
SSARP: An R Package for Easily Creating Species- and Speciation- Area Relationships Using 1 

Web Databases 2 

Kristen M. Martinet*,1,2,3, Cristian Román-Palacios1, and Luke J. Harmon3 3 

1. College of Information Science, University of Arizona, Tucson, Arizona, USA 4 

2. Bioinformatics and Computational Biology Program, University of Idaho, Moscow, Idaho, 5 

USA 6 

3. Department of Biological Sciences, University of Idaho, Moscow, Idaho, USA 7 

* Corresponding Author 8 

Abstract 9 

A universal method of quantifying patterns of biodiversity on islands is the species-area 10 

relationship (SAR). SARs visualize the relationship between species richness (the number of 11 

species) and the area of the land mass on which they live. An extension of this visualization, the 12 

speciation-area relationship (SpAR), helps researchers determine trends in speciation rate over a 13 

set of land masses. Comparing these relationships across island systems globally is an extremely 14 

difficult task because gathering and processing a large amount of species occurrence data and 15 

island data often requires researchers to conduct lengthy literature searches and combine datasets 16 

from several different sources. Here we present SSARP (Species/Speciation-Area Relationship 17 

Projector), an R package that provides a simple workflow for creating SARs and SpARs. The 18 

SSARP workflow allows users to gather occurrence data from GBIF, use mapping tools to 19 

determine whether the GPS points in the occurrence data refer to valid land masses, associate 20 

those land masses with their areas using a built-in dataset of island names and areas, and create 21 

SARs using linear and segmented regression. SSARP also provides multiple functions for 22 
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estimating speciation rates for use in creating a SpAR. Using SSARP allows researchers to 23 

dramatically increase the scope of their biodiversity research through the creation of SARs and 24 

SpARs with data from island systems across the globe. 25 

Introduction 26 

MacArthur and Wilson’s (1967) equilibrium model of island biogeography introduced a 27 

foundational framework for understanding patterns of biodiversity on islands. This original 28 

framework proposed an equilibrium point between immigration and extinction rates, and that the 29 

dynamics of this relationship would change based on island size and isolation from other land 30 

masses. This model of island biogeography has been expanded upon multiple times, with 31 

important additions relating to phylogenetic diversification (Heaney 2000), island ontogeny 32 

(Whittaker et al. 2008), and species abundances (Rosindell and Harmon 2013). One important 33 

way to help quantify patterns of biodiversity on islands within these frameworks is the species-34 

area relationship (SAR), which visualizes the relationship between species richness (the number 35 

of species) and the area of the island on which they live. Additionally, the potential for speciation 36 

on islands can be visualized using a speciation-area relationship (SpAR), which plots speciation 37 

rates against the area of the island on which the associated species live. 38 

The general observation that species richness increases with increasing area is a fundamental law 39 

of ecology (Arrhenius 1921; Gleason 1922; Rosenzweig 1995). Disruption of this relationship 40 

may be associated with decreasing biodiversity due to habitat loss and fragmentation (Chisholm 41 

et al. 2018) and increasing numbers of non-native species (Basier and Li 2018; Guo et al. 2021). 42 

Creating SARs for island-dwelling species helps researchers understand how trends in 43 

biodiversity across archipelagos are changing due to these effects. The trends in species richness 44 

that are visualized through the use of SARs can be further explained through the use of SpARs. 45 
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SpARs help pinpoint a threshold land area for in situ speciation (Losos and Schluter 2000) or, in 46 

contrast, find that in situ speciation occurs regardless of area (Wagner et al. 2014). 47 

Global comparisons of island systems are not common in the island biogeography literature 48 

because of the difficulty associated with gathering and processing the large amount of data 49 

needed to make informed conclusions. Researchers who have tackled this problem typically 50 

conduct a lengthy literature search and combine datasets from as many SAR-related papers as 51 

possible (e.g. Baiser and Li 2018; Guo et al. 2021; da Silva et al. 2024). Given the increasing 52 

availability of occurrence data from databases such as GBIF (Global Biodiversity Information 53 

Facility), creating SARs to visualize patterns of biodiversity on a global scale should be a more 54 

accessible practice. Our R package SSARP (Species/Speciation- Area Relationship Projector) 55 

streamlines the process of using global biodiversity data from GBIF to create species-area and 56 

speciation-area relationships.  57 

SARs require two main components to be constructed: occurrence data for taxa of interest and 58 

the area for each land mass on which those taxa reside. SpARs need these two components, 59 

along with a phylogeny to use in estimating speciation rates. A popular method of compiling 60 

occurrence data is through accessing GBIF and other web databases of occurrence data via their 61 

APIs using R packages such as rgbif (Chamberlain et al. 2024) or spocc (Owens et al. 2024). 62 

There are several options for filtering data using these packages, such as including only 63 

occurrence data with GPS points or restricting the geographical area of the data it returns, but 64 

sometimes this data still requires manual cleaning. The CoordinateCleaner R package (Zizka et 65 

al. 2019) provides a suite of useful tools for ensuring that occurrence data from web databases 66 

has meaningful GPS points for use in analyses (for example, testing if GPS points plot in the 67 

ocean instead of on land, if locality information matches the true location of the GPS points, and 68 
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if the GPS points correspond with museum locations instead of true observations). However, the 69 

tools available with CoordinateCleaner frequently flag valid occurrence records on small islands 70 

when a buffer for the coastline is not implemented, and implementing this kind of buffer is often 71 

tedious for islands with minimal geographic data available on global datasets. SSARP fixes this 72 

flagging problem by combining different sources of geographic information to determine 73 

whether occurrence points are truly on land. 74 

SSARP uses the utility of rgbif (Chamberlain et al. 2024) to access occurrence records on GBIF, 75 

which is the occurrence database of choice for this R package because it includes data from 76 

several different online occurrence record databases. To help with the creation of SARs and 77 

SpARs, especially for island-dwelling species, SSARP also includes a built-in dataset of island 78 

names and their associated areas that was created using global island data from Sayre et al. 79 

(2018) with ArcGIS Pro (ESRI 2024). Once occurrence data has been curated and the land mass 80 

area is recorded, the next step for creating these relationships is to use a regression model to 81 

describe the relationship between the number of species (or speciation rate in the case of SpARs) 82 

and the area of the land mass on which they live. For island systems, this regression model is 83 

often represented by a linear regression on a log-log scale (reviewed in Scheiner 2003) or a 84 

segmented regression (reviewed in Matthews and Rigal 2021). SSARP provides functionality that 85 

allows users to create both linear regression models and segmented regression models. However, 86 

we acknowledge that there are several alternative models that can be used to fit SARs. For 87 

instance, the R package sars (Matthews et al. 2019) includes functions to fit SARs using 20 88 

different models and includes methodology for several SAR-related analyses. SSARP includes 89 

only basic functions for fitting SARs because we primarily focus on accessing data, filtering out 90 

invalid occurrence records, and providing speciation rate methodology for creating SpARs. 91 
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Description 92 

The SSARP package allows users to create species-area relationships (SARs) for a taxon of 93 

interest (e.g., the name of a species, subspecies, genus, family) through the use of functions that 94 

serve as sequential steps in the workflow of creating a SAR (Table 1). 95 

 96 

 97 

 98 

 99 

 100 

 101 

 102 

 103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 
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Function Description Input 

getKey Use rgbif (Chamberlain et al. 2024) to 

find the best match for the name given 

and return the taxon key 

Taxon name and rank. 

getData Use rgbif (Chamberlain et al. 2024) to 

retrieve occurrence data from GBIF’s 

database for a given taxon. This 

function will only return occurrences 

that include GPS coordinates. 

Taxon key from “getKey,” 

record number limit, 

(optional) geographic 

constraint in Well Known 

Text (WKT) format. 

findLand Use various mapping tools to attempt to 

find the names of land masses where the 

occurrence points were found. 

Occurrence records, whether 

the function should use the 

Photon API to double-check 

points that were categorized 

as not on land (TRUE) or 

not (FALSE). 

findAreas Reference a dataset of island names and 

areas to find the areas of the land 

masses relevant to the taxon of interest. 

Occurrence records from 

“findLand” 

removeContinents Reference a list of continental areas to 

remove them from the dataframe output 

by the findAreas function. 

Occurrence records from 

“findAreas” 

SARP Use linear or segmented regression up 

to a specified number of breakpoints to 

create species-area relationship plots 

(SARP). The best model as determined 

by AIC is returned. 

Occurrence records from 

“findAreas,” maximum 

number of breakpoints to 

include in regression model 

selection. 

quickSARP Use the basic SSARP workflow for 

creating a species-area relationship for 

island species using occurrence data 

from GBIF without having to execute 

every step manually. 

Taxon name, taxon rank, 

occurrence record number 

limit, (optional) geographic 

constraint in WKT format, 

maximum number of 

breakpoints to include in 

SAR. 

Table 1. Functions included in SSARP for creating a species-area relationship (SAR). 111 

 112 

The basic workflow for SSARP when the user wants to create an SAR involves the following 113 

steps: (1) gather data from GBIF, (2) determine whether the GPS points associated with the 114 

occurrence records truly correspond with land masses, (3) find the areas of those landmasses 115 
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from a dataset included in the package, and (4) create a species-area relationship using the 116 

resulting curated data (Figure 1). 117 

 118 

Figure 1. A flowchart representing the basic workflow for using SSARP to create a species-area 119 

relationship. Steps for creating the SAR are numbered: (1) gather data from GBIF, (2) determine 120 

whether the GPS points associated with the occurrence records truly correspond with land 121 

masses, (3) find the areas of those landmasses from a dataset included in the package, and (4) 122 

create a species-area relationship using the resulting curated data. 123 

 124 

To create a SpAR for a taxon of interest, the user will follow the same workflow as with SARs, 125 

but with an extra user-specified method for estimating speciation rates (Figure 2). Once a dataset 126 

including occurrence records on land and the areas of their associated landmasses is created 127 

using the SSARP workflow, the user must provide a phylogenetic tree for the taxa of interest and 128 

select a method for estimating speciation rates. SSARP currently supports three different methods 129 

for estimating speciation rates: BAMM (Rabosky 2014), the lambda calculation for crown 130 

groups from Magallόn and Sanderson (2001), and DR (Jetz et al. 2012). In order to use the 131 
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BAMM method for estimating speciation rates, the user must supply a bammdata object 132 

generated by reading the event data file from a BAMM analysis with the BAMMtools package 133 

(Rabosky et al. 2014). In order to use the Magallόn and Sanderson (2001) and the DR (Jetz et al. 134 

2012) methods, the user must input a phylogenetic tree associated with the taxa of interest. 135 

Functions specifically relevant to creating SpARs are described in Table 2. 136 

 137 

Figure 2. A flowchart representing the basic workflow for using SSARP to create a speciation-138 

area relationship (SpAR). 139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 
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Function Description Input 

speciationBAMM Use a bammdata object 

created using BAMMtools 

(Rabosky et al. 2014) from a 

BAMM (Rabosky 2014) 

analysis to estimate tip 

speciation rates. These 

speciation rates are then 

returned with the 

corresponding occurrence 

records from previous SSARP 

workflow steps. 

BAMMtools eventdata object, 

specification of the tree tip 

label format (binomial or 

species epithet), occurrence 

records from “findAreas” 

speciationDR Calculate the DR statistic 

(Jetz et al. 2012) using the 

epm package (Title et al. 

2022) to estimate tip 

speciation rates. These 

speciation rates are then 

returned with the 

corresponding occurrence 

records from previous SSARP 

workflow steps. 

Phylogenetic tree 

corresponding with taxa to be 

used for the SpAR, 

specification of the tree tip 

label format (binomial or 

species epithet), occurrence 

records from “findAreas” 

speciationMS Use methodology from 

Magallόn and Sanderson 

(2001) to estimate per-island 

speciation rates. These 

speciation rates are then 

returned with the 

corresponding island areas. 

Phylogenetic tree 

corresponding with taxa to be 

used for the SpAR, 

specification of the tree tip 

label format (binomial or 

species epithet), occurrence 

records from “findAreas” 

SpeARP Use linear or segmented 

regression up to a specified 

number of breakpoints to 

create speciation-area 

relationship plots (SpeARP). 

The best model as determined 

by AIC is returned. 

Occurrence records with 

speciation rates from 

“speciationBAMM,” 

“speciationDR,” or 

“speciationMS;” maximum 

number of breakpoints to 

include in regression model 

selection; whether the user 

chose the “speciationMS” 

function to calculate 

speciation rates (TRUE) or 

not (FALSE) 

Table 2. Functions included in SSARP for creating a speciation-area relationship (SpAR). 147 

 148 

 149 
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Applied Example 150 

As an example of the SSARP workflow, we will gather the first 10000 records from GBIF for the 151 

lizard genus Anolis and determine whether the SSARP workflow creates a species-area 152 

relationship (SAR) and a speciation-area relationship (SpAR) for island-dwelling anole lizards in 153 

the Caribbean that are comparable to the relationships presented by Losos and Schluter (2000). 154 

We do not expect the plots created in this example to exactly match the comparison from Losos 155 

and Schluter (2000) because the occurrence records are not equivalent between their paper and 156 

this example. However, the expectation is that the segmented regressions created using SSARP 157 

will be reasonably similar to those in Losos and Schluter (2000). 158 

Creating a Species-Area Relationship 159 

SSARP must be installed using the “install_github” function in devtools (Wickham et al. 2022). 160 

 install_github(“kmartinet/SSARP”) 161 

 library(SSARP) 162 

Once SSARP is installed and loaded, data will be collected from GBIF. While this example 163 

focuses on data from GBIF, users are able to supply their own data while executing SSARP’s 164 

functions to create SARs and SpARs. In order to access data from GBIF using the rgbif package 165 

(Chamberlain et al. 2024), the key associated with the taxon of interest in the GBIF database 166 

must be determined. This key will be found using the “getKey” function in SSARP: 167 

key <- getKey(query = “Anolis”, rank = “genus”)  168 

# Parameters include the taxon of interest and its rank 169 

The “getData” function in SSARP uses GBIF’s API to access the records associated with the key 170 

obtained above. The “getData” function uses the “occ_search” function from rgbif (Chamberlain 171 
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et al. 2024) to only return occurrence data that includes GPS coordinates. The “limit” parameter 172 

will be set to 10000 in this case for a quick illustration of SSARP’s functionality, but this 173 

parameter can be as large as 100,000 (the hard limit from rgbif for the number of records 174 

returned). If the user wants to create a SAR for a taxon above species rank that has more than 175 

100,000 records on GBIF (the genus Anolis, for example, has over 300,000 georeferenced 176 

records), we recommend using individual species as queries and combining these smaller 177 

datasets to create a dataset that encompasses all possible records. This methodology is described 178 

in the Supplementary Material. 179 

We are only interested in occurrence records for island-dwelling anole lizards located in the 180 

Caribbean, so we will geographically restrict the returned data to this area by setting the 181 

“geometry” parameter to a polygon in Well Known Text (WKT) format that encompasses the 182 

Caribbean islands. 183 

dat <- getData(key = key, limit = 10000, geometry = 'POLYGON((-184 

84.8 23.9, -84.7 16.4, -65.2 13.9, -63.1 11.0, -56.9 15.5, -60.5 185 

21.9, -79.3 27.8, -79.8 24.8, -84.8 23.9))') 186 

Once the occurrence data is returned, we will use each occurrence record’s GPS point to 187 

determine the land mass on which the species was found and find the area associated with that 188 

land mass using a database of island areas and names from SSARP. 189 

land <- findLand(occurrences = dat) # Finds land mass names 190 

area_dat <- findAreas(occs = land) # Finds land areas (in m2) 191 

The “removeContinents” function in SSARP removes any continental occurrence records, which 192 

is useful when the user is only interested in island-dwelling species (as we are in this example). 193 
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While the data obtained by using the “getData” function was geographically restricted, potential 194 

user error in specifying the polygon in WKT format often leads to accidental continental records 195 

that will be removed by using this function. 196 

 nocont_dat <- removeContinents(occs = area_dat) 197 

Next, we will generate the SAR using the “SARP” function. The “SARP” function creates 198 

multiple regression objects with breakpoints up to the user-specified “npsi” parameter. For 199 

example, if “npsi” is two, “SARP” will generate regression objects with zero (linear regression), 200 

one, and two breakpoints. The function will then return the regression object with the lowest AIC 201 

score. The species-area relationship for Anolis in Losos and Schluter (2000) is represented by a 202 

segmented regression with one breakpoint, so “npsi” will be set to one in this example. Note that 203 

if linear regression (zero breakpoints) is better-supported than segmented regression with one 204 

breakpoint, the linear regression will be returned instead. 205 

 SARP(occurrences = nocont_dat, npsi = 1) 206 

The “SARP” function plots the SAR and returns a summary of the regression model. The 207 

returned SAR for island-dwelling Anolis data within the first 10000 records for the genus in 208 

GBIF constrained to a polygon around the Caribbean is presented in Figure 3. 209 
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 210 

Figure 3. The SAR for the lizard genus Anolis returned by SSARP for the island-based 211 

occurrences within a polygon around Caribbean islands from the first 10000 records for the 212 

genus in GBIF. The estimated slopes for the SAR returned by SSARP were 0.09 and 0.71, with a 213 

breakpoint of approximately 22 log(m2). As a comparison, the estimated slopes for the Anolis 214 

SAR reported by Losos and Schluter (2000) were 0.06 and 0.76, with a breakpoint of 215 

approximately 22 log(m2). 216 

 217 

This example walked through the SSARP workflow sequentially, but if a user would prefer to 218 

create a SAR using occurrence records from GBIF using only one command, the “quickSARP” 219 
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function can be used to produce the same result as presented in Figure 3. The parameters for this 220 

function are analogous to the parameters used in the workflow above, except for the “continent” 221 

parameter that is set to “TRUE” when the user would like to remove continents from the dataset 222 

used to create the SAR. 223 

quickSARP(taxon = "Anolis", rank = "genus", limit = 10000, 224 

geometry = 'POLYGON((-84.8 23.9, -84.7 16.4, -65.2 13.9, -63.1 225 

11.0, -56.9 15.5, -60.5 21.9, -79.3 27.8, -79.8 24.8, -84.8 226 

23.9))', continent = TRUE, npsi = 1) 227 

Creating a Speciation-Area Relationship 228 

The “nocont_dat” object created above to generate the SAR in Figure 3 can be used with a 229 

phylogenetic tree to create a SpAR. This step in the SSARP workflow enables the user to 230 

determine whether the breakpoint in the SAR corresponds with a threshold for island size at 231 

which in situ speciation occurs (see Losos and Schluter 2000). The phylogenetic tree for Anolis 232 

used by Patton et al. (2021) was trimmed to only include anoles found on islands in the 233 

Caribbean for use in this example. This trimmed tree is available in SSARP’s GitHub repository. 234 

The SpAR presented in Losos and Schluter (2000) was generated using a speciation rate 235 

estimation method that is similar to Equation 4 in Magallόn and Sanderson (2001), so we will 236 

use the “speciationMS” function from SSARP to estimate speciation rates in this example. The 237 

“label_type” parameter in the “speciationMS” function corresponds to the way the tip labels are 238 

written in the user-provided phylogenetic tree. If the tip labels are simply the species epithet, as 239 

they are in the example tree here, the “label_type” parameter should be set to “epithet.” If the tip 240 

labels include the full species name, the “label_type” parameter should be set to “binomial.” 241 
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tree <- read.tree(file = "Patton_Anolis_Trimmed.tree") # Read in 242 

tree 243 

speciation_occurrences <- speciationMS(tree = tree, label_type = 244 

“epithet”, occurrences = nocont_dat) # Calculate speciation rates 245 

The newly created “speciation_occurrences” object is a dataframe containing island areas with 246 

their corresponding speciation rate as estimated by the “speciationMS” function. Next, we will 247 

use the “speciation_occurrences” object with the “SpeARP” function to create a SpAR. We will 248 

again set the “npsi” parameter to one because the SpAR presented in Losos and Schluter (2000) 249 

has one breakpoint. Note that if linear regression (zero breakpoints) is better-supported than 250 

segmented regression with one breakpoint, the linear regression will be returned instead. The 251 

final parameter is the “MS” parameter, which tells the function whether the user generated 252 

speciation rate estimates using the “speciationMS” function (TRUE) or not (FALSE). This is an 253 

important parameter because if “speciationMS” is used, the speciation rate calculation already 254 

log-transforms the values. The other speciation rate estimation methods do not automatically log-255 

transform the speciation rate values. 256 

SpeARP(occurrences = speciation_occurrences, npsi = 1, MS = 257 

TRUE) 258 

The “SpeARP” function plots the SpAR and returns a summary of the regression model. The 259 

returned speciation-area for the same island-dwelling Anolis data we gathered for the SAR is 260 

presented in Figure 4. 261 
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 262 

Figure 4. The speciation-area relationship (SpAR) for the lizard genus Anolis returned by SSARP 263 

for the island-based occurrences within a polygon around Caribbean islands from the first 10000 264 

records for the genus in GBIF. The estimated breakpoint for the SpAR returned by SSARP was 265 

19.9 log(m2). The breakpoint for the Anolis SpAR reported by Losos and Schluter (2000) was 266 

approximately 22 log(m2). Unlike the results from Losos and Schluter (2000), the breakpoint 267 

estimated by SSARP for this SpAR does not match the SAR breakpoint. This very likely 268 

occurred because the calculation for speciation rate in Magallόn and Sanderson (2001) that 269 

“speciationMS” uses is based on monophyly, which can be disrupted on islands with non-native 270 

species occurrence records.  271 
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 272 

Methods 273 

Finding Island Areas 274 

Part of the workflow for SSARP is to determine whether an occurrence record’s GPS point truly 275 

corresponds with a land mass. The “findLand” function uses the “map.where” function in the 276 

maps R package (Becker et al. 2023), which returns the name of the land mass associated with a 277 

GPS point input. Multiple databases are tested in this process to attempt to fill in any gaps left 278 

over from each database reference. First, the “worldHires” database from the mapdata R package 279 

(Becker et al. 2022) is used with the “map.where” function. Next, the “world” database from 280 

mapdata is used to attempt to fill in any gaps left over from using the “worldHires” database. 281 

Finally, if the “fillgaps” argument in the “findLand” function is set to “TRUE,” the Photon API 282 

(komoot 2024) will be queried for each GPS point that did not receive a land mass name from 283 

the “map.where” calls. Photon provides an easy method of accessing the OpenStreetMap API 284 

(OpenStreetMap contributors 2024) and returns detailed information about the location 285 

associated with a GPS point. The information useful for creating SARs for island species in 286 

SSARP, such as country and island name, is sometimes listed in different parts of the data 287 

returned by Photon. Considering the structure of the Photon output, “findLand” saves three 288 

sections of the Photon result: country, locality, and county. These three parameters were found to 289 

most reliably include the country and island names for a wide variety of GPS points associated 290 

with islands across the globe. 291 

One of the most important components of SSARP is a dataset of island names and their 292 

associated areas. This dataset was created using ArcPy, a Python library for conducting 293 

geographic analyses with ArcGIS Pro (ESRI 2024). The scripts used to gather all of the island 294 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted January 2, 2025. ; https://doi.org/10.1101/2024.12.31.630948doi: bioRxiv preprint 

https://doi.org/10.1101/2024.12.31.630948
http://creativecommons.org/licenses/by-nc-nd/4.0/


data is accessible in SSARP’s GitHub repository (Martinet 2024). Global island data from Sayre 295 

et al. (2018) was queried from the “Default” geodatabase in ArcGIS Pro using three separate 296 

environment masks: one for islands with an area smaller than 1 km2, one for islands with an area 297 

larger than 1 km2, and one for continents. The elevation of each island was also recorded. The 298 

“ZonalStatisticsAsTable” function was used to compile the spatial data and output it as a csv file 299 

for use in SSARP. Island areas were approximated by ArcGIS Pro through the use of pixel 300 

counts. Each pixel represented a 250 m x 250 m (62500 m2) area, and the reported area for each 301 

land mass was calculated by multiplying the number of pixels that cover a land mass by the area 302 

of one pixel. 303 

Speciation Rate Estimation 304 

Three methods for calculating speciation rates are included in SSARP: BAMM (Rabosky 2014), 305 

DR (Jetz et al. 2012), and the lambda calculation from Magallόn and Sanderson (2001). While 306 

tip speciation rate estimations, as calculated in BAMM and DR, are not useful for every analysis, 307 

examining the speciation-area relationship (SpAR) for taxa is a good use case for tip speciation 308 

rates because these relationships focus on non-historical geographic patterns of diversity (Title 309 

and Rabosky 2019). The “speciationBAMM” function in SSARP requires a bammdata object as 310 

input, which must be created using the BAMMtools package (Rabosky et al. 2014) after the user 311 

completes a BAMM analysis. This object includes tip speciation rates by default in the 312 

“meanTipLambda” list element, which SSARP accesses to add the appropriate tip speciation 313 

rates for each species to the occurrence record dataframe. 314 

DR stands for “diversification rate,” but it is ultimately a better estimation of speciation rate than 315 

net diversification (Belmaker and Jetz 2015; Quintero and Jetz 2018) and returns results similar 316 

to BAMM’s tip speciation rate estimations (Title and Rabosky 2019). Due to the nature of this 317 
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metric, the “speciationDR” function returns the values obtained from running the “DRstat” 318 

function from the epm package (Title et al. 2022) as tip speciation rates. 319 

In addition to tip speciation rates, SSARP includes a function for calculating the speciation rate 320 

for a clade from Magallόn and Sanderson (2001). The “speciationMS” function in SSARP uses 321 

the “subtrees” function from ape (Paradis and Schliep 2019) to generate all possible subtrees 322 

from the user-provided phylogenetic tree that corresponds with the taxa of interest for the SpAR. 323 

Then, species in the provided occurrence records generated from previous steps in the SSARP 324 

workflow are grouped by island. For each group of species that comprise an island, the number 325 

of subtrees that represent that group of species and the root age of each subtree is recorded, along 326 

with the name and area of the island. The speciation rate for each subtree is then calculated 327 

following Equation 4 in Magallόn and Sanderson (2001). If an island includes multiple subtrees, 328 

the island speciation rate is the average of the calculated speciation rates. This average is 329 

calculated when the SpAR is plotted. When the “SpeARP” function from SSARP is used to plot 330 

the SpAR, the user must specify whether “speciationMS” was used to calculate speciation rates. 331 

This distinction is important because the Magallόn and Sanderson (2001) method already log-332 

transforms the value for speciation rate, and plotting with “SpeARP” would log-transform these 333 

rates again if the user does not specify whether “speciationMS” was used. 334 

Caveats 335 

Given the nature of data from online databases such as GBIF, occurrence records used for 336 

creating SARs using SSARP might need to be filtered more rigorously than the filtering 337 

mechanisms already included in the SSARP workflow. For example, the user might want to 338 

remove occurrence records that correspond with non-native observations of the taxon of interest 339 

because these records might skew the resulting SAR (Baiser and Li 2018; Guo et al. 2021). 340 
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These records would similarly skew resulting SpARs, especially when using the “speciationMS” 341 

function to calculate speciation rates due to the importance of clades in the equation used in that 342 

function. Additionally, if a GPS coordinate in the occurrence dataset is dramatically incorrect, a 343 

land mass that should not be included in the taxon’s range might be included in the relationship 344 

and create an outlier. These outliers are often visually obvious when the plot is created and the 345 

faulty occurrence record can be easily spotted for removal from the dataframe created by the 346 

“findAreas” function. 347 

 348 

Conclusions 349 

The SSARP package provides users with a seamless workflow for gathering occurrence data 350 

from GBIF and creating species-area relationships (SARs) and speciation-area relationships 351 

(SpARs) with that data. Before the creation of SSARP, researchers who wanted to create these 352 

relationships using information from online occurrence databases such as GBIF would have 353 

needed to install several packages for gathering the data, filtering the data, and creating the plot 354 

itself. Additionally, researchers previously had to conduct extensive literature searches or trace 355 

land masses on a mapping program to assemble their own dataset of island areas pertinent to 356 

their study system in order to create a SAR or SpAR. SSARP precludes this previous need to 357 

install several individual packages and includes a dataset of areas for islands across the globe. 358 

While the process of creating SARs and SpARs in SSARP is built on powerful methods, outliers 359 

might still emerge. Researchers should examine resulting plots carefully to ensure that none of 360 

the occurrence data returned by GBIF represents land masses or taxa that should not be included 361 

in the final relationship when considering the study design. The ease with which researchers 362 

create species-area relationships and speciation-area relationships using SSARP will allow for the 363 
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emergence of more studies that compare these relationships using global datasets, which will 364 

hopefully lead us to a clearer picture of the world’s biodiversity.  365 

 366 

Code Availability 367 

The SSARP R package and external data used in the Applied Example are available freely on 368 

GitHub in the following repository: https://github.com/kmartinet/SSARP. We plan to submit 369 

SSARP to CRAN and rOpenSci. 370 
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