December 08, 2017

Correlation between the Incidences of Invasive European
Starlings and Human Populations in Florida
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I. Introduction

Over 200 million European starlings inhabiting North America consist of many
generations descended from about 16 known breeding pairs. These were the birds who
successfully established themselves after an initial release of 100 individuals in New
York across 1890 and 1891 (Linz et al., 2007). Starlings first reached Florida around
1920 and likely thrive due to their ability to live in a variety of habitats including
agricultural lands and urban areas (“Nonnatives”™). | wanted to investigate if European
starling observations tended to appear more within cities and | used the Pearson
Correlation Coefficient to examine if starlings occurred in the same patterns as human
population densities for the year 2012.
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Data Collection and Preprocessing

Data was gathered from three sources. Point data on starling observations was
obtained from the Early Detection and Distribution Mapping System (EDDMapS)
through Distribution Maps tab (Figure 1). Information on birds is located underneath the
Wildlife category. The Southwest Florida Water Management District (SWFWMD)
provided a polygon shapefile of Florida from the Southwest Florida Water Management
District's Geospatial Open Data Site subsection of their webpage (Figure 2). U.S. Census
data on population densities of people for the year 2012 was downloaded from ArcGIS
online (see ArcGIS Data Analysis for figures showing how to download the file).
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Distribution Maps

Click on each species to view distribution maps.
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Search:

Subject Name Scientific Name Records 7 View

european starling Sturnus vulgaris 7,548 State | County | Point | List
house sparrow Passer domesticus 6,277 State | County | Point | List
rock dove Columba livia 5,161 State | County | Point | List
Eurasian collared-dove Streptopelia decaocto 3,981 State | County | Point | List
house finch Carpodacus mexicanus 2,251 State | County | Point | List
white-winged dove Zenaida asiatica 1,986 State | County | Point | List
Muscovy duck Cairina moschata 1,844 State | County | Point | List
Monk Parakeet Myiopsitta monachus 1,218 State | County | Point | List
black-hooded parakeet Nandayus nenday 540 State | County | Point | List
Egyptian geese Alopochen aegyptiacus 518 State | County | Point | List
spot-breasted Oriole Icterus pectoralis 426 State | County | Point | List
common pheasant Phasianus colchicus 383 State | County | Point | List

Figure 1. EDDMapS page displaying where to download the starling point data
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Southwest Florida Water Management District Open Data Portal

THIN MAP

Welcome to the Southwest Florida Water Management District's Geospatial Open Data Site!

Browse Data Categories

Boundarles Demographics
Hydrography

Elevation Environmental

Land Use/Land Cover

Figure 2. The Florida polygon shapefile can be found underneath the boundaries category from the SWFWMD

Preprocessing of the starling data occurred in a series of steps:

1. Add the starling point shapefile to ArcMap

2. Open the attribute table then and select and extract all the European starlings
observed in 2012

3. Remove all the data from regions outside of Florida with the Clip (Analysis) tool

4. Deleted data listed to have originated from the US Army Corps of Engineers
Ombil Database results due to lack of reported collection numbers. This leaves
plenty of points to work with and does not affect the overall appearance of the
map distribution.

5. Replaced very large and obviously incorrect values (nearly 19,000,000 starlings!
[Figure 3a]) with the true collection values provided in separate reports (Figure
3b) for each point on the EDDMapsS site under List. Points were identified using
the date, observer, county, and coordinate provided in the attribute table.
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IDENTIFICA IDENTIFI_1 REVIEVED REVIEWER DATE_REVIE | NUMBER_COL
Credible <Null= Verified <Mull= 220
Credible <Null= Verified <Mull= 400
Credible <Null= Verified <Mull= 300
Credible <Null= Verified <Mull= 18050314
Credible <=Null= Verified <Mull= 750
Credible =Mull= Werified =Mull= TO0
Credible =Mull= Werified =Mull= 19070212
Credibls <Null= Verified <Mull= a0
Credibls <Null= Verified <Mull= 290
Credibls <Null= Verified <Mull= 7
Credible <Null= Verified <Mull= 66
Credible <Null= Verified <Mull= 120
Credible <Null= Verified <Mull= 1
Credible <Null= Verified <Mull= a7
a) Credible =Null= Verified =Hull= a4

Coordinates

Population Size
Infestation Status
Reporter Information
Reporter

Observation Date

Date Entered

Infestation Information

european starling
Sturnus vulgaris Linnaeus, 1758

26.97482, -82.08739

1

Positive

FWCC Exotic Species Database , Florida Fish and Wildlife Conservation Commission
April 12, 2017
August 23, 2017

Fwc Observation Id 279831

Source Type Bulk Data
Species Information

Original Reported Subject Sturnus vulgaris
Verification and Review

Verification Method Expertise
Identification Credibility Credible
Reviewed Verified
Survey Information

Visit Type Observation
Surveyor Michelle Unknown
Other

Species Information

States  Counties ~ Points  List
Revisit | Download Record (pdf)
Record ID 5155986
Location Information
Location Charlotte County, Florida, United States

b)

Figure 3. a) shows a couple of starling observations recorded at approximately 19,000,000 birds. These were
corrected with reports that indicated population sizes of significantly smaller groups or individual animals (sample
in b).



December 08, 2017

6. A few of the points had blanks underneath the number collected column. Most
were corrected with the reports but those that could not were given assumed to be
one as there must be at least a single individual to possess a reportable
observation.

7. Created a new column with a short integer field and transferred the values from
the NUMBER_COL column (string field) to obtain quantifiable numbers.

I11.  ArcGIS Data Analysis

The investigation of starling-human population correlation began by adding the
clipped and preprocessed starling 2012 and the Florida state polygon shapefile to a blank
ArcMap (Figure 4).

47

Figure 4. Starling observations are represented by the point on the map

Next, the Inverse Distance Weighting (IDW; Spatial Analyst) tool was utilized to
interpolate occurrences of starlings between the data points (Figure 5a). After selecting
the starling file, the program automatically adds the rest. Leaving the defaults including
the arbitrarily chosen number of points, a mask was set to the Florida polygon under
Environments (Figure 5b).
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Input point features

[ starling_2012

Z value field
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‘ Coll_Indiv
Output raster

| Fr\GIS-lakeRCGIS Class Project|GIS Everglades Project Data |Test Rasters\[DW_Final

Qutput cell size (optional)

‘ 2.30343933105469E-02

MM

Power (optional)

Search radius (optional)

Variable ~

Search Radius Settings

Number of paints

—

Input barrier polyline features {(optional)

Maximum distance:

Cancel

Environments. ..

<< Hide Help

Output raster
The output interpolated surface raster.

It is always a floating-point raster.

Tool Help

% Environment Settings

¥ XY Resolution and Telerance
¥ M Vvalues

¥ Z values

¥ Geodatabase

¥ Geodatabase Advanced

¥ Fields

¥ Random Numbers

¥ cartography

¥ Coverage

% Raster Analysis
Cell Size

M

Maximum of Inputs ~

Mask

Florida
¥ Raster Storage
¥ Geostatistical Analysis
¥ Parallel Processing
¥ Terrain Dataset

¥ TIN

Cancel

<< Hide Help

Mask A

Tools that honor the Mask environment will only
consider those cells that fall within the analysis mask in
the operation.

Usage notes:

+ Setting an analysis mask means that processing
will only occur on locations that fall within the
mask, and all locations outside of it will be
assigned to NoData in the output.

The Mask environment applies to ArcGIS Spatial
Analyst extension and ArcGIS Geostatistical
Analyst extension tools that output a raster. It
also applies to tools in the ArcGIS 3D Analyst
extension Raster Interpolation, Raster Math,
Raster Reclass, and Raster Surface toolsets
that output a raster.

The mask can be a raster or a feature dataset.

If the analysis mask is a raster, all cells that

have a value will be considered to define the

mask. Cells in a mask raster that are NoData

will be considered to be outside the mask and v
will be MoData in the outout.

Tool Help

Figure 5. a) IDW tool with options filled in and b) the location of the mask setting.

An IDW raster will be created with the following characteristics: floating point pixel
type, WGS 1984 geographic coordinate system, and a cell size of ~0.023. The default
display is 9 equal intervals under classified symbology (Figure 6).
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Figure 6. Initial IDW

If desired, change the intervals manually under classify to see a more representative
spread of the data (Figure 7). | recommend the following values to account for the data

distribution with a huge gap between ~2000 and 7000 starlings.
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Figure 7. Starling IDW after the addition of manual classified intervals under symbology

o

o

Add the population data from ArcGIS Online by searching for USA Census
Populated Places and choose the first option. This will give the populated locations
throughout the United States (Figure 8). Clip the newly downloaded data to the Florida
polygon with the Clip (Analysis) tool (Figure 9a) and change the symbology to display

the population per square mile (POP12_SQMI; Figure 9b).
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USA Census Populated Places 2 Data @ Groups

Featured

Search: USA Census Popul Results 1-100 of 196

USA Census Populated Places [ESRI |

U.S. Populated Place Areas represents
populated place areas that include census
designated places, c lidated cities, and
incorporated places in the United States

Feature Service by esri  2/7/2017 Details Add

USA Major Cities

This layer presents the locations of cities
within United States with populations of
10,000 or greater (based on Census 2000
figures), all state capitals, and the naticnal

Feature Service by esri  2/7/2017 Details Add

USA Census Black Population

i - This map shows the percentage of the
population that is black in the .5, by state,
county, tract and block group, based on the
2010 Census.

1 2 Next

USA Census Populated Places

Feature Service
Owner. esri
Date modified: 2/7/2017

YW W 1 Rating

Description | Properties | Comments (1)

.5 Populated Place Areas represents populated place areas that include
census designated places, consolidated cities, and incorporated places in
the United States identified by the U.S. Bureau of the Census.

To download this layer as a layer package for use in ArcGIS desktop
applications, please refer to USA Census Populated Places Areas.

Figure 8. a) ArcGIS Online data search and b) a portion of the results
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% Input Features

Clip A

| USA Census Populated Places j ]
Clip Features Extracts input features that overlay the clip features.
gy [ S
|FL0R‘DA J = Use this tool to cut out a piece of one feature class
Output Feature Class using one or more of the features in another feature
| F:\GIS-BlakeRC\GIS Class Project\GIS Everglades Project Data'Test Rasters\Pop_Clip.shp ‘ E}‘ class as a cookie cutter. This is particularly useful for
— tional) creating a new feature class—also referred to as study
’MM area or area of interest (AOI}—that contains a
LEES e geographic subset of the features in another, larger
feature class.
INPUT
L ]
L
+
CLIP FEATURE
7N v
OK Cancel Environments. .. << Hide Help Tool Help
Figlds
Walue: POP_CLASS w
o nane
MNomalization: | .
ObjectlD
HOUSEUNITS
Color Ramp: POP2012
POP CLASS
POP12 SOMI
Symbal  Ran
v SQMI
b) I T4 -

Figure 9. The Clip tool (a) and the option to change the display symbology (b)

Convert the population per square mile clip to a raster using the Polygon to Raster
(Conversion) tool (Figure 10). Choose population per square mile and a cell size of 2547
to create a similar cell size to the IDW raster (the cell size here was divided by 250).
Convert the population raster and IDW raster to the NAD 1983 UTM Zone 17N with
Project Raster (Data Management) tool, then upload to new ArcMap (Figure 11).
Attempting to change the coordinate system on the raw data files will cause a
misalignment of the data. The projected coordinate system of the Florida shapefile can be

changed in ArcCatalog.



December 08, 2017

#., Polygon to Raster

Input Features

| UsA Census Pop 2012_clip
Value field

[Por12_squr
Output Raster Dataset

[ Waustin. utexas. edu'\disk\geoprofiles\default\brc 2254y Documents\ArcGIS\Default.odb FLORIDA_PolygorToRaster

el assignment type (optional)

[caw_cenmer
Priority field (sptonal)

[ none
Celsize {optional)

[2547

Cancel Environments...

<< Hide Help

Cellsize (optional)
The cell size for the output raster dataset.
The default cell size is the shortest of the width or

height of the extent of the input feature dataset, in the
output spatial reference, divided by 250.

Tool Help

Figure 10. The Polygon to Raster tool

1\ Project Raster

Input Raster

[1IDw2
Input Coordinate System {optional)
GCS_WGS_1984

Qutput Raster Dataset

‘ Vaustin.utexas. edu\disk\geoprofilesidefault\brc2254\My Documents\ArcGIS\Default.gdb IDW2_ProjectRaster

Output Coordinate System

[ NAD_1983_UTM_Zone_t7N

Geographic Transformation (optional)

WGS5_1984_(TTRFOD)_To_NAD_1383

Resampling Technique (optional)

| MEAREST
Qutput Cell Size {optional)

oK Cancel Environments...

<< Hide Help

Project Raster

Transforms the raster dataset from one projection to
another.

Tool Help

Figure 11. The Project Raster tool with the IDW raster within the input

The result resembles Figure 12 with a variable symbology. The values chosen for the
IDW raster were intended to better represent the spread of data while the population
raster divisions were chosen somewhat arbitrarily to create an even spread. Each was

given 9 manually-chosen classified categories.

10
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= IDW_17M
<VALUE>

[11.185589591 - 20
[]20.00000001 - 60
I 60.00000001 - 100
[ 100.0000001 - 400
I 200.0000001 - 600
I 500.0000001 - 800
I 200.0000001 - 1,000
[ 1,000.000001 - 2,000
[]2,000.000001 - 7,600

= Poprast_17M

<VALUE=>
[11.25 - 2,000
[]2,000.000001 - 4,000
[14,000.000001 - 6,000
[16,000.000001 - 8,000
[]8,000.000001 - 10,000
[110,000.00001 - 12,000
[112,000.00001 - 14,000
[ 14,000.00001 - 16,000
[ 16,000.00001 - 18,000

Figure 12. Results of the Project Raster tool when converting to NAD 1983 UTM Zone 17N

Reclassify both of your rasters with the Reclassify (Spatial Analyst) tool and leave the defaults

(Figure 13a). You may find fewer categories in the output raster because of few data values at

higher populations per square mile. The resulting rasters are shown below in Figure 13b, both
with unsigned values.

11
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#, Reclassify - O X
Input raster Input raster
[iow_17n R =]
Redass field The input raster to be reclassified.
| Value ul
Redassification
Old values Hew values ~
118589 - 20 1 Classify...
20 - 80 2 0
60100 3 e
T00 400 i
400 600 5 Add Entry
600 - 300 6
200 - 1000 7 Delete Entries
1000 - 2000 8 v
Load... Save... Reverse New Values Predision. ..
Qutput raster
| austin,utexas, edu'disk'\geoprofiles\default\brc2254\My Documents‘ArcGIS \Default.gdb\Redass_1DW_1 ‘ E

[ Change missing values to NoData (optional)

) Cancel Environments. .. << Hide Help Tool Help
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Figure 13. The raster Reclassify tool appears in a) and the results of the reclassification for the IDW and population
rasters are shown in b)

The final step involves using the Raster Calculator to run the Pearson Correlation
Coefficient equation (Figure 14). X corresponds to the first raster (I chose the reclassified

12
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IDW raster) and its mean (found listed under the statistics in the properties menu) while
Y shows the second raster (reclassified population raster). The correlation coefficient (r)
ranges from -1 (strong negative correlation) to +1 (strong positive correlation) and can
equal O (no correlation). After using the Raster Calculator, your result will appear like the
final map (floating point pixel type). | recommend using the Cold to Hot Diverging
symbology.

L SE-X(¥-Y)
VI - X2/ -7

(“Computing”)

#., Raster Calculator — O *
Map Algebra expression Map Algebra expression
Layers and variables £ Conditional ~ The Map Algebra expression you want to run.
<>Pearsur| Correlation Coeffident = o 3 f , 2 Con
> poprast-re I Pick The expression is composed by specifying the inputs,
{IDW_17NRe 2|5 ][s = |5 ||| || sethu values, operators, and tools to use. You can type in the
<> Poprast_17M Math expression directly or use the buttons and controls to
$ow_im ES IR D help you create it.
<>PnpRast Bxp
O w2 v o . S| L | | i v o The Layers and variables list identifies the
datasets available to use in the Map Algebra
{("IDW_17N-Re” - 4) = ("poprast-re” - 1)) f ((SquareRoot((IDW_17M-Re” - 4)=*2)) = (SquareRoot{(‘poprast-re” - 1)=*2)))| expression. )
« The buttons are used to enter numerical values
and operators into the expression. The ( and )
Output raster buttons can be used to apply parentheses to the
‘ Vaustin.utexas.edu\disk\geoprofiesidefault\brc2254\My Documents\ArcGIS\Default. gdbrastercalc 1 ‘ E; exPreSSIDn' . .
» Alist of commonly used tools is provided for
you.

Cancel Environments. .. << Hide Help Tool Help

Figure 14. The Pearson Correlation Coefficient equation formatted within the Raster Calculator

Discussion

The final map only appeared with +1 (red) and -1 (blue) values seemingly indicating
regions of strong positive (high starling count and high population densities) and strong
negative (likely low starling count and high population densities) correlations. In the
context of the data used to fill the Pearson correlation coefficient, the equation will only
tell me that the starlings and population densities of humans will be correlated above (+1)
or below (-1) their respective mean values. One caveat is that slight differences from the
mean will cause the end-member values with no middle values (correlation regions are
surrounded by areas labeled as no data). If one variable is a little under the mean and the
other slightly above, then we would expect -1. If both are a little above or below the
mean, then we expect +1. The denominator is always positive, acting as an absolute
value. The Pearson correlation coefficient is meant for changes through time that are
summed together and is perhaps not the most appropriate correlation technique for this
analysis. Further research could uncover a new method that may lead to more reliable
results.
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Correlation of Invasive European Starlings and High Human Population per Square Mile in 2012 in Florida by the Pearson Coefficient
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