the data folder. Do not open the files at this time.
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Raster files of the bioclimatic variables
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8 What information can be determined from this data?

What are some ways that climatic data could be collected?

Would collect climatic data for plants differ from insects?

How could citizen science help with this data collection?

What are some potential drawbacks of using citizen science to collect climatic data?

Creating Plant SDM

9 Now that we understand our data, we can move on to using the data to create SDM's.

Our first step will be to open MaxEnt. You will see this:
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|£2| Maximum Entropy Species Distribution Modeling, Version 3.4.1 — O X
Samples Environmental layers
File|| " Browse Directory/File " Browse

Linear features Create response curves [_|
Quadratic features Make pictures of predictions
Do jackknife to measure variable importance [

Product features

Output format |Cloglog b d
[ Threshold features Output file type |asc -
Hinge features Output directory Browse
Auto features Projection layers directonu‘ﬂle| Browse
| Run Settings | Help

MaxEnt Home Screen

10 Under the "Samples" category, click the browse button. Go to the GPS points folder in
the data folder and open the file called "Tsuga_canadensis_points.csv". MaxEnt should
load the points and create a label with a checkbox called "Tsuga_canadensis".

protocols.io | https://dx.doi.org/10.17504/protocols.io.9gvh3wé June 2, 2020 9/27



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.9gvh3w6

€3} protocols.io Partof SPRINGERNATURE

|£2| Maximum Entropy Species Distribution Modeling, Version 3.4.1 - O X
4 Samples Environmental layers
L FiIe|S F'oints\Tsuga_canadensis_points.csv" Browse Directory/File || Browse

[v] Tsuga_canadensis

Linear features Create response curves [_|
Quadratic features Make pictures of predictions
Do jackknife to measure variable importance [_]

Product features

Output format |Cloglog hd
[ Threshold features Output file type |asc -
Hinge features Output directory Browse
Auto features Projection layers direc.torw‘ﬂle| Browse
| Run | Settings | Help

Tsuga_canadensis_points.csv loaded into MaxEnt

11 Next, click the browse button under the "Environmental layers" category. We will now
locate the bioclimatic layers under the raster data folder. The raster folder will appear
empty unless you have "All Files" selected for types of files.
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|£:| Open

Look In: | Raster Files
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—
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Open any of the bioclimatic files. MaxEnt should automatically import all of the

bioclimatic files from the raster folder.
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|£:| Maximum Entropy Species Distribution Modeling, Version 3.4.1 — [m| X
Samples Environmental layers
FiIe|S F'oints\Tsuga_canadensis_points.cﬂ Browse Directory/File PMprotocol\SDM protocol\Data\Raster Files” Browse
[¥] Annual Mean Diurnal Range Continuous sl
I [v] Annual Mean Temperature Continuous
Annual Precipitation Continuous 1
[¥] Annual Temperature Range Continuous I
Isothermality Continuous

Max Temperature of Warmest Month Continuous

[v] Tsuga_canadensis
Mean Tempreature of Coldest Quarter |Continuous

Mean Tempreature of Driest Quarter Continuous

Mean Tempreature of Warmest Quarter |Continuous

Mean Tempreature of Wettest Quarter |Continuous

[4]

4] I I [»
Select all Deselect all

Linear features Create response curves [_|

T T Make pictures of predictions

Do jackknife to measure variable importance [_]

t features
Output format |Cloglog -
[ Threshold features Output file type |asc -
Hinge features Output directory Browse
Auto features Projection layers directorw‘ﬁle| Browse
| Run | Settings | Help

The MaxEnt home screen after importing both point and raster data

Make sure all of the bioclimatic files have "continuous" selected next to the name of the
file.

12 Normally, we would check the options under environmental layers called "Create
response curves" and "Do jackknife to measure variable importance", but these are time-
consuming calculations and will skip them. | will provide the outputs to the two
previously mentioned calculations later on in this guide. Leave all of the other options set
to the default settings, and click browse next to the "Output directory" input. Under the
"Models" folder, open the "Tsuga canadensis model" folder.
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| £ Maximum Entropy Species Distribution Modeling, Version 3.4.1 — O *
Samples Environmental layers
FiIeIS F'oints\Tsuga_canadensis_points.cﬂ Browse Directory/File PMprotocolSDM protocol\Data\Raster Files" Browse
Annual Mean Diurnal Range Continuous il
I Annual Mean Temperature Continuous
Annual Precipitation Continuous 1
Annual Temperature Range Continuous I
Isothermality Continuous

T d ) Max Temperature of Warmest Month Continuous
¥| Tsuga_canadensis

Mean Tempreature of Coldest Quarter |Continuous

Mean Tempreature of Driest Quarter Continuous

Mean Tempreature of Warmest Quarter |Continuous

Mean Tempreature of Wettest Quarter |Continuous

[4]

4] i | [»
Selectall Deselect all

Linear features Create response curves [
Make pictures of predictions
Do jackknife to measure variable importance [_|

Quadratic features

Product features

QOutput format |Cloglog A d
[] Threshold features Output file type |asc -
Hinge features Output directory [otocol\SDM protocolModels\Tsuga canadensis model|  Browse
Auto features Projection layers directoryrﬁle| Browse
| Run | Settings | Help

Output directory with the "Tsuga canadensis model" folder selected

13 Click Run. You will immediately be given a warning.
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H_’ .

il

Samples Environmental layers
@ FiIe‘S F'oints\Tsuga_canadensis_points.n" Browse Directory/File DMprotocol\SDM protocoliData\Raster Files" Browse
ten! [*] Annual Mean Diurnal Range Continuous sl
ﬂ [¥] Annual Mean Temperature Continuous
oim| Annual Precipitation Continuous 1
C'_ Annual Temperature Range Continuous I
[¥] Isothermality Continuous
L Max Temperature of Warmest Month  |Continuous |
[ e e e S ous

*

& Sample at -63.562845, 45.588822 in Tsuga_canadensis_points.csv is outside the bounding box of environmental data, skipping

OK | | Suppress similar visual warnings

[x]

Create response curves [_|

Make pictures of predictions

[=l

Do jackknife to measure variable importance []

[=l

Output format |Cloglog -
| Output file iype |asc b d
Output directory [otocol\SDM protocol\Models\Tsuga canadensis model|  Browse
Auto features Projection layers directorymle| Browse

Settings | Help

Outside bounding box warning

The GPS points we are using include those for Canada and Alaska which are outside the
range of our environmental files. This is ok and will not affect our model. Click the
"Suppress similar visual warnings" button now and any other time it may arise. MaxEnt
will now create an SDM for Tsuga canadensis and store it in the "Tsuga canadensis
Model" folder. This process can take 10+ mins (it's creating a model for the entire
contiguous US, so 10+ mins is incredibly fast), so use this time to open QGIS and
familiarize yourself with its layout.

14 Once MaxEnt is finished running, leave it open as we will immediately create two models
for Adelges tsugae.

Creating Insect SDM

15 Creating the Adelges tsugae models will be fairly straightforward. We will be creating
one model without and one model with the Tsuga canadensis output we created in the
previous section. This will allow us to compare how the insect model changes when we
include information about the distribution of the host plant.

16 Click the browse button under the "Samples" category. Find the point data for the insects
named "Adelges_tsugae_points.csv", and open this file. MaxEnt will import the point data
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the same as before.

1 |£] Maximum Entropy Species Distribution Modeling, Version 3.4.1 - O X
Samples Environmental layers
FiIe|’S Points\»‘\delges_tsugae_points.csv" Browse Directory/File YMprotocol\SDM protocol\Data\Raster Files" Browse

Annual Mean Diurnal Range Continuous el
Annual Mean Temperature Continuous
Annual Precipitation Continuous 3
Annual Temperature Range Continuous
Isothermality Continuous

Adelges_tsugae Max Temperature of Warmest Month Continuous

Mean Tempreature of Coldest Quarter |Continuous

Mean Tempreature of Driest Quarter Continuous

Mean Tempreature of Warmest Quarter |Continuous
4] i I D

Selectall Deselect all

[4]

Linear features Create response curves [_|

Quadratic features Make pictures of predictions

Do jackknife to measure variable importance [_]
¥| Product features

Qutput format |Cloglog -

[] Threshold features

QOutput file type |asc -

Hinge features Output directory [otoco\SDM protocaliModels\Tsuga canadensis model|  Browse

Auto features Projection layers directorymle| Browse

| Run | Settings | Help

MaxEnt home screen with the Adelges tsugae point data imported

17 Now, we need to change the output directory. Click browse next to the output directory,
find the folder called "Adelges tsugae models" and open the folder named "Adelges
tsugae model without plant data".
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i |£| Maximum Entropy Species Distribution Modeling, Version 3.4.1 — O >
i
Samples Environmental layers
FiIe|’S Points\AdeIges_tsugae_points.csv" Browse Directory/File )Mprotocol\SDM protocohData\Raster Files" Browse
[¥] Annual Mean Diurnal Range Continuous el
[v] Annual Mean Temperature Continuous
[¥] Annual Precipitation Continuous 5
[v] Annual Temperature Range Continuous
Isothermality Continuous
TR TR IETIEY Max Temperature of Warmest Month Continuous
Mean Tempreature of Coldest Quarter |Continuous
Mean Tempreature of Driest Quarter Continuous
Mean Tempreature of Warmest Quarter |Continuous E
1] Il | [*]
Select all Deselect all
Linear features Create response curves [_|

Make pictures of predictions

Do jackknife to measure variable importance [_|

Output format |Cloglog -
[] Threshold features Output file type |asc =
Hinge features Output directory [1gae models\Adelges tsugae model without plant data|  Browse
Auto features Projection layers directonu‘ﬁle| Browse
| Run | Settings | Help |

MaxEnt home screen with the output directory changed to the "Adelges tsugae model
without plant data" folder

18 Click the run button and suppress any warnings that pop up. This second run should take
less time as MaxEnt still has temporary bioclimatic files cached from the previous run.
After the run has finished, proceed to the next step.

19 Now, we need to create a model based on the host plant data. The first step will be to
transfer the raster file containing plant SDM to the raster folder containing the bioclimatic
layers using the file explorer on your computer. This can be most easily accomplished by
opening the "Tsuga canadensis model" folder. Finding and copying the ASC file called
"Tsuga_canadensis".
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VLT 1] = | Touga canadensis mod

1 dh Cut

el

X

Wl Copy path

Pinto Quick Copy Paste

cress [7] Paste shox
Clipboard
« “ 4 || « SDMLesson Pla
=] Pictures ~

s Mass Storage (D:)
Amphibia
Diplopoda
GPS Points

Images
@ OneDrive

& This PC
J 3D Objects
[ Desktop
%) Documents
& Downloads
B Music
&=/ Pictures
B videos
2, Local Disk (C:)
= Mass Storage (D:) v

9 items

Move Copy Delete Rename
tcut  to- o -

Organize

n > SDMprotocol > SDM protocol > Models »

Name .
plots
5] maxent
53] maxentResults
| Tsuga_canadensis
[#] Tsuga_canadensis
[ Tsuga_canadensis.lambdas
83 Tsuga_canadensis_omission
633 Tsuga_canadensis_sampleAverages

637 Tsuga_canadensis_samplePredictions

I} New item = Open

1] Easy access - Edit
New Properties
Tolder - g History

New Open
Tsuga canadensis model v
Date modified Type
File folder

R - -

Text Document

Microsoft Excel C.

ASC File
HTML File
LAMBDAS File

Microsoft Excel C.
Microsoft Excel C.
Microsoft Excel C.

FH select an

Select none
£ invert selection
Select

[J] O Search Tsuga canadensis model

Size

177,334 KB
SKB

16 KB
27KB
2KB

413 KB

The ASC file called "Tsuga_canadensis" that needs to be copied.

The ASC file called "Tsuga_canadensis" is the raster file that contains the SDM for the

host plant.

20 Next, we need to paste the ASC file into the raster folder containing the bioclimatic

layers.

V01 [4 L] 5 | Raster Files

P e e v
] =] o Cut

5=

w1 Copy path

Y PintoQuick Copy Paste Move Copy Delete Rename
P [£] Paste shorteut g~ >
Clipboard Organize
L€ v 4 |« School > SDMLessonPlan » SDMprotocol > SDMprotocol » Data » Raster Files
GPS Points A Name
] Images I Annual Precipitation
7 Annual Temperature Range
& OneDrive "I Isothermality
0 This pC ) Max Temperature of Warmest Month
$ 20 Objects J Mean Tempresture of Coldest Quarter
| Mean Tempreature of Driest Quarter
I Deskiop P
~| Mean Tempreature of Warmest Quarter
& Documents ) Mean Tempreature of Wettest Quarter
¥ Dawnloads 7 Min Temperature of Coldest Month
B Music " Precipitation of Coldest Quarter
=] Pictures ] Precipitation of Driest Month
[ videos 7 Precipitation of Driest Quarter

t2, Local Disk (C:)
= Mass Storage (D)
= B_FULLER (E)
— BFULLER (E)
o Network .
22 items 1item selected 173 MB

« 8 X =F

7 Precipitation of Warmest Quarter
" Precipitation of Wettest Month
| Precipitation of Wettest Quarter
7 Precipitation Seasonality (CV)

" Temperature Seasonality (CV)

] Temperature Seasonality (SD)

7 Tsuga_canadensis

T New item ~
7] Easy access ~

Hew

folder

Hew

Date modified

L4
Properties

Tl open ~
T Edit

& History
Open

v

Type

ASCFile
ASC File
ASC File
ASCFile
ASC File
ASC File
ASC File
ASC File
ASC File
ASC File
ASC File
ASC File
ASC File
ASC File
ASCFile
ASCFile
ASC File
ASC File
ASC File

EH setect an

Select none

£ Invert selection

Select

o O Search Raster Files

Size ~
443731 KB

The ASC file called "Tsuga_canadensis" pasted into the raster folder

21 The "Environmental layers" category on MaxEnt now needs to be updated to include the
plant host model, so click the browse button for this category. Go to the "Raster Files"
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folder, like last time, make sure "All Files" is selected next to "type of file", and open any
of the bioclimatic files. The host plant model should now be located at the bottom of the
"Environmental layers" category.

|£:| Maximum Entropy Species Distribution Modeling, Version 3.4.1 — O *
Samples Environmental layers
FiIe|’S Points\AdeIges_tsugae_points.csv" Browse Directory/File YMprotocol\SDM protocol\Data\Raster Files" Browse
Precipitation of Coldest Quarter Continuous |
Precipitation of Driest Month Continuous
Precipitation of Driest Quarter Continuous
Precipitation of Warmest Quarter Continuous
Precipitation of Welitest Month Continuous
Adelges_tsugae Precipitation of Wettest Quarter Continuous ]
Temperature Seasonalily (CV) Continuous 3
[v] Temperature Seasonality {SD) Continuous
Tsuga_canadensis Continuous =
4] Il | [*]
Select all Deselect all
Linear features Create response curves [_|

Quadratic features Make pictures of predictions
d alt all

Do jackknife to measure variable importance [_]

Product features

Output format |Cloglog -
[] Threshold features Output file type |asc -
Hinge features Output directory [1gae models\Adelges tsugae model without plant data|  Browse
Auto features Projection layers directorw‘ﬁle| Browse
| Run | Settings | Help |

MaxEnt home screen with the environmental layers updated to include the plant model

22 Change the Output directory once again. This is the same process as before, but this
time change the output directory to the folder named "Adelges tsugae model with plant
data".
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| £ Maximum Entropy Species Distribution Modeling, Version 3.4.1 — O X
Samples Environmental layers

FiIe|’S F'oints\AdeIges_tsugae_points.csv" Browse Directory/File YMprotocol\SDM protocol\Data\Raster Files" Browse
Precipitation of Coldest Quarter Continuous |
Precipitation of Driest Month Continuous
Precipitation of Driest Quarter Continuous
Precipitation of Warmest Quarter Continuous
Precipitation of Wettest Month Continuous

Adelges_tsugae Precipitation of Weltest Quarter Continuous ]
Temperature Seasonality (CV) Continuous 3
Temperature Seasonality (SD) Continuous
Tsuga_canadensis Continuous I~
q] Ii | [+

Selectall Deselect all
Linear features Create response curves [_|

Quadratic features Make pictures of predictions

Do jackknife to measure variable importance [

Product features
Output format |Cloglog -

[] Threshold features

QOutput file type |asc -

Hinge features Output directory | tsugae models\Adelges tsugae model with plant data|  Browse

Auto features Projection layers directory:‘ﬁle| Browse

| Run | Settings | Help |

MaxEnt home screen with the output directory changed to the "Adelges tsugae model with
plant data" folder

23 Click run. After MaxEnt has run the model move to the next section.

I Visualizing the Models

24 Lets see how our models turned out. Open QGIS and start a new GIS project. On the left,
you will see a folder browser. Search through the browser to find the folder you saved
the plant and insect models too. Lets start with the plant model, so double click on
"Tsuga_canadensis" with the checkered image next to it.
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b [ maxent
- E Models
b [ Adelges tsugae models
~ [ Tsuga canadensis model

b [ plots

==]
maxentResults.csv

Tsuga_canadensis.asc
Tsuga_canadensis.html
Tsuga_canadensis_omission.c
Tsuga_canadensis_samplefwve
Teuga_canadensis_samplePre

[7 TA paperwork
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TaRR
Weakley

OO~

m
=

b
4
b
4 I:I :
@Geopackage

;’ SpatiaLite
@ Postsis
~ W ks

The Tsuga canadensis ASC file

This will load the raster file with the model into QGIS and will look like this.
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Project Edt Datsbase Vicb Mesh Progesing

8 38 [0 5 ! A,
aAQV. A ® B "= ® 2 8

Brouser

Resty Conrvote [ -15.3,9.15 | % _scoe voszso1s ~ | @ wagnter 0% 2] roeten (007

Raw Tsuga canadensis model.

The MaxEnt models are based on probabilities, so the whiter the area the higher the
probability the species will be found at that location. The values on the bottom left tell us
what the max and min probabilities are.

Layers [ (3]
< i];: r_.s)' T 41’ ﬂ =
* | ¥ Tsuga canadensis ?
B :9c092e-11
0.222695

Max and Min probabilities for Tsugae canadensis

protocols.io | https://dx.doi.org/10.17504/protocols.io.9gvh3wé June 2, 2020 21/27



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.9gvh3w6

€3} protocols.io Partof SPRINGERNATURE

25 While the black and white map tells us what we need to know, there are better ways to
visualize the data to more easily see gradients in the distribution, so let design the map
to be easier to decipher. Right-click on Tsuga candensis under the layers section and
click on properties.

[«

Click on properties

26 Open the "Symbology" tab, and change the render type to "Singleband pseudocolor".
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Q Layer Properties - Tsuga_canadensis | Symbology

fi Information

w Band Rendering

Render type |Sing|eband pseudocolor |

'{:\_\ Source Band |Band i
o Min |3.98092e-11 Max 0.822695
“ ymbology
P Min / Max Value Settings
Iﬂ Transparency
Interpolation |Linear = |
Fan) ety o -
Histogram Color ramp | I~
S o - Label unit
4 Rendering uffix | |
Value Color Label

‘ Pyramids

Clip out of range values

w Color Rendering

Classes | 5 = |

| 49 Reset |

-

Blending mode | Mormal x |

Brightr 0 |%| [ Contrast |0
— [——a | S —

stle | [ o || cancel || appy

Help

Render type should be "Singleband pseudocolor"

27 From the "Color ramp" drop-down menu, choose the "spectral" color palette. Open the
same drop-down menu again, and this time click "Invert Color Ramp". Your settings

should look like this now.
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Q Layer Properties - Tsuga_canadensis | Symbology x
F
Band |Band 1 s ‘
B oo e e
2 Information Min |388092€-11 Max 0.822693 ‘

P Min / Max Value Settings

'J-\S} Source

Interpolation |Lir1ear hd |
& Symbology -
Color ramp | . |
Iﬂ Transparency bt urak | |
suffix
istogram Value Calor Label
4 Rendering 3.98082e-11 . 3.98082e-11
& ryramids
. 0.205673750...
a. Metadata
0.411347500... 0.411347500019903
=
Legend
_ 0.617021250...
E QGIS Server
0.822695

Mode |C0ntnuous i | Classes |5 |+

[aamty |[&][=][s](m][B)

Clip out of range values

w Color Rendering

Blending mode | Normal - | |  Reset |
Brighines: ———0_ 3| contres 0 [
Saturation = o sl I Grayscale | Off = |

Hue Colarize ~ Strength | 100% ||

Style <] [ ok || canel || Aoy || Hep |

Symbology menu with correct color settings

28
Click ok to save the settings and close the properties menu. Your map should look like
this now.
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The correct color scheme for the Tsuga canadensis map

The areas that are hotspots for the species distribution are now clearly visible.

29 Repeat steps 24-28 for both Adelges tsugae models (with and without plants). Make sure
to rename the insect models in the layer section to "with plants" or "without plants"
depending on the model as they will both have the same name.

30  Once all three maps are loaded and transformed, then your QGIS project should look like

this.
'@ “Untitled Project - QGIS - =] X
DoBRRE ORI PRPRALARBEOR &6 -H-5-0 #* 3T &=-00 M-
: R= ®

a
0810212500952

Comtinate| 55.0225.95 |9 Scoe 1957033~ | @ Magnfer 0% |3 Rotaton (000 | VI Render

[ [

Your QGIS project should look like this

You've created three species distribution models, congratulations! To switch between
the three maps, you can either deselect the ones you don't want to see or move the one
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you want to see to the top of the "layer" section list. | prefer the former option.

31 Is there a major difference between the insect model with and without plants? why or
why not?

Adelges tsugae is an invasive species whose range is expanding. From the maps you
have created, what areas of the lower 48 do you predict the insect could expand to?
Hint: compare the insect models to the plant model.

What aspects of the citizen science data could be influencing how the models are
created and how are they influencing it?

If you were a research scientist in an ecological field, what questions would you answer
with and how would you use these species distribution models?
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