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Overview of the StallPOPdV3 software application 
 
Wildlife managers must stay abreast and act quickly when deleterious situations for sensitive 
wildlife prey emerge as a result of human subsidy of predators. In the case of the desert SW of the 
United States, the subsidized expansion of common raven populations constitutes an acute threat 
the sensitive sympatric species, such as the desert tortoise. This software leverages density 
independent and density dependent population matrix models to identify treatment strategies that 
may be used to reset, slow, or halt subsidized population growth of ravens.  
 
This software provides information on the situational modifications to the growth rate that would 
ensue (in a deterministic sense) when raven reproductive output and/or survival are each reduced 
by some percentage. This software is the third of its kind behind StallPOPd (Version 1.0) and 
StallPOPdV2.  
 
This software allows the user to: 
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1. Enter the deterministic elements of an annual, 3-stage, one-sex, density dependent or density 
independent Lefkovitch matrix model (Shields et al. 2019). 
2. Identify the combinatorial reduction in fertility and survival that must be achieved in any given 
raven population to “reset” abundances to levels sustainable for coexistence with sympatric 
wildlife prey over the duration of one calendar year. The sustainable level is pre-programmed to 
be 0.4 birds per square kilometer; Coates et al. 2020.  
3. Identify one-, two-, or three-treatment combinations that may be used to maintain the population 
at a growth rate of one in perpetuity. Possible treatment combinations include all one-, two-, or 
three-way combinations of the (i.) reduction in fertility; (ii.) reduction in hatchling survival; (iii.) 
reduction in non-reproductive survival; and/or (iv.) reduction in breeder survival.   
4. Identify the magnitude of the growth rate under no treatments, partial levels of treatments (one-
way, two-way, or three-way combinations), or under optimal levels of treatments (one-way, two-
way, or three-way combinations).  

 
Interactive Software User Tutorial 
 
Preparing the app for use on your computer: 
 
Step 1: Identify the appropriate structure of the 3-stage model matrix for your species. 
Step 2: Gather field data of vital rates for your species.  
Step 3: Download the “StallPOPdV3.R” software code and save it on your computer.  
Step 4: Install the appropriate version of R (Version 4.0.2) and RStudio (Version 1.1.463) on your 

computer.  
Step 5: Install the appropriate versions of the library packages “devtools (Version 2.3.2)”, “shiny 

(Version 1.5.0)”, “shinyBS (Version 0.61)”, “shinydashboard (Version 0.7.1)”, 
“shinydashboardPlus (Version 0.7.5)”, and “scatterplot3d (Version 0.3-41)” in R Studio. 
To install these packages, open the “StallPOPdV3.R” file in R studio, remove the comment 
(“#”) symbol from lines 69-74, run lines 69-74, then replace the comment symbol to the 
lines.  

Step 6: Once the appropriate versions have been installed, click “Run All” and begin interacting 
with the software application.  

 
Using the StallPOPdV3 interactive software app 
 

Initialize the mathematics by entering the elements of your model matrix, the geographical 
characteristics of your system, the current state of raven densities, and the desired state of 
raven densities.  

 
Step 1:  Enter the numeric values of the elements of your population matrix model. The inputs 

constitute the entries of a deterministic, one-sex, closed system, with either a density 
dependent or density dependent structure (e.g., see Caswell, 2001). The element in the top 
right is the adult fertility, with units of one female offspring, per breeding adult female, 
per year. Fertility can take on any positive value that is appropriate to the biology. The 
elements in the second and third rows are the survival transitions. Transition must reflect 
the formal parameterization of the appropriate age-stage or stage structured population 



matrix (refer to Caswell, 2001. Please see Caswell 2001 for directions on parameterizing 
such a model.   

 
Step 2. Enter the geographical size of the study area (in sq. km) that supports the raven population 

depicted by the matrix in Step 1.   
 
Step 3. Enter the starting (untreated) density of ravens in the study area specified in Step 2. 
 
Step 4. Enter the desired (target) density of ravens in the study area specified in Step 2. If unknown, 

a default target density is 0.4 ravens per square kilometer (Coates et al. 2020).  
 
Note: You may adjust your inputs by returning to the “Matrix Initiation” tab at any time.  
 
If your matrix is density independent (i.e., the transition elements from non-breeders -> non-
breeders and the transition from breeders -> non-breeders are both equal to zero), then: 
  
Step 5: Click on the “Density Independent System” menu heading. 
 

Under that menu, you will find three headings: “One-Time Reset”, “Long-Term 
Maintenance Overview”, and “Long-Term Maintenance”.  

 
Step 6. Click on the “One-Time Reset” tab.  
 

The “One-Time Reset” tab leverages your inputs from the “Matrix Initiation” tab and 
estimates the abundances of hatchlings, non-breeders, and breeders that exist in your study 
area if your system was in stable status (see Caswell 2001). As well, it estimates the target 
abundances of hatchlings, non-breeders, and breeders in your study area when the system 
reflects your target density. Finally, the tab reveals the one-time target vital rates that must 
be achieved to convert your current densities to your targets densities in one calendar year.  

 
Step 7. Click on the “Long-Term Maintenance Overview” tab.  
 

The “Long-Term Maintenance Overview” tab reveals two-way combination strategies that 
may be enacted to reduce the growth rate to one. The x-axis represents the proportion of 
eggs that must be killed, and the y-axis represents that the proportion of birds that must be 
killed. The arcs in the plot represent the levels of combinatorial strategies that may be 
enacted to reduce the growth rate to one.  

 
Step 8. Click on the “Long-Term Maintenance” tab.  
 

The “Long-Term Maintenance” tab is compartmentalized into one- (“Treatments Used in 
Isolation”), two- (“Dual Combination Treatments”), and three-way (“Triple Combination 
Treatments”) treatment combination possibilities. Each tab panel contains the possible 
combinations of treatments in the form of a radio button.  

 
Step 9. Click the radio button representing the treatment of interest.  



 
Three subheadings will appear for your treatment: (1) Halt Growth; (2) Stall Growth; and 
(3) Interim Growth 
 
The "Halt Growth” subheading displays the proportion of eggs and/or birds that must be 
killed each year to maintain the population growth rate at one.  
 
The "Stall Growth” subheading allows you to calculate the growth rate given a user-entered 
proportion of eggs and/or birds that are killed.  

 
Step 10. Under the “Stall Growth” subheading, enter the proportion of eggs that you would like to 

addle each year (a decimal between zero and one) and/or the proportion of birds that you 
would like to kill each year (a decimal between zero and one). This software will 
immediately calculate the growth rate given a treatment regime consistent with your 
entries. 

 
The "Interim Growth” tab displays the theoretical adult trajectories of ravens for an 
arbitrary population that is initiated with 100 total females in stable stage distribution (e.g., 
Caswell 2001). The black line represents the theoretical adult trajectory of ravens when no 
treatment is conducted. The blue line represents the theoretical trajectory when optimal 
treatment is applied.  

 
Step 11. Under the “Interim Growth” tab, enter the proportion of eggs that you would like to addle 

each year (a decimal between zero and one) and/or the proportion of birds that you would 
like to kill each year (a decimal between zero and one). The software will immediately plot 
a red dotted line that represents the theoretical trajectory of the system given the treatment 
regime of your entries. 

 
If your matrix is density dependent (i.e., the transition elements from non-breeders -> non-
breeders and the transition from breeders -> non-breeders are both non-zero), then: 
 
Step 5: Click on the “Density Independent System” menu heading. 
 

Under that menu, you will find three headings: “One-Time Reset”, “Long-Term 
Maintenance Overview”, and “Long-Term Maintenance”.  

 
Step 6. Click on the “One-Time Reset” tab.  
 

The “One-Time Reset” tab leverages your inputs from the “Matrix Initiation” tab and 
estimates the abundances of hatchlings, non-breeders, and breeders that exist in your study 
area if your system was in stable status (see Caswell 2001). As well, it estimates the target 
abundances of hatchlings, non-breeders, and breeders in your study area when the system 
reflects your target density. Finally, the tab reveals the one-time target vital rates that must 
be achieved to convert your current densities to your targets densities in one calendar year.  

 
Step 7. Click on the “Long-Term Maintenance Overview” tab.  



 
The “Long-Term Maintenance Overview” tab reveals two-way combination strategies that 
may be enacted to reduce the growth rate to one. The x-axis represents the proportion of 
eggs that must be killed, and the y-axis represents that the proportion of birds that must be 
killed. The arcs in the plot represent the levels of combinatorial strategies that may be 
enacted to reduce the growth rate to one.  

 
Step 8. Click on the “Long-Term Maintenance” tab.  
 

The “Long-Term Maintenance” tab is broken into one- (“Treatments Used in Isolation”), 
two- (“Dual Combination Treatments”), and three-way (“Triple Combination Treatments”) 
treatment combination possibilities. Each tab panel contains the possible combinations of 
treatments in the form of a radio button.  

 
Step 9. Click the radio button representing the treatment of interest.  
 

Three subheadings will appear for your treatment: (1) Halt Growth; (2) Stall Growth; and 
(3) Interim Growth.  
 
The "Halt Growth” subheading displays the proportion of eggs and/or birds that must be 
killed each year to maintain the population growth rate at one.  
 
The "Stall Growth” subheading allows you to calculate the growth rate given a user-entered 
proportion of eggs and/or birds that are killed.  

 
Step 10. Under the “Stall Growth” subheading, enter the proportion of eggs that you would like to 

addle each year (a decimal between zero and one) and/or the proportion of birds that you 
would like to kill each year (a decimal between zero and one). This software will 
immediately calculate the growth rate given a treatment regime consistent with your 
entries. 

 
The "Interim Growth” tab displays the theoretical adult trajectories of ravens for an 
arbitrary population that is initiated with 100 total females in stable stage distribution (e.g. 
Caswell 2001). The black line represents the theoretical adult trajectory of ravens when no 
treatment is conducted. The blue line represents the theoretical trajectory when optimal 
treatment is applied.  

 
Step 11. For one- or two- way treatment combos: Under the “Interim Growth” tab, enter the 

proportion of eggs that you would like to addle each year (a decimal between zero and one) 
and/or the proportion of birds that you would like to kill each year (a decimal between zero 
and one). The software will immediately plot a red dotted line that represents the theoretical 
trajectory of the system given the treatment regime of your entries. 

 
Saving your results 
 
Step 12. Click on the “Save Results” tab.  



 
Step 13. Click on the “Download the Annual Treatments” button.  
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Changes since the original submission of StallPOPdV2 
 
Mr. Kerry Holcomb was added as co-author, the USFWS disclaimer was added, the capability to 
calculate the “one-time-punch” was incorporated into the software, all two- and three-way 
treatment combinations were added, and the readme has been updated to reflect the new 
capabilities and versioning. These changes arose to satisfy recommendations through the formal 
scientific peer review process.  
 
Technical details  
 
This app was written under R Version 4.0.2 and R Studio Version 1.1.463 and requires the R 
packages “devtools (Version 2.3.2)”, “shiny (Version 1.5.0)”, “shinyBS (Version 0.61)”, 
“shinydashboard (Version 0.7.1)”, “shinydashboardPlus (Version 0.7.5)”, and “scatterplot3d 
(Version 0.3-41)”. 
 
License 
 
This software is shared under a MIT License.  
 
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and 
associated documentation files (the "Software"), to deal in the Software without restriction, 
including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, 
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and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do 
so, subject to the following conditions:  
 
The above copyright notice and this permission notice shall be included in all copies or substantial 
portions of the Software.  
 
THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, 
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF 
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND 
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS 
BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN 
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN 
CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE 
SOFTWARE.  
 
Suggested Citation for the use of this software: 
 
Hanley, B., Currylow, A., Holcomb, K., Shields, T., Boland, S.,  & Vaughn, M. 

(2020) StallPOPd V3 Web Interactive: Interactive software to calculate the combination 
of egg addling and bird culling needed to stall or halt population growth of subsidized 
ravens [Software]. 
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