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Introduction 

 

In Puerto Rico, the Caribbean Ecological Services Field Office of the United States Fish and 

Wildlife Service (USFWS) currently bears the responsibility to manage, with the goal of 

recovery, 77 listed species (J. Cruz-Burgos, Endangered Species Program Coordinator, pers. 

comm.).  The staff of the Caribbean Field Office Endangered Species Program performs diverse 

tasks (hereafter, recovery actions) to protect and recover these listed species 

(http://www.fws.gov/caribbean/es/Endangered-Main.html), as well as additional at-risk species.  

With many endangered species, uncertain knowledge, and limited resources, there is a risk of 

inefficient resource allocation (reducing the rate of species recovery) or inadequate resource 

allocation (leading to species extinction).  There is a need to develop a strategy to prioritize 

among possible recovery actions in a manner that maximizes the benefit to listed species over the 

long term while simultaneously protecting species at risk of imminent extinction.  Planning the 

allocation of limited resources and effort is difficult, not only due to knowledge gaps, but also 

due to the inherent challenges of managing complex, dynamic systems under stress.  However, 

formal analysis of management practices and decision alternatives can improve the planning 

process, reducing risks despite uncertainty and maximizing the chance of successful outcomes 

(Conroy et al. 2008; Gregory & Failing 2012; Martin et al. 2009). 

 

In January 2015, we led the Caribbean Field Office staff and partners from the Puerto Rico 

Department of Environment and Natural Resources (DENR) through a Structured Decision 

Making workshop (Gregory & Failing 2012) to identify the principles and information which 

guide their endangered species recovery decisions.  The ultimate goal of this workshop was to 

breakdown the decision process into its components and then construct a Recovery Action 

Prioritization tool from these components.  The vision for this project described a simple, 

transparent tool that would incorporate information regarding costs, expected benefits of action, 

expected risks of inaction, sources of uncertainty, and probability of success, among other 

factors.  The anticipated functionality of the tool included the abilities to simultaneously evaluate 

all possible decisions (within the set contained in the decision database) and to explore 

alternative decision scenarios (e.g., different budgets, decision values, or recovery action data).  

Some of the anticipated benefits of such analyses would be improved transparency of the 

decision process, greater confidence in the decisions selected (and not selected), increased ability 

to explore potential conflicts (due to differences in either information or values), increased 

ability to present impacts of any proposed budget changes, and reduced burden of pending legal 

issues. 

 

The workshop was also attended by supervisors from the Field Office and from DENR (decision 

makers).  In the workshop, we identified and characterized the criteria by which FWS staff make 

decisions when they act to recover endangered species.  We worked to clarify both their 

objectives (i.e., what they hoped to achieve) and their justifications (e.g., cost, response time, 

collaboration, probability of success, etc.) driving them to select one decision above another. 

As part of this process, we worked with the workshop participants to formally define objective 

functions by which they evaluate decisions.  We used the information gathered in the workshop 

to develop a tool to help prioritize decisions as defined by the participants.  We delivered this 

tool to the FWS via webinar in March 2015. 

 

http://www.fws.gov/caribbean/es/Endangered-Main.html
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This report outlines the workshop outcomes and the resulting Recovery Action Prioritization 

tool.  The associated documents deliver the model underlying the prioritization tool (written in 

the program R; R Core Team 2014) along with a sample database, instructions, and definitions.  

The FWS has responsibility to complete the database, explore the decision weighting system, 

and ultimately, prepare an Endangered Species Program plan.  Through the workshop and this 

report, we have introduced FWS and partner staff to formal decision-making procedures that can 

serve as a template for other programmatic units. 

 

Methods and Results 

 

Workshop 

 

The workshop had two primary objectives: (1) familiarize all field office staff with formal 

decision analysis and strategies to define and then optimize management outcomes, and (2) 

gather the necessary information to produce a tool to prioritize recovery actions that the 

Caribbean Field Office Endangered Species Program could apply to better leverage limited 

resources, and to more efficiently and effectively recover listed species.  Eleven staff and 

supervisors from the Caribbean Field Office and five from the DENR participated in the 

workshop.  The first day provided an overview of the project objectives and discussion of the 

Endangered Species program current management framework.  This included discussion of the 

agency’s mandate and procedures, such as budget strategies (e.g., whether recovery money is 

distinct from administration costs), current measures of success (e.g., annual and 5-year review 

procedures), and how recovery actions have been selected (versus delayed) in the past.   

 

A novel aspect of our project, compared to past discussions of endangered species recovery 

decisions, was the incorporation of estimated costs, probability of success, and risks associated 

with inaction.  Several recent projects have demonstrated that including costs and probability of 

success is critical to developing effective conservation plans generally (DoF 2013; Joseph et al. 

2008; McCarthy et al 2008; Scott et al. 2005), and for endangered species specifically.  

Workshop participants reviewed the case study of New Zealand which recently increased their 

rate of species recovery by incorporating costs and probability of success (Joseph et al. 2008).  

We used this project as a launching point to discuss FWS definitions of success.  Previous 

projects have not always considered the risk of delayed action (e.g., if three of ten decisions are 

prioritized for action based on cost and probability of success, then seven actions are delayed).  

Therefore, we also devoted workshop time to discuss whether FWS considered risk of delayed 

action when making decisions.  Specifically, we asked if there were any situations (e.g., high 

cost, low probability of success) under which the FWS could knowingly delay action if best 

available science and best professional judgement predicted a high risk of species extinction due 

to delay. 

 

We constructed the prototype models in real-time collaboratively with the workshop participants.  

The ability to gather information (model parameters, variable definitions, decision objectives, 

etc.) and immediately demonstrate how these parameters combined to affect decision priority 

was critical to the success of the workshop.  This procedure (developing the prototype model 

within the workshop) maintained a high level of engagement and momentum as products could 

be reviewed and modified immediately.  A significant portion of the first day required clarifying 
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fundamental versus means objectives.  Initially, FWS staff more easily identified means 

objectives (e.g., protect land, reduce poaching, control predation, acquire knowledge) than 

fundamental objectives (e.g., recover species, prevent extinction, etc.).  Significant discussion 

also focused on deciding whether the annual decisions addressed only the Endangered Species 

Act mandate to recovery species or if other factors also influenced their day-to-day decisions.  

Through our iterative approach, FWS staff could immediately see the implications of their 

various ideas and we could test if ranking actions by expected contribution to recovery, for 

example, matched with the actions they would recommend.  Discrepancies indicated the 

possibility of additional decision criteria or exceptions for “special cases” that required further 

investigation. 

 

To illustrate, some of the special cases that participants identified and discussed included: 

(1) Species with unknown population status.  These are species that require research to 

determine appropriate recover actions.  Thus the action of research arguably does not 

immediately or directly contribute to recovery.  In fact, research could result in 

determining a species is at even more risk than previously suspected.  Yet effort to 

acquire knowledge is sometimes prioritized.  Significant discussion focused on if/when 

FWS would ever value an action leading to transition from unknown to known status 

over a transition from endangered to threatened to recovered status. 

(2) Species that have a very low probability of recovery.  Some species might never recover, 

but certain actions could greatly improve the probability of long-term persistence.  Effort 

to improve a species’ long-term probability of persistence is sometimes prioritized. 

(3) Actions that have a low probability of successful completion.  Some actions have a really 

high probability of resulting in recovery if implemented but a low probability of being 

successfully implemented at present.  Effort on such an action might be delayed (de-

prioritized) until the opportunity for successful action improves. 

(4) Species at imminent risk of extinction if immediate action not taken.  Delayed action, in 

some cases, could have a high likelihood of resulting in species extinction.  In such cases, 

action is likely to be prioritized; FWS would not knowingly act to allow a species to go 

extinct, even if the expected outcome of the action was population maintenance rather 

than recovery. 

As these examples illustrate, selecting among hundreds of possible actions to manage for species 

recovery is a complex process.  However, as these same examples illustrate, FWS staff could 

generally identify how they would interpret their mandate and act in various scenarios.  

Together, evaluating these and other scenarios, we identified a set of fundamental objectives and 

their relative value weights to incorporate into the decision prioritization tool. 

 

Recovery Action Prioritization Tool 

The Recovery Action Prioritization Tool has three fundamental objectives.  Given an expected 5-

year budget estimate (input by the manager), the tool identifies sets of actions that will: 

 

 Maximize the probability of positive reclassification 

 Maximize the increase in probability of long-term persistence 

 Minimize the immediate risk of extinction 
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The tool incorporates uncertainty due to imperfect information.  In addition to estimating 

probabilities, the experts also characterize the quality of the information supporting their 

estimates.  Specifically, they scored their confidence in the information on a 0 – 100% scale. 

 

Software Requirements 

The tool only requires Excel (input and output data) and R (model code), but having R Studio 

will help greatly.  R Studio is a programming shell (IDE, integrated development environment) 

that will color code the R text and provide line numbers for easy reference.  Both R and R Studio 

are free. 

 

R (http://www.r-project.org/) 

R Studio (http://www.rstudio.com/) 

 

The model was developed in R  version 3.1.2 (2014-10-31) -- "Pumpkin Helmet", Copyright (C) 

2014 The R Foundation for Statistical Computing, Platform: x86_64-w64-mingw32/x64 (64-bit) 

using R Studio version 0.98.1102 – © 2009-2014 RStudio, Inc. 

 

Model Code Description 

First we divide the data into two tables: Candidate Actions and Non-Candidate Actions.  

Managers should review the Non-Candidate Action table to understand what actions have been 

excluded, especially for species suspected to be at high risk of immediate extinction.  Candidate 

Actions are those actions requiring decisions for this decision cycle.  These are all actions Not 

Yet Started (Progress = 0) and with all Prerequisites completed (Prerequisites = N).  This model 

only considers and weights decisions available in the present; it does not account for future 

expectations.  For example, if Step 1 has a very low value and Step 2 has a very high value (but 

is prerequisite on completing Step 1), the model does not look ahead to predict that you should 

do Step 1 because Step 2 has such a high value.  Although the decision database includes some 

data to incorporate more complex dynamics (e.g., prerequisite structure, benefits of single 

actions shared across multiple species), it was beyond the scope of this pilot project to 

incorporate these more complex dynamics.  (See the discussion for strategies to include future 

expectations and dynamics of decision interactions in future versions of the model.) 

 

Next we incorporate the uncertainty into the expected benefits of action and risks of inaction.  

We incorporate uncertainty for the five probability variables: successful completion, 50 year 

baseline extinction, 50 year with action extinction, delay action 5 year extinction, reclassification 

probabilities.  (Note: These time horizons are built into the database variable definitions, but in 

other applications the time horizons could easily be adjusted).  We did this by treating the 

experts’ probability estimates as mean values from a normal distribution and using their 

confidence score to calculate a standard deviation value for each mean.  Thus, if an expert 

predicted a probability of 0.75 with a confidence of 0.80, we assigned a standard deviation of 

0.75*(1-0.80) = 0.15.  For each expected probability, we drew a value from the probability 

distributions defined by these means and standard deviations. The change in probability of 

persistence was calculated as the 50 year baseline extinction probability minus the 50 year with 

action extinction probability.  In any case where the selection of distribution values resulted in 

probabilities greater than 1 or less than 0, these were adjusted to 1 or 0, respectively.  Although 

the estimates of costs, time, benefits shared with other species, and leverage (expected 

http://www.r-project.org/
http://www.rstudio.com/
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percentage contribution from partners) are also best professional judgments subject to 

uncertainty, these variables are treated as known values in our model. 

 

The value of an action includes both the expected contribution towards an objective and the 

probability of successfully completing the action within the stated budget and time frame.   We 

calculated the single objective values for three objectives: minimize 5 year extinction risk due to 

delaying action, maximize increase in probability of persistence, and maximize probability of 

reclassification.  The manager must select numeric values to indicate agency decision values at 

two points.  First, weights must be assigned to the three possible reclassification transitions: 

unknown to known, endangered to threatened, and threatened to recovered.  Based on 

correspondence with the staff of the Caribbean Field Office Endangered Species Program, 

default values for these transitions are currently set to 1.0, 1.5, and 3.0, respectively (Lines 144-

146 in Rcode).  For each action, the calculated reclassification objective values are multiplied by 

the relevant weight value.  The second point where managers must assign weights is when we 

combine objectives within a single decision framework.  Based on discussion with PR-FWS, 

default values for the risk, persistence, and reclassification objectives are 1.5, 1.0, and 2.0, 

respectively (Lines 168-170 in Rcode).  To calculate the value of an action given all three 

objectives jointly, we calculated the weighted average for that action. 

 

Once all actions have been valued for the individual and joint objective, we sort the actions (high 

to low) based on the value column.  Managers indicate the available annual budget (Line 22 in 

Rcode) and actions are selected, starting from the top of the list (highest value towards meeting 

objective), until the budget has been allocated.  (Note: In this calculation, we only reference the 

percentage of costs covered by the FWS.)  Importantly, in this version of the tool, actions are 

considered individually.  Although we gathered data on shared costs and benefits (e.g., one 

action, such as habitat protection, could protect multiple species) it was beyond the scope of this 

initial project to map and model the temporal, spatial, and taxonomic interdependencies among 

species.  Implications and recommendations relative to this aspect of the model design are 

presented in the discussion. 

 

The entire model process of drawing probability values, calculating objective values, and 

identifying the actions that best meet objectives within the given budget is repeated multiple 

times (default is 1000 simulations; Line 70 in Rcode).  Given uncertainty on the probability 

estimates, the decision set can differ slightly among model runs.  We report the results in two 

ways.  First, we tabulate how many times, given a specified budget, each action was selected 

within any decision set given each objective function (Table 1).  Second, we identify which sets 

of actions were most frequently selected as a group of actions within the budget constraints 

(Table 2).  

 



 

 
 

Table 1. An illustrative example of the "individual action" output showing how many times (number of simulations out of 1000) each decision was included as 
part of the top priority decision set.  The format has been modified for readability.  These results are not representative of any FWS decision values and are 
merely a sample run with a subset of the data and default budget and priority value weights to illustrate output data and data interpretation.  Results are 
tallied for each priority objective individually (minimize immediate extinction risk [Risk], maximize increase in persistence [Persist], and maximize probability of 
positive reclassification [Reclass]), and for the combined result from considering the three weighted objectives together [Weighted].  Referenced species are: 
Mona Island boa (Epicrates monensis granti), unnamed fern (Thelypteris yaucoensis), unnamed shrub (Catesbaea melanocarpa), unnamed fern (Adiantum 
vivesii), Monito gecko (Sphaerodactylus micropithecus), uvillo (Eugenia haematocarpa), guajón (Eleutherodactylus cooki), Mona iguana (Cyclura steinegeri). 

Action Risk Persist Reclass Weighted 

Protect and manage known E. monensis granti populations 685 860 861 907 

Prevent T. yaucoensis habitat loss and population decline 18 936 82 857 

Evaluate techniques and develop a plant propagation program for C. melanocarpa 887 946 396 824 

Conduct research on A. vivesii genetics to determine if it is hybrid 706 0 352 818 

Monitor for potential S. micropithecus predation 3 704 819 765 

Conduct scientific research on C. melanocarpa on specific habitat requirements and population genetics 844 748 484 747 

Protect existing C. melanocarpa populations from threats and limiting factors through landowner agreements and other 
conservation mechanisms 

982 855 7 697 

Determine status and trends of present S. micropithecus population 301 56 757 597 

Determine the distribution and population status of C. melanocarpa throughout its present and historic range including 
Barbuda Antigua and Guadalupe 

0 886 502 583 

Define T. yaucoensis habitat requirements and reproductive biology. 0 973 0 464 

Update T. yaucoensis distribution and abundance information 900 204 0 265 

Gather info on E. haematocarpa distribution  and abundance 0 0 748 265 

Determine the distribution and population status of the E. cooki within traditional non-traditional and unoccupied habitat 0 697 952 195 

Document the effect of natural and manmade disturbances on the E. cooki population 944 16 868 154 

Implement conservation strategies for protection of essential habitat for the E. cooki 71 25 552 55 

Determine status of present E. monensis granti populations 0 21 239 24 

Determine and characterize habitat requirements E. monensis granti movements and behavior 0 25 238 18 

Develop an inter-agency agreement to promote E. haematocarpa recovery 0 13 145 15 

Facilitate the recovery of C. melanocarpa through public awareness and education 83 625 0 1 

Prevent A. vivesii habitat loss and decline 549 0 0 0 

Gather info to define A. vivesii distribution and abundance 2 0 0 0 

Facilitate the recovery of the E. cooki through public awareness and education 334 26 0 0 

Determine the current status of the C. steinegeri population 0 34 315 0 

7
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Table 2. An illustrative example of the "decision set" output showing all decision sets identified as the priority set in 
greater than 1% of the simulations (>10 of 1000) based on the weighted average of the three agency priority 
objectives.  The format has been modified for readability.  These results are not representative of any FWS decision 
values and are merely a sample run with a subset of the data and default budget and priority value weights to 
illustrate output data and data interpretation.  Notice that actions 3, 9, 11, and 12 occur in all the top decision sets, 
therefore these are decisions we refer to as being robust to knowledge uncertainty.  Actions 10, 19, 25, 27, and 28 
appear substitutable given uncertainty, and these are decisions which impart a degree of flexibility given 
uncertainty.  Similar tables are also generated for each individual objective.  Referenced species are: unnamed fern 
(Adiantum vivesii), unnamed shrub (Catesbaea melanocarpa), unnamed fern (Thelypteris yaucoensis), Mona Island 
boa (Epicrates monensis granti), Monito gecko (Sphaerodactylus micropithecus), uvillo (Eugenia haematocarpa). 

Decision Set % Sims 

(3) Conduct research on A. vivesii genetics to determine if it is hybrid, (9) Protect existing C. 
melanocarpa populations from threats and limiting factors through landowner agreements and 
other conservation mechanisms, (10) Determine the distribution and population status of C. 
melanocarpa throughout its present and historic range including Barbuda Antigua and Guadalupe, 
(11) Evaluate techniques and develop a plant propagation program for C. melanocarpa, (12) Conduct 
scientific research on C. melanocarpa on specific habitat requirements and population genetics, (19) 
Prevent T. yaucoensis habitat loss and population decline, (25) Protect and manage known E. 
monensis granti populations, (27) Determine status and trends of present S. micropithecus 
population 

5.2 

(3), (9), (10), (11), (12), (19), (25), (28) Monitor for potential S. micropithecus predation 

 - NOT (27) 
5.1 

(3), (9), (10), (11), (12), (19), (25), (28) Monitor for potential S. micropithecus predation, (30) Gather 
info on E. haematocarpa distribution  and abundance 

 - NOT (27) 

3.7 

(3), (9), (10), (11), (12), (27), (28) Monitor for potential S. micropithecus predation 

 - NOT (19), (25) 
3.5 

(3), (9), (11), (12), (19), (25), (28) Monitor for potential S. micropithecus predation 

 - NOT (10), (27) 
2.9 

(3), (9), (11), (12), (19), (25), (27), (28) Monitor for potential S. micropithecus predation 

- NOT (10) 
2.1 

 

  



 

9 
 

Products, Outcomes, and Next Steps 

These are the products delivered with this report (RecoveryActionPrioritization_Report.pdf): 

 Spreadsheet of decision data (RecoveryActions_DDMMYYYY.xlsx) 

 Data quality checklist (RecoveryActions_DataCheckList.pdf) 

 Definition sheet to accompany spreadsheet (Prioritization_Definitions.pdf) 

 Model code, Version 1.0 (RecoveryActionPrioritization_V1.R) 

 Model instructions (RecoveryActionPrioritization_Instructions.pdf) 
 

This first version of the Recovery Action Prioritization Tool is fully functional and offers several 

immediate benefits over current decision processes.  Specifically, our model provides: 

(1) Recommendations for decisions that are robust, yet flexible in the face of various sources 

of uncertainty. 

(2) Documentation (transparency) of agency assumptions, data, and values underlying 

decisions. 

(3) A central location for Recovery Action information for easier data management, 

knowledge transfer, and outcome monitoring (Campbell et al. 2002). 

(4) The means to quickly and with greater detail summarize anticipated effects of budget loss 

or gain in terms of anticipated ability to perform Recovery Actions. 

(5) The means to quickly and with greater detail summarize anticipated effects changing 

recovery landscape (e.g., partners, probabilities success, costs of actions). 

(6) The means to explore whether differences of opinion (e.g., regarding budget, weights, or 

estimated values within the model) are significant enough to alter prioritization, and thus 

warrant further research or discussion. 

 

While the tool is fully functional, there are still several tasks to be undertaken by the FWS staff, 

as outlined in the project proposal.  Specifically, they will complete data entry to populate the 

recovery action spreadsheet, run through a set of simulations to ensure that they understand the 

tool, and finally use the tool to support the development of a recovery planning document for the 

PR recovery program.  Optionally, they may wish to develop a strategy to maintain the database 

and to assess the performance and value of the tool.  We will remain available to provide 

technical support and guidance. 

 

Discussion 

 

With this work, the Puerto Rico FWS demonstrate a transition from a reactive to a proactive 

approach to selecting and implementing Recovery Actions for endangered species recovery.  In 

the absence of a prioritization strategy, the staff expressed frustration that good recovery work 

was not translating to higher numbers of petitions to positively reclassify species.  They cited 

several examples of near-complete recovery projects, where final action was delayed as other 

emergencies or opportunities demanded resources.  Furthermore, with 77 listed species and 

hundreds of recommended Recovery Actions, they lacked a structured way to annually select the 

few projects that would best achieve their mandate.  This challenge is not unique to the Puerto 

Rico office (DoF 2013; Joseph et al. 2008; McCarthy et al 2008; Scott et al. 2005) and Defenders 

of Wildlife recently recommended prioritization as the first of five strategies to improve 

endangered species programs: “The problem is that prioritization is not often explicit, transparent 

or organized, thus preventing limited resources from being used to maximize the amount of 
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species diversity conserved (one of the underlying goals of the [Endangered Species Act])” (DoF 

2013).  Recent case studies in New Zealand and Australia demonstrate that prioritization 

generally, and the integration of cost and probability of success specifically, can dramatically 

improve the efficiency and effectiveness of endangered species recovery programs (Joseph et al. 

2008, McCarthy et al. 2008). 

 

There are three primary means by which this initial version of the tool could be improved.  We 

present these in increasing order of complexity.  First, the utility of the tool could be greatly 

improved through development of user-friendly graphic interfaces for data entry, decision 

analysis and reporting.  This would facilitate accurate and rapid transcription of recovery actions 

into the tool, testing of the core decision components of the model, demonstration of how the 

tool can (and cannot) support recovery planning, and build understanding of the tool’s 

functionality.  Second, additional decision criteria could be developed and incorporated.  These 

could include factors that (1) weight individual species, such as taxonomic uniqueness or 

endemism or factors, (2) weight shared benefits, such as actions that benefit multiple species or 

build strong partnerships, and (3) weight nested benefits, such as when a high cost prerequisite 

action could be followed by a low cost, high probability of success second action.  Modeling 

shared and nested benefits requires more complex modeling to map the linkages between actions, 

but much of the required data exist within the existing data frame.  Third, once data have been 

entered and the simpler version of the model well tested and understood, FWS might consider 

modifying the model to incorporate the dynamic nature of decisions through time. When a 

decision is made and a set of actions completed the decision environment is changed. A dynamic 

model will help select the best decision at present, conditional on how “states” or conditions in 

the future change in response to that decision.  In other words, it helps minimize potential pitfalls 

of making decisions without anticipating how they might affect future decisions. In the present 

model, decisions can only be vevaluated within one time horizon based on the available 

information. 

 

In summary, our project facilitated the design of a structured approach to a previously 

unstructured problem.  Together, we completed a decision-making workshop and created a fully-

functional decision tool to prioritize recovery actions.  Importantly, this prioritization is not a 

panacea and model output must always be carefully weighed as no model captures all biological, 

social, economic, and political variables.  The Defenders of Wildlife report addressed some of 

these concerns when they caution:  

“Despite our general support for prioritization, we also acknowledge its difficulty and 

weighty implications, and know that it must be done carefully. Prioritization should never 

be used as an excuse to limit or decrease funding for conservation. Rather, it should be 

tailored in a way that enhances the impact of funding for conservation by enabling 

wildlife managers to demonstrate greater conservation benefits and a more transparent 

use of public and private conservation contributions. Prioritization should also be made 

compatible with the conservation of keystone, umbrella and other functionally important 

species or guilds of species, because doing so will enable us to better conserve many 

other species and their shared habitats, and buttress public support for conservation.”  

(DoF 2013) 

In this tool, through application of simulation techniques to account for uncertainty in best 

available science and best professional judgement, managers obtain a set of priority Recovery 
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Actions which they know to be robust to knowledge uncertainty and some aspects of 

administrative uncertainty.  At the same time, they receive output that shows the many “runner-

up” decision sets and the objective scores for each Recovery Action (individually and jointly).  

These supporting data ensure that they maintain the flexibility to make informed, transparent 

decisions in response to changing opportunities or emergencies.  Furthermore, they can evaluate 

prioritized decisions within the broader, dynamic context of both federal and partner programs. 
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Column   Definition 
Item  Unique numerical identifier for the recovery action between 0 and 999. 
Species  Species' name entered as "Genus_species". 
Action  Proposed recovery action.  These descriptions should be succinct statements of a single desired action.  See 



definitions document for further explanation and examples.  Do NOT use commas in this field. 
Progress  Numerical category indicating progress towards completion.  Possible values are 0 = "Not Yet Started", 1 = 



"In Progress", 2 = "Completed", 3 = "Discontinued" (action determined ineffective and stopped prior to end 
date), and 4 = "Obsolete" (action no applies, no longer needed). 



Status  Species' designated federal status.  Possible values are T = "Threatened” and E = "Endangered". 
Knowledge  Species' knowledge status.  Possible values are U = "Unknown" and K = "Known". 
Prerequisite  Indicates whether all prerequisites for this action have been met.  Possible values are Y = "Yes" and N = 



"No".  Only actions with status "Yes" are evaluated by the decision model. 
Cost  Total estimated cost (thousands of dollars) to successfully complete the action within the established 



timeframe .  Should include the estimated costs of any relevant expenses, including monitoring if required to 
confirm action effectiveness.  It includes in‐kind moneys expected from partners, which will be subtracted 
later.  Importantly it EXCLUDES FWS administration costs such as salary.  This value CANNOT be zero. 



Time  Total estimated time (years) to complete the action.  Should include the time required to monitor to confirm 
action effectiveness and administration time (time to process data and put together report or 
recommendation) to complete documentation. 



CompX  Probability of successful completion given the requested total cost and time (time to task completion, NOT 
decision cycle) as estimated by Best Professional Judgement.  Probability of completion is reduced by 
expected non‐monetary constraints to action.  Examples of factors that might reduce probability of success 
include social‐political factors (e.g., public opinion regarding species or action, refusal to offer easements), 
technical‐logistical factors (e.g., difficulty obtaining needed expertise or equipment), and ecological‐
environmental factors (e.g., high system variability and hurricane threats). 



CompSD  Calculated value.  CompX probability estimate * Confidence provides a value that will be used as standard 
deviation of normal distribution decision model. 



BaseX  The current estimated 50 year extinction probability IF NONE of the recovery actions are implemented, as 
estimated by Best Professional Judgement.  This is the current, baseline probability that the population 
would be extinct within 50 years if the species is not assisted by any means.  This should be the SAME VALUE 
across all actions for a species.  If Knowledge = "Unknown” (unknown if increasing/stable/decreasing) then 
the BaseX score is 0.5. 











BaseSD  Calculated value.  BaseX probability estimate * Confidence provides a value that will be used as standard 
deviation of normal distribution decision model. 



ActX  50 year probability of extinction given SUCCESSFUL COMPLETION of this action, as estimated by Best 
Professional Judgement. 



ActSD  Calculated value.  ActX probability estimate * Confidence provides a value that will be used as standard 
deviation of normal distribution decision model. 



RiskX  Probability that the species would become extinct within the 5 year decision cycle if THIS action is not 
taken.  This is the risk of inaction for THIS action given Best Professional Judgement.  If Status is “Unknown” 
(unknown if increasing/stable/decreasing) then BaseX score is 0.5 



RiskSD  Calculated value.  RiskX probability estimate * Confidence provides a value that will be used as standard 
deviation of normal distribution decision model. 



ReclassX  Probability that a request for positive Status reclassification (Endangered/Threatened/Recovered) could be 
submitted given completion of this action OR, in the special case of species with Knowledge “Unknown”, the 
probability of reclassification to Known (identify population as increasing/stable/decreasing and provide 
data adequate to refine recovery actions for down/delisting).  This assumes that any prerequisite actions 
have previously been completed. 



ReclassSD  Calculated value.  ReclassX probability estimate * Confidence provides a value that will be used as standard 
deviation of normal distribution decision model. 



Benefits  Number of other listed species that share the same action, such that completion of the action benefits 
multiple listed species.  Examples: Geographic co‐occurrence results in multiple species benefiting from a 
single survey, easement, restoration, or enforcement patrols; Propogation program that researches multiple 
species. 



Leverage  Expected percentage of Cost that would be contributed by partners (in‐kind & monetary).  This should be a 
conservative estimate based on past experience, as it will be used to discount the estimated cost for FWS.  If 
this is an overestimate, the action will be underfunded and the model will over‐predict the probability of 
success. 



Confidence  The probability that the information accurately and precisely reflects the real expected costs, benefits, and 
risks associated with the action.   Reflects the experts' confidence in the quality and quantity of the 
information used to infer the estimates for this action (the confidence in their own “best professional 
judgement”).   



Factors  Percentage of listing factors impinging on the species that are addressed by this action.  These are the 
factors used in the Five Factor Analysis in annual review. 
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Recovery Action Prioritization Instructions 
These instructions outline procedures to run the Recovery Action Prioritization model 
developed by NCSU (C. Ashton Drew, ashton.drew@gmail.com) for the USFWS Caribbean Field 
Office. 
 
Part 1: Set‐up 
 
You need to have a pdf viewer, MS Excel, and R.  R Studio is also very helpful, but not required. 
 
Unzip the RecoveryActionPrioritization.zip file into a folder where you will also save the results 
from the model runs.  You should have: 



RecoveryActions_20150323.xlsx 
RecoveryActions_DataCheckList.pdf 
RecoveryActionPrioritization_Definitions.pdf 
RecoveryActionPrioritization_Instructions.pdf 
RecoveryActionPrioritization_V1.R 
RecoveryActionPrioritization_Report.pdf 



 
Part 2: Enter and Review Recovery Action Data in Excel Table 
 
Open the file RecoveryActions_YYYYMMDD.xlsx (date should reflect most recent edits). 
 
Save the file to reflect the new date as RecoveryActions_YYYYMMDD.xlsx 
 
Each row in the recovery action table represents one potential Recovery Action.  These should 
be based on the recovery objectives for each species, but wording may differ from the Recovery 
Plan documents.  In this table, each action that is entered and attributed must be a distinct, 
independent unit with a clear objective.  For example, neither “research” nor “monitoring” 
alone is an action, but “Research to determine stable/increasing/decreasing population trend” 
or “Monitor to determine success of and need to continue existing anti‐poaching program” 
could be action items.  You can recognize a “good” action item by the fact that it should be 
fairly clear what specific steps would be required to implement the action and fairy easy to 
estimate cost and time requirements.  If it is difficult to attribute the action (i.e., fill in all the 
data for that action), the action is probably too broad or too vague. 
 
The columns provide the data to calculate the objective functions that represent the criteria by 
which “good” decisions meet the mandate of the US Fish and Wildlife Service endangered 
species program.  These are: 



 Minimize the risk of immediate extinction (probability of extinction in 5 years, if action is 
not taken) 



 Maximize the gain in the long‐term (50 year) probability of persistence 



 Maximize the probability of positive reclassification (from Endangered to Threatened to 
Recovered and from Unknown to Known population status) 











The table does not calculate or compare the objectives; this is done later within the R program 
and output to new summary tables. 
 
The decision horizon assumed by this model is a 5 year cycle to prioritize among possible 
actions.  It is critical that the data in the table be reviewed prior to each model run (e.g., at 5 
year intervals).  Some projects will have been completed while others might have been 
determined to be ineffective or obsolete.  Costs may have changed as technology advances or 
partnerships evolve.  The value of the prioritization depends upon the quality of the input data.   
 
Use the definitions provided RecoveryActionPrioritization_Definitions.pdf to complete and 
review the table. 
 
Include all recovery actions for all Threatened and Endangered species EXCEPT those with 
established species‐specific long‐term management programs (e.g., Manatee, Puerto Rican 
Parrot, and Yellow Shouldered Blackbird). 
 
Perform data checks as outlined in RecoveryActions_DataCheckList.pdf. 
 
Resave the data (ensure that you save with current date). 
 
Create a comma delimited copy of the data file as RecoveryActions_YYYYMMDD.csv 
 
Part 3: Run Recovery Action Prioritization Tool in R 
 
The decision analysis for recovery action prioritization is run in the program R.  Ideally, the 
program can be run in interactive development environment (IDE, such as R Studio) as this will 
provide line numbers and color coding of the program text.  This will facilitate finding the 
locations to edit in the following instruction.  The following instructions reference line number 
locations for the code as it appears in R Studio.  If you cannot install R Studio, we recommend 
that you use the Edit‐>Find to search for text (which we also provide below) in the code. 
 
Open RecoveryActionPrioritization_V1.R in R Studio.  Then follow line number instructions 
below (or in R follow the “find text” instructions below, using the Edit‐>Find commands) to 
make changes in four locations: 
 
Go to Line 22 (or Find text “DEFINE BUDGET”) 
Replace the dollar value in the line “fiveyearbudget <‐ 500000” 
This should be the total amount of FWS money expected to be available to allocate towards 
recovery actions over the upcoming 5 year cycle.  This dollar amount sets the limit for how 
many and which actions can be selected within any given set.  It DOES NOT INCLUDE money 
(real or in‐kind) from partners. 
 
Go to Line 31‐33 (or Find text “IMPORT”) 











Replace the drive letter, the folder, and the file name to match the files you unzipped and/or 
edited. 



setwd("E:/P_PriorityES/data/Post‐Workshop/") 
input <‐ read.csv("RecoveryActions_20150323.csv", header=TRUE, sep=",") 



 
Note the direction of the slashes in the directory name and the presence of quotes around the 
directory name (in the setwd line) and around the file name (in the input line).  All of the model 
output will be deposited into this same folder. 
 
Got to Line 70 (or Find text “SIMULATION”) 
Replace the number of simulation value in the line “sims <‐ 1000” 
The default number of simulations is 1000.   
 
Go to Lines 144‐146 (or Find text “OBJECTIVE 3”) 
Replace the transition weights, if desired in the lines: 



wUK <‐ 1.0 
wET <‐ 1.5 
wTR <‐ 3.0 



These weights indicate the relative value of the three possible reclassification transitions: 
unknown to known (wUK), endangered to threatened (wET), and threatened to recovered 
(wTR).  Default values for these transitions are currently set to 1.0, 1.5, and 3.0, respectively.  
Thus, in the default, a transition from threatened to recovered is valued three times as much as 
a transition from unknown to known and twice as much as a transition from endangered to 
threatened.  You should explore how changing these weights affects the final ranking of various 
decisions alone and within decision sets. 
 
Go to Lines 168‐170 (or Find text “OBJECTIVE 4”) 
Replace the transition weights, if desired. 



wRisk <‐ 1.5 
wPersist <‐ 1.0 
wReclass <‐ 2.0 



These weights indicate the relative value of the three objectives within a single decision 
framework: minimize risk (wRisk), maximize persistence gains (wPersist), and maximize 
reclassification (wReclass).  Default values for the risk, persistence, and reclassification weights 
are 1.5, 1.0, and 2.0, respectively.  Thus, reclassification is valued most, followed by the need to 
minimize risk.  A potential gain in persistence is valued least, but overall the values are fairly 
close.  Again, you should explore how changing these weights affects the final ranking of 
various decisions alone and within decision sets. 
 
Resave the R file. 
 
Run the R file. 
In R Studio, select Code ‐> Run Region ‐> Run All 
In R, select Edit ‐> Run All 











 
Go to the folder that contains the R code and data file to view the output tables (csv files can be 
opened in Excel).  The code should generate five output tables: 



 CandidateActions.csv 



 NonCandidateActions.csv 



 ActionCounts.csv 



 WeightedObjectivesSets.csv 



 RiskObjectiveSets.csv 



 PersistObjectiveSets.csv 



 ReclassObjectivesSets.csv 
These tables can be opened in Excel.  Staff should briefly review the Candidate.csv and 
NonCandidateAction.csv tables to ensure that all actions for consideration have been assigned 
to the candidate list.  Descriptions of these tables are provided in the project report 
(RecoveryActionPrioritization_Report.pdf). 
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Introduction 



 



In Puerto Rico, the Caribbean Ecological Services Field Office of the United States Fish and 



Wildlife Service (USFWS) currently bears the responsibility to manage, with the goal of 



recovery, 77 listed species (J. Cruz-Burgos, Endangered Species Program Coordinator, pers. 



comm.).  The staff of the Caribbean Field Office Endangered Species Program performs diverse 



tasks (hereafter, recovery actions) to protect and recover these listed species 



(http://www.fws.gov/caribbean/es/Endangered-Main.html), as well as additional at-risk species.  



With many endangered species, uncertain knowledge, and limited resources, there is a risk of 



inefficient resource allocation (reducing the rate of species recovery) or inadequate resource 



allocation (leading to species extinction).  There is a need to develop a strategy to prioritize 



among possible recovery actions in a manner that maximizes the benefit to listed species over the 



long term while simultaneously protecting species at risk of imminent extinction.  Planning the 



allocation of limited resources and effort is difficult, not only due to knowledge gaps, but also 



due to the inherent challenges of managing complex, dynamic systems under stress.  However, 



formal analysis of management practices and decision alternatives can improve the planning 



process, reducing risks despite uncertainty and maximizing the chance of successful outcomes 



(Conroy et al. 2008; Gregory & Failing 2012; Martin et al. 2009). 



 



In January 2015, we led the Caribbean Field Office staff and partners from the Puerto Rico 



Department of Environment and Natural Resources (DENR) through a Structured Decision 



Making workshop (Gregory & Failing 2012) to identify the principles and information which 



guide their endangered species recovery decisions.  The ultimate goal of this workshop was to 



breakdown the decision process into its components and then construct a Recovery Action 



Prioritization tool from these components.  The vision for this project described a simple, 



transparent tool that would incorporate information regarding costs, expected benefits of action, 



expected risks of inaction, sources of uncertainty, and probability of success, among other 



factors.  The anticipated functionality of the tool included the abilities to simultaneously evaluate 



all possible decisions (within the set contained in the decision database) and to explore 



alternative decision scenarios (e.g., different budgets, decision values, or recovery action data).  



Some of the anticipated benefits of such analyses would be improved transparency of the 



decision process, greater confidence in the decisions selected (and not selected), increased ability 



to explore potential conflicts (due to differences in either information or values), increased 



ability to present impacts of any proposed budget changes, and reduced burden of pending legal 



issues. 



 



The workshop was also attended by supervisors from the Field Office and from DENR (decision 



makers).  In the workshop, we identified and characterized the criteria by which FWS staff make 



decisions when they act to recover endangered species.  We worked to clarify both their 



objectives (i.e., what they hoped to achieve) and their justifications (e.g., cost, response time, 



collaboration, probability of success, etc.) driving them to select one decision above another. 



As part of this process, we worked with the workshop participants to formally define objective 



functions by which they evaluate decisions.  We used the information gathered in the workshop 



to develop a tool to help prioritize decisions as defined by the participants.  We delivered this 



tool to the FWS via webinar in March 2015. 



 





http://www.fws.gov/caribbean/es/Endangered-Main.html
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This report outlines the workshop outcomes and the resulting Recovery Action Prioritization 



tool.  The associated documents deliver the model underlying the prioritization tool (written in 



the program R; R Core Team 2014) along with a sample database, instructions, and definitions.  



The FWS has responsibility to complete the database, explore the decision weighting system, 



and ultimately, prepare an Endangered Species Program plan.  Through the workshop and this 



report, we have introduced FWS and partner staff to formal decision-making procedures that can 



serve as a template for other programmatic units. 



 



Methods and Results 



 



Workshop 



 



The workshop had two primary objectives: (1) familiarize all field office staff with formal 



decision analysis and strategies to define and then optimize management outcomes, and (2) 



gather the necessary information to produce a tool to prioritize recovery actions that the 



Caribbean Field Office Endangered Species Program could apply to better leverage limited 



resources, and to more efficiently and effectively recover listed species.  Eleven staff and 



supervisors from the Caribbean Field Office and five from the DENR participated in the 



workshop.  The first day provided an overview of the project objectives and discussion of the 



Endangered Species program current management framework.  This included discussion of the 



agency’s mandate and procedures, such as budget strategies (e.g., whether recovery money is 



distinct from administration costs), current measures of success (e.g., annual and 5-year review 



procedures), and how recovery actions have been selected (versus delayed) in the past.   



 



A novel aspect of our project, compared to past discussions of endangered species recovery 



decisions, was the incorporation of estimated costs, probability of success, and risks associated 



with inaction.  Several recent projects have demonstrated that including costs and probability of 



success is critical to developing effective conservation plans generally (DoF 2013; Joseph et al. 



2008; McCarthy et al 2008; Scott et al. 2005), and for endangered species specifically.  



Workshop participants reviewed the case study of New Zealand which recently increased their 



rate of species recovery by incorporating costs and probability of success (Joseph et al. 2008).  



We used this project as a launching point to discuss FWS definitions of success.  Previous 



projects have not always considered the risk of delayed action (e.g., if three of ten decisions are 



prioritized for action based on cost and probability of success, then seven actions are delayed).  



Therefore, we also devoted workshop time to discuss whether FWS considered risk of delayed 



action when making decisions.  Specifically, we asked if there were any situations (e.g., high 



cost, low probability of success) under which the FWS could knowingly delay action if best 



available science and best professional judgement predicted a high risk of species extinction due 



to delay. 



 



We constructed the prototype models in real-time collaboratively with the workshop participants.  



The ability to gather information (model parameters, variable definitions, decision objectives, 



etc.) and immediately demonstrate how these parameters combined to affect decision priority 



was critical to the success of the workshop.  This procedure (developing the prototype model 



within the workshop) maintained a high level of engagement and momentum as products could 



be reviewed and modified immediately.  A significant portion of the first day required clarifying 
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fundamental versus means objectives.  Initially, FWS staff more easily identified means 



objectives (e.g., protect land, reduce poaching, control predation, acquire knowledge) than 



fundamental objectives (e.g., recover species, prevent extinction, etc.).  Significant discussion 



also focused on deciding whether the annual decisions addressed only the Endangered Species 



Act mandate to recovery species or if other factors also influenced their day-to-day decisions.  



Through our iterative approach, FWS staff could immediately see the implications of their 



various ideas and we could test if ranking actions by expected contribution to recovery, for 



example, matched with the actions they would recommend.  Discrepancies indicated the 



possibility of additional decision criteria or exceptions for “special cases” that required further 



investigation. 



 



To illustrate, some of the special cases that participants identified and discussed included: 



(1) Species with unknown population status.  These are species that require research to 



determine appropriate recover actions.  Thus the action of research arguably does not 



immediately or directly contribute to recovery.  In fact, research could result in 



determining a species is at even more risk than previously suspected.  Yet effort to 



acquire knowledge is sometimes prioritized.  Significant discussion focused on if/when 



FWS would ever value an action leading to transition from unknown to known status 



over a transition from endangered to threatened to recovered status. 



(2) Species that have a very low probability of recovery.  Some species might never recover, 



but certain actions could greatly improve the probability of long-term persistence.  Effort 



to improve a species’ long-term probability of persistence is sometimes prioritized. 



(3) Actions that have a low probability of successful completion.  Some actions have a really 



high probability of resulting in recovery if implemented but a low probability of being 



successfully implemented at present.  Effort on such an action might be delayed (de-



prioritized) until the opportunity for successful action improves. 



(4) Species at imminent risk of extinction if immediate action not taken.  Delayed action, in 



some cases, could have a high likelihood of resulting in species extinction.  In such cases, 



action is likely to be prioritized; FWS would not knowingly act to allow a species to go 



extinct, even if the expected outcome of the action was population maintenance rather 



than recovery. 



As these examples illustrate, selecting among hundreds of possible actions to manage for species 



recovery is a complex process.  However, as these same examples illustrate, FWS staff could 



generally identify how they would interpret their mandate and act in various scenarios.  



Together, evaluating these and other scenarios, we identified a set of fundamental objectives and 



their relative value weights to incorporate into the decision prioritization tool. 



 



Recovery Action Prioritization Tool 



The Recovery Action Prioritization Tool has three fundamental objectives.  Given an expected 5-



year budget estimate (input by the manager), the tool identifies sets of actions that will: 



 



 Maximize the probability of positive reclassification 



 Maximize the increase in probability of long-term persistence 



 Minimize the immediate risk of extinction 
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The tool incorporates uncertainty due to imperfect information.  In addition to estimating 



probabilities, the experts also characterize the quality of the information supporting their 



estimates.  Specifically, they scored their confidence in the information on a 0 – 100% scale. 



 



Software Requirements 



The tool only requires Excel (input and output data) and R (model code), but having R Studio 



will help greatly.  R Studio is a programming shell (IDE, integrated development environment) 



that will color code the R text and provide line numbers for easy reference.  Both R and R Studio 



are free. 



 



R (http://www.r-project.org/) 



R Studio (http://www.rstudio.com/) 



 



The model was developed in R  version 3.1.2 (2014-10-31) -- "Pumpkin Helmet", Copyright (C) 



2014 The R Foundation for Statistical Computing, Platform: x86_64-w64-mingw32/x64 (64-bit) 



using R Studio version 0.98.1102 – © 2009-2014 RStudio, Inc. 



 



Model Code Description 



First we divide the data into two tables: Candidate Actions and Non-Candidate Actions.  



Managers should review the Non-Candidate Action table to understand what actions have been 



excluded, especially for species suspected to be at high risk of immediate extinction.  Candidate 



Actions are those actions requiring decisions for this decision cycle.  These are all actions Not 



Yet Started (Progress = 0) and with all Prerequisites completed (Prerequisites = N).  This model 



only considers and weights decisions available in the present; it does not account for future 



expectations.  For example, if Step 1 has a very low value and Step 2 has a very high value (but 



is prerequisite on completing Step 1), the model does not look ahead to predict that you should 



do Step 1 because Step 2 has such a high value.  Although the decision database includes some 



data to incorporate more complex dynamics (e.g., prerequisite structure, benefits of single 



actions shared across multiple species), it was beyond the scope of this pilot project to 



incorporate these more complex dynamics.  (See the discussion for strategies to include future 



expectations and dynamics of decision interactions in future versions of the model.) 



 



Next we incorporate the uncertainty into the expected benefits of action and risks of inaction.  



We incorporate uncertainty for the five probability variables: successful completion, 50 year 



baseline extinction, 50 year with action extinction, delay action 5 year extinction, reclassification 



probabilities.  (Note: These time horizons are built into the database variable definitions, but in 



other applications the time horizons could easily be adjusted).  We did this by treating the 



experts’ probability estimates as mean values from a normal distribution and using their 



confidence score to calculate a standard deviation value for each mean.  Thus, if an expert 



predicted a probability of 0.75 with a confidence of 0.80, we assigned a standard deviation of 



0.75*(1-0.80) = 0.15.  For each expected probability, we drew a value from the probability 



distributions defined by these means and standard deviations. The change in probability of 



persistence was calculated as the 50 year baseline extinction probability minus the 50 year with 



action extinction probability.  In any case where the selection of distribution values resulted in 



probabilities greater than 1 or less than 0, these were adjusted to 1 or 0, respectively.  Although 



the estimates of costs, time, benefits shared with other species, and leverage (expected 





http://www.r-project.org/


http://www.rstudio.com/
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percentage contribution from partners) are also best professional judgments subject to 



uncertainty, these variables are treated as known values in our model. 



 



The value of an action includes both the expected contribution towards an objective and the 



probability of successfully completing the action within the stated budget and time frame.   We 



calculated the single objective values for three objectives: minimize 5 year extinction risk due to 



delaying action, maximize increase in probability of persistence, and maximize probability of 



reclassification.  The manager must select numeric values to indicate agency decision values at 



two points.  First, weights must be assigned to the three possible reclassification transitions: 



unknown to known, endangered to threatened, and threatened to recovered.  Based on 



correspondence with the staff of the Caribbean Field Office Endangered Species Program, 



default values for these transitions are currently set to 1.0, 1.5, and 3.0, respectively (Lines 144-



146 in Rcode).  For each action, the calculated reclassification objective values are multiplied by 



the relevant weight value.  The second point where managers must assign weights is when we 



combine objectives within a single decision framework.  Based on discussion with PR-FWS, 



default values for the risk, persistence, and reclassification objectives are 1.5, 1.0, and 2.0, 



respectively (Lines 168-170 in Rcode).  To calculate the value of an action given all three 



objectives jointly, we calculated the weighted average for that action. 



 



Once all actions have been valued for the individual and joint objective, we sort the actions (high 



to low) based on the value column.  Managers indicate the available annual budget (Line 22 in 



Rcode) and actions are selected, starting from the top of the list (highest value towards meeting 



objective), until the budget has been allocated.  (Note: In this calculation, we only reference the 



percentage of costs covered by the FWS.)  Importantly, in this version of the tool, actions are 



considered individually.  Although we gathered data on shared costs and benefits (e.g., one 



action, such as habitat protection, could protect multiple species) it was beyond the scope of this 



initial project to map and model the temporal, spatial, and taxonomic interdependencies among 



species.  Implications and recommendations relative to this aspect of the model design are 



presented in the discussion. 



 



The entire model process of drawing probability values, calculating objective values, and 



identifying the actions that best meet objectives within the given budget is repeated multiple 



times (default is 1000 simulations; Line 70 in Rcode).  Given uncertainty on the probability 



estimates, the decision set can differ slightly among model runs.  We report the results in two 



ways.  First, we tabulate how many times, given a specified budget, each action was selected 



within any decision set given each objective function (Table 1).  Second, we identify which sets 



of actions were most frequently selected as a group of actions within the budget constraints 



(Table 2).  



 











 



 
 



Table 1. An illustrative example of the "individual action" output showing how many times (number of simulations out of 1000) each decision was included as 
part of the top priority decision set.  The format has been modified for readability.  These results are not representative of any FWS decision values and are 
merely a sample run with a subset of the data and default budget and priority value weights to illustrate output data and data interpretation.  Results are 
tallied for each priority objective individually (minimize immediate extinction risk [Risk], maximize increase in persistence [Persist], and maximize probability of 
positive reclassification [Reclass]), and for the combined result from considering the three weighted objectives together [Weighted].  Referenced species are: 
Mona Island boa (Epicrates monensis granti), unnamed fern (Thelypteris yaucoensis), unnamed shrub (Catesbaea melanocarpa), unnamed fern (Adiantum 
vivesii), Monito gecko (Sphaerodactylus micropithecus), uvillo (Eugenia haematocarpa), guajón (Eleutherodactylus cooki), Mona iguana (Cyclura steinegeri). 



Action Risk Persist Reclass Weighted 



Protect and manage known E. monensis granti populations 685 860 861 907 



Prevent T. yaucoensis habitat loss and population decline 18 936 82 857 



Evaluate techniques and develop a plant propagation program for C. melanocarpa 887 946 396 824 



Conduct research on A. vivesii genetics to determine if it is hybrid 706 0 352 818 



Monitor for potential S. micropithecus predation 3 704 819 765 



Conduct scientific research on C. melanocarpa on specific habitat requirements and population genetics 844 748 484 747 



Protect existing C. melanocarpa populations from threats and limiting factors through landowner agreements and other 
conservation mechanisms 



982 855 7 697 



Determine status and trends of present S. micropithecus population 301 56 757 597 



Determine the distribution and population status of C. melanocarpa throughout its present and historic range including 
Barbuda Antigua and Guadalupe 



0 886 502 583 



Define T. yaucoensis habitat requirements and reproductive biology. 0 973 0 464 



Update T. yaucoensis distribution and abundance information 900 204 0 265 



Gather info on E. haematocarpa distribution  and abundance 0 0 748 265 



Determine the distribution and population status of the E. cooki within traditional non-traditional and unoccupied habitat 0 697 952 195 



Document the effect of natural and manmade disturbances on the E. cooki population 944 16 868 154 



Implement conservation strategies for protection of essential habitat for the E. cooki 71 25 552 55 



Determine status of present E. monensis granti populations 0 21 239 24 



Determine and characterize habitat requirements E. monensis granti movements and behavior 0 25 238 18 



Develop an inter-agency agreement to promote E. haematocarpa recovery 0 13 145 15 



Facilitate the recovery of C. melanocarpa through public awareness and education 83 625 0 1 



Prevent A. vivesii habitat loss and decline 549 0 0 0 



Gather info to define A. vivesii distribution and abundance 2 0 0 0 



Facilitate the recovery of the E. cooki through public awareness and education 334 26 0 0 



Determine the current status of the C. steinegeri population 0 34 315 0 
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Table 2. An illustrative example of the "decision set" output showing all decision sets identified as the priority set in 
greater than 1% of the simulations (>10 of 1000) based on the weighted average of the three agency priority 
objectives.  The format has been modified for readability.  These results are not representative of any FWS decision 
values and are merely a sample run with a subset of the data and default budget and priority value weights to 
illustrate output data and data interpretation.  Notice that actions 3, 9, 11, and 12 occur in all the top decision sets, 
therefore these are decisions we refer to as being robust to knowledge uncertainty.  Actions 10, 19, 25, 27, and 28 
appear substitutable given uncertainty, and these are decisions which impart a degree of flexibility given 
uncertainty.  Similar tables are also generated for each individual objective.  Referenced species are: unnamed fern 
(Adiantum vivesii), unnamed shrub (Catesbaea melanocarpa), unnamed fern (Thelypteris yaucoensis), Mona Island 
boa (Epicrates monensis granti), Monito gecko (Sphaerodactylus micropithecus), uvillo (Eugenia haematocarpa). 



Decision Set % Sims 



(3) Conduct research on A. vivesii genetics to determine if it is hybrid, (9) Protect existing C. 
melanocarpa populations from threats and limiting factors through landowner agreements and 
other conservation mechanisms, (10) Determine the distribution and population status of C. 
melanocarpa throughout its present and historic range including Barbuda Antigua and Guadalupe, 
(11) Evaluate techniques and develop a plant propagation program for C. melanocarpa, (12) Conduct 
scientific research on C. melanocarpa on specific habitat requirements and population genetics, (19) 
Prevent T. yaucoensis habitat loss and population decline, (25) Protect and manage known E. 
monensis granti populations, (27) Determine status and trends of present S. micropithecus 
population 



5.2 



(3), (9), (10), (11), (12), (19), (25), (28) Monitor for potential S. micropithecus predation 



 - NOT (27) 
5.1 



(3), (9), (10), (11), (12), (19), (25), (28) Monitor for potential S. micropithecus predation, (30) Gather 
info on E. haematocarpa distribution  and abundance 



 - NOT (27) 



3.7 



(3), (9), (10), (11), (12), (27), (28) Monitor for potential S. micropithecus predation 



 - NOT (19), (25) 
3.5 



(3), (9), (11), (12), (19), (25), (28) Monitor for potential S. micropithecus predation 



 - NOT (10), (27) 
2.9 



(3), (9), (11), (12), (19), (25), (27), (28) Monitor for potential S. micropithecus predation 



- NOT (10) 
2.1 
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Products, Outcomes, and Next Steps 



These are the products delivered with this report (RecoveryActionPrioritization_Report.pdf): 



 Spreadsheet of decision data (RecoveryActions_DDMMYYYY.xlsx) 



 Data quality checklist (RecoveryActions_DataCheckList.pdf) 



 Definition sheet to accompany spreadsheet (Prioritization_Definitions.pdf) 



 Model code, Version 1.0 (RecoveryActionPrioritization_V1.R) 



 Model instructions (RecoveryActionPrioritization_Instructions.pdf) 
 



This first version of the Recovery Action Prioritization Tool is fully functional and offers several 



immediate benefits over current decision processes.  Specifically, our model provides: 



(1) Recommendations for decisions that are robust, yet flexible in the face of various sources 



of uncertainty. 



(2) Documentation (transparency) of agency assumptions, data, and values underlying 



decisions. 



(3) A central location for Recovery Action information for easier data management, 



knowledge transfer, and outcome monitoring (Campbell et al. 2002). 



(4) The means to quickly and with greater detail summarize anticipated effects of budget loss 



or gain in terms of anticipated ability to perform Recovery Actions. 



(5) The means to quickly and with greater detail summarize anticipated effects changing 



recovery landscape (e.g., partners, probabilities success, costs of actions). 



(6) The means to explore whether differences of opinion (e.g., regarding budget, weights, or 



estimated values within the model) are significant enough to alter prioritization, and thus 



warrant further research or discussion. 



 



While the tool is fully functional, there are still several tasks to be undertaken by the FWS staff, 



as outlined in the project proposal.  Specifically, they will complete data entry to populate the 



recovery action spreadsheet, run through a set of simulations to ensure that they understand the 



tool, and finally use the tool to support the development of a recovery planning document for the 



PR recovery program.  Optionally, they may wish to develop a strategy to maintain the database 



and to assess the performance and value of the tool.  We will remain available to provide 



technical support and guidance. 



 



Discussion 



 



With this work, the Puerto Rico FWS demonstrate a transition from a reactive to a proactive 



approach to selecting and implementing Recovery Actions for endangered species recovery.  In 



the absence of a prioritization strategy, the staff expressed frustration that good recovery work 



was not translating to higher numbers of petitions to positively reclassify species.  They cited 



several examples of near-complete recovery projects, where final action was delayed as other 



emergencies or opportunities demanded resources.  Furthermore, with 77 listed species and 



hundreds of recommended Recovery Actions, they lacked a structured way to annually select the 



few projects that would best achieve their mandate.  This challenge is not unique to the Puerto 



Rico office (DoF 2013; Joseph et al. 2008; McCarthy et al 2008; Scott et al. 2005) and Defenders 



of Wildlife recently recommended prioritization as the first of five strategies to improve 



endangered species programs: “The problem is that prioritization is not often explicit, transparent 



or organized, thus preventing limited resources from being used to maximize the amount of 
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species diversity conserved (one of the underlying goals of the [Endangered Species Act])” (DoF 



2013).  Recent case studies in New Zealand and Australia demonstrate that prioritization 



generally, and the integration of cost and probability of success specifically, can dramatically 



improve the efficiency and effectiveness of endangered species recovery programs (Joseph et al. 



2008, McCarthy et al. 2008). 



 



There are three primary means by which this initial version of the tool could be improved.  We 



present these in increasing order of complexity.  First, the utility of the tool could be greatly 



improved through development of user-friendly graphic interfaces for data entry, decision 



analysis and reporting.  This would facilitate accurate and rapid transcription of recovery actions 



into the tool, testing of the core decision components of the model, demonstration of how the 



tool can (and cannot) support recovery planning, and build understanding of the tool’s 



functionality.  Second, additional decision criteria could be developed and incorporated.  These 



could include factors that (1) weight individual species, such as taxonomic uniqueness or 



endemism or factors, (2) weight shared benefits, such as actions that benefit multiple species or 



build strong partnerships, and (3) weight nested benefits, such as when a high cost prerequisite 



action could be followed by a low cost, high probability of success second action.  Modeling 



shared and nested benefits requires more complex modeling to map the linkages between actions, 



but much of the required data exist within the existing data frame.  Third, once data have been 



entered and the simpler version of the model well tested and understood, FWS might consider 



modifying the model to incorporate the dynamic nature of decisions through time. When a 



decision is made and a set of actions completed the decision environment is changed. A dynamic 



model will help select the best decision at present, conditional on how “states” or conditions in 



the future change in response to that decision.  In other words, it helps minimize potential pitfalls 



of making decisions without anticipating how they might affect future decisions. In the present 



model, decisions can only be vevaluated within one time horizon based on the available 



information. 



 



In summary, our project facilitated the design of a structured approach to a previously 



unstructured problem.  Together, we completed a decision-making workshop and created a fully-



functional decision tool to prioritize recovery actions.  Importantly, this prioritization is not a 



panacea and model output must always be carefully weighed as no model captures all biological, 



social, economic, and political variables.  The Defenders of Wildlife report addressed some of 



these concerns when they caution:  



“Despite our general support for prioritization, we also acknowledge its difficulty and 



weighty implications, and know that it must be done carefully. Prioritization should never 



be used as an excuse to limit or decrease funding for conservation. Rather, it should be 



tailored in a way that enhances the impact of funding for conservation by enabling 



wildlife managers to demonstrate greater conservation benefits and a more transparent 



use of public and private conservation contributions. Prioritization should also be made 



compatible with the conservation of keystone, umbrella and other functionally important 



species or guilds of species, because doing so will enable us to better conserve many 



other species and their shared habitats, and buttress public support for conservation.”  



(DoF 2013) 



In this tool, through application of simulation techniques to account for uncertainty in best 



available science and best professional judgement, managers obtain a set of priority Recovery 
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Actions which they know to be robust to knowledge uncertainty and some aspects of 



administrative uncertainty.  At the same time, they receive output that shows the many “runner-



up” decision sets and the objective scores for each Recovery Action (individually and jointly).  



These supporting data ensure that they maintain the flexibility to make informed, transparent 



decisions in response to changing opportunities or emergencies.  Furthermore, they can evaluate 



prioritized decisions within the broader, dynamic context of both federal and partner programs. 



 



Acknowledgements 



 



We wish to thank the staff of the USFWS Caribbean Field Office and special guests from the PR 



Department of Natural and Environmental Resources for their enthusiastic engagement 



throughout the project, but especially during the workshop and conference calls.  We especially 



thank Jose Cruz-Burgos and Ivan Llerandi-Roman for taking time to learn to run the R version of 



the models on behalf of their office.  Rafael Gonzalez and Marelisa Rivera provided vital support 



to bring the project from concept through to completion.  Tim Male and Louise Alexander-



Vaughn provided valuable insights at various points in support of project development.  This 



research endeavor was funded by the U.S. Fish and Wildlife Service through a grant to the North 



Carolina Cooperative Fish and Wildlife Research Unit as a Cooperative Ecosystem Studies Unit 



(CESU-558993-02471).  The North Carolina Cooperative Fish and Wildlife Research Unit is 



jointly supported by North Carolina State University, North Carolina Wildlife Resources 



Commission, U.S. Geological Survey, U.S. Fish and Wildlife Service, and Wildlife Management 



Institute.  Any use of trade, product, or firm names is for descriptive purposes only and does not 



imply endorsement by the U.S. Government.  The findings and conclusions in this report are 



those of the authors and do not necessarily represent the views of the U.S. Fish and Wildlife 



Service. 



 



Literature Cited 



 



Campbell SP, Clark JA, Crampton LH, Guerry AD, Hatch LT, Hosseini PR, Lawler JJ, 



O’Connor RJ (2002) An assessment of monitoring efforts in endangered species recovery plans.  



Ecological Applications 12:674-681 



 



Conroy MJ, Barker RJ, Dillingham PW, Fletcher D, Gormley AM, Westbrooke IM (2008) 



Application of decision theory to conservation management: recovery of Hector’s dolphin. 



Wildlife Research 35:93-102 



 



Defenders of Wildlife (DoF) (2013) Improving the effectiveness and efficiency of the 



Endangered Species Act.  Defenders of Wildlife ESA Policy White Paper Series. 10 pp. 



 



Gregory R, Failing L (Eds.) (2012) Structured Decision Making: A Practical Guide to 



Environmental Management Choices. Wiley-Blackwell, New York. 312 pp. 



 



Joseph LN, Maloney RF, Possingham HP (2008) Optimal allocation of resources among 



threatened species: a project prioritization protocol.  Conservation Biology 23:328-338 



 











 



12 
 



McCarthy MA, Thomspon CJ, Garnett ST (2008) Optimal investment in conservation of species.  



Journal of Applied Ecology 45:1428-1435 



 



Martin J, Runge MC, Nichols JD, Lubow BC, Kendall WL (2009) Structured decision making as 



a conceptual framework to identify thresholds for conservation and management. Ecological 



Applications 19:1079-1090 



 



R Core Team (2014) R: A language and environment for statistical computing. R Foundation for 



  Statistical Computing, Vienna, Austria. URL http://www.R-project.org/ 



 



Scott JM, Goble DD, Weins JA, Wilcove DS, Bean M, Male T (2005) Recovery of imperiled 



species under the Endangered Species Act: the need for a new approach.  Frontiers in Ecology 



and the Environment 3:383-389 



 





http://www.r-project.org/









ip065615-Collazo/RecoveryActionPrioritization_V1.R

# Decision Optimization for Endangered Species Recovery

# C. Ashton Drew

# (For new contact details see website: www.cashtondrew.com, ashton.drew@gmail.com)

# Affiliation for this grant-funded work:

# Biodiversity & Spatial Information Center

# NC Fish and Wildlife Cooperative Fish & Wildlife Research Unit

# Department of Applied Ecology

# North Carolina State University

# February 2015



# Although this program has been used by the U.S. Geological Survey (USGS), no warranty, expressed

# or implied, is made by the USGS or the U.S. Government as to the accuracy and functioning of the 

# program and related program material nor shall the fact of distribution constitute any such 

# warranty, and no responsibility is assumed by the USGS in connection therewith.



# This analysis takes Endangered Species Recovery Action data from an csv saved excel spreadsheet

# and identifies optimal decision sets given a budget limit, multivariate agency priorities, and

# knowledge uncertainty.



# Input data must meet content and formatting requirements outlined in 

# ES_Decisions_DataInputGuide.docx.  This code can be run with the example table 

# ES_Decisions_ExampleData.csv





# DEFINE BUDGET



# Manager inputs the amount of money available to allocate towards management actions

# for the upcoming FIVE YEAR PERIOD.  Managers best professional judgement.

# This is the amount left AFTER money is withdrawn for

#     1) big special project species (Manatee, Parrot, and Blackbird)



fiveyearbudget <- 500000

budget <- fiveyearbudget/5



#######################################################################



# IMPORT ELICITATION DATA



# Import decision input table as csv file.  Note: The Action column (recovery actions) MUST NOT HAVE COMMAS, 

# else the import will not work correctly.



setwd("E:/P_PriorityES/data/Post-Workshop/")



input <- read.csv("RecoveryActions_20150323.csv", header=TRUE, sep=",")



as.factor(input$Progress) # Change Progress field to factors as defined in data table

# 0 = not yet started, 1 = in progress, 2 = completed, 3 = discontinued, 4 = obsolete



summary(input) # Check input data

headers <- colnames(input) # Create vector of header names for future use



# SUBSET DATA INTO CANDIDATE and NON-CANDIDATE ACTIONS



# Rows where:

#   (1) Progress < 2 (In Progress or Not Yet Started), and 

#   (2) Prerequisites = N, and

#   (3) FWS share of annual costs are less then the annual budget.



# Calculate annual FWS portion of costs as: ((Cost-(Cost*Leverage))*1000)/Time where Cost are thousands of dollars 

# to complete the entire action including monitoring and reporting and Leverage is the percentage of costs 

# expected to be covered by partners.



input$FWSCostYr <- ((input$Cost-(input$Cost*input$Leverage))*1000)/input$Time



candidates <- input[ which(input$Prerequisite=='N'& input$Progress<2 & input$FWSCostYr<budget), ]

noncandidates <- input[ which(input$Prerequisite=='Y'| input$Progress>1 | input$FWSCostYr>budget), ]



write.table(noncandidates, "NonCandidateActions.csv", sep=",", row.names=FALSE)

write.table(candidates, "CandidateActions.csv", sep=",", row.names=FALSE)



########################################################################################



# CALCULATE PROBABILISTIC VALUES FOR UNCERTAIN ACTIONS GIVEN OBJECTIVES



# Uncertain variables in this model are:

#   (1) Successful Completion (CompX)

#   (2) Baseline Extinction (BaseX)

#   (3) With Action Extinction (ActX)

#   (4) No Action Risk (RiskX)

#   (5) Reclassification (ReclassX)

# In this model the Budget, Cost, Time, Benefits, and Leverage variables are treated as certain.



# SELECT HOW MANY SIMULATIONS (DECISION SETS) TO INCLUDE



sims = 1000



# Create table to receive simulation results



riskresults <- data.frame(matrix(NA, nrow=nrow(candidates), ncol=0))

riskresults[,1:3] <- candidates[,1:3] # Get Item, Species, and Action fields

persistresults <- data.frame(matrix(NA, nrow=nrow(candidates), ncol=0))

persistresults[,1:3] <- candidates[,1:3]

reclassresults <- data.frame(matrix(NA, nrow=nrow(candidates), ncol=0))

reclassresults[,1:3] <- candidates[,1:3]

balanceresults <- data.frame(matrix(NA, nrow=nrow(candidates), ncol=0))

balanceresults[,1:3] <- candidates[,1:3]



for (s in 1:sims){



  # DRAW EXPECTED PROBABILITY VALUES FROM PROBABILITY DISTRIBUTIONS

  

  # First calcuate a single draw for each probability given X and SD values.

  # If any result is greater than 1 or less than 0, set to 1 or 0, respectively.

  for(i in 1:nrow(candidates)){

    candidates$CompDrw[i] <- rnorm(1, candidates$CompX[i], candidates$CompSD[i])

    candidates$BaseDrw[i] <- rnorm(1, candidates$BaseX[i], candidates$BaseSD[i])

    candidates$ActDrw[i] <- rnorm(1, candidates$ActX[i], candidates$ActSD[i])

    candidates$RiskDrw[i] <- rnorm(1, candidates$RiskX[i], candidates$RiskSD[i])

    candidates$ReclassDrw[i] <- rnorm(1, candidates$ReclassX[i], candidates$ReclassSD[i])

    

  }

  candidates$CompDrw <- replace(candidates$CompDrw, candidates$CompDrw>1, 1)

  candidates$CompDrw <- replace(candidates$CompDrw, candidates$CompDrw<0, 0.0001)

  candidates$BaseDrw <- replace(candidates$BaseDrw, candidates$BaseDrw>1, 1)

  candidates$BaseDrw <- replace(candidates$BaseDrw, candidates$BaseDrw<0, 0.0001)

  candidates$ActDrw <- replace(candidates$ActDrw, candidates$ActDrw>1, 1)

  candidates$ActDrw <- replace(candidates$ActDrw, candidates$ActDrw<0, 0.0001)

  candidates$RiskDrw <- replace(candidates$RiskDrw, candidates$RiskDrw>1, 1)

  candidates$RiskDrw <- replace(candidates$RiskDrw, candidates$RiskDrw<0, 0.0001)

  candidates$ReclassDrw <- replace(candidates$ReclassDrw, candidates$ReclassDrw>1, 1)

  candidates$ReclassDrw <- replace(candidates$ReclassDrw, candidates$ReclassDrw<0, 0.0001)

  

  # CALCULATE VALUES FOR INDIVIDUAL OBJECTIVES AND SELECT HIGHEST VALUED ACTIONS WITHIN SCOPE OF BUDGET

  

  # OBJECTIVE 1: Minimize 5-Year Extinction Risk

  # Minimize (Risk*Completion)

  candidates$RiskVal <- candidates$RiskDrw*candidates$CompDrw

  # Create new dataframe to receive data sorted by risk (high to low)

  # Then calculate cumulative cost of actions for this sorting

  risk_only <- candidates[order(-candidates$RiskVal),]

  risk_only$CumSum <- cumsum(risk_only$FWSCostYr)

  risk_only$RiskSel <- risk_only$CumSum < budget

  

  # OBJECTIVE 2: Maximize Increase in Probability of Persistence

  # Maximize (BaselineEX-ActionEX)*Completion

  candidates$PersistVal <- (candidates$BaseDrw-candidates$ActDrw)*candidates$CompDrw

  

  # Because numbers are drawn from distribution, negative persistence numbers could be 

  # calculated.  Any such negative numbers should be reset to 0 change in persistence.

  # recovery Actions cannot have a negative expected effect on persistence in this model.

  for(n in 1:nrow(candidates)){

    if (candidates$PersistVal[n]<0) {

      candidates$PersistVal[n] <- 0 

    }

  }

  

  # Create new dataframe to receive data sorted by persistence (high to low)

  # Then calculate cumulative cost of actions for this sorting

  persist_only <- candidates[order(-candidates$PersistVal),]

  persist_only$CumSum <- cumsum(persist_only$FWSCostYr)

  persist_only$PersistSel <- persist_only$CumSum < budget

  

  

  # OBJECTIVE 3: Maximize Probability AND Value of State Transition

  # From Unknown to Known, Endangered to Threatened, and from Threated to Recovered

  # Assign weights to each possible transition.  Here per email from Cruz-Burgos (Jan 29 2015) 

  # FWS value transitions to Recovered greatest, followed by Endangered to Threatened, followed by

  # Unknown to Known status.

  wUK = 1

  wET = 1.5

  wTR = 3

  # Maximize (Weighted (Reclass*Completion))

  candidates$ReclassVal <- candidates$ReclassDrw*candidates$CompDrw

  

  for(j in 1:nrow(candidates)){

    if (candidates$Knowledge[j]=="U") {

      candidates$ReclassWVal[j] <- wUK*candidates$ReclassVal[j]  

    } else if (candidates$Knowledge[j]=="K" && candidates$Status[j]=="E") {

      candidates$ReclassWVal[j] <- wET*candidates$ReclassVal[j]  

    } else {

      candidates$ReclassWVal[j] <- wTR*candidates$ReclassVal[j]

    }

  }

  

  # Create new dataframe to receive data sorted by reclassification (high to low)

  # Then calculate cumulative cost of actions for this sorting

  reclass_only <- candidates[order(-candidates$ReclassWVal),]

  reclass_only$CumSum <- cumsum(reclass_only$FWSCostYr)

  reclass_only$ReclassSel <- reclass_only$CumSum < budget



  # OBJECTIVE 4: Balance Objectives 1-3

  # The balanced objective is the sum of all weighted values 

  wRisk <- 1.5

  wPersist <- 1.0

  wReclass <- 2.0

  candidates$BalanceVal <- ((wRisk*candidates$RiskVal) + (wPersist*candidates$PersistVal) + (wReclass*candidates$ReclassVal))/

    (wRisk + wPersist + wReclass)

  

  # Create new dataframe to receive data sorted by reclassification (high to low)

  # Then calculate cumulative cost of actions for this sorting

  balance <- candidates[order(-candidates$BalanceVal),]

  balance$CumSum <- cumsum(balance$FWSCostYr)

  balance$BalanceSel <- balance$CumSum < budget

  

  # ORGANIZE TABULAR OBJECTIVE RESULTS

  # Create a clean table of results for reporting and 

  rkeeps <- c("Item", "Species", "Action", "Status", "Knowledge", "Cost", "Time", "Benefits", 

              "Leverage", "Factors", "RiskVal","RiskSel")

  risk_report <- risk_only[,rkeeps,drop=FALSE]

  pkeeps <- c("Item", "PersistVal","PersistSel")

  persist_report <- persist_only[,pkeeps,drop=FALSE]

  ckeeps <- c("Item", "ReclassVal","ReclassSel")

  reclass_report <- reclass_only[,ckeeps,drop=FALSE]

  bkeeps <- c("Item", "BalanceVal","BalanceSel")

  balance_report <- balance[,bkeeps,drop=FALSE]

    

  all_values <-merge(risk_report, persist_report, by.x="Item", by.y="Item")

  all_values <-merge(all_values, reclass_report, by.x="Item", by.y="Item")

  all_values <-merge(all_values, balance_report, by.x="Item", by.y="Item") 



  riskresults[,s+3] <- all_values$RiskSel

  persistresults[,s+3] <- all_values$PersistSel

  reclassresults[,s+3] <- all_values$ReclassSel

  balanceresults[,s+3] <- all_values$BalanceSel

  

} #End of the simulations for-loop



###############################################################



# RESULTS SUMMARY 1: Count how many time individual actions were selected within decision sets



# Convert TRUE/FALSE to 1/0

riskresults[,4:ncol(riskresults)] <- riskresults[,4:ncol(riskresults)]*1

persistresults[,4:ncol(persistresults)] <- persistresults[,4:ncol(persistresults)]*1

reclassresults[,4:ncol(reclassresults)] <- reclassresults[,4:ncol(reclassresults)]*1

balanceresults[,4:ncol(balanceresults)] <- balanceresults[,4:ncol(balanceresults)]*1



# Add column for how many times each action selected

for (x in 1:nrow(candidates)){

 riskresults$RiskCnt[x] <- sum(riskresults[x,4:sims+3])

 persistresults$PersistCnt[x] <- sum(persistresults[x,4:sims+3])

 reclassresults$ReclassCnt[x] <- sum(reclassresults[x,4:sims+3])

 balanceresults$BalanceCnt[x] <- sum(balanceresults[x,4:sims+3])

}



finalcounts = riskresults[,1:3]

finalcounts$RiskCnt = riskresults$RiskCnt

finalcounts$PersistCnt = persistresults$PersistCnt

finalcounts$ReclassCnt = reclassresults$ReclassCnt

finalcounts$BalanceCnt = balanceresults$BalanceCnt



write.table(finalcounts, "ActionCounts.csv", sep=",", row.names=FALSE)



# RESULTS SUMMARY 2: Count how many time a set of actions was selected as a unit.



risk_set <- riskresults

persist_set <- persistresults

reclass_set <- reclassresults

balance_set <- balanceresults



for (y in 1:nrow(candidates)){

  risk_set[y,4:(sims+4)] <- risk_set[y,4:(sims+4)]*risk_set[y,1]

  persist_set[y,4:(sims+4)] <- persist_set[y,4:(sims+4)]*persist_set[y,1]

  reclass_set[y,4:(sims+4)] <- reclass_set[y,4:(sims+4)]*reclass_set[y,1]

  balance_set[y,4:(sims+4)] <- balance_set[y,4:(sims+4)]*balance_set[y,1]  

} # loop applies the draw number to each selection of a candidate action in the draw history

  # (i.e., a four draw history of 0,1,0,1 for action 7 becomes 0,7,0,7)



risk_draws = data.frame(matrix(NA, nrow=sims, ncol=2)) # a table that will have the set number and the set string

colnames(risk_draws) <- c("DrawNumber","DrawSet") 

risk_draws[,1] = as.factor(c(1:sims)) # number of each simulation set of draws in the history for tabular display



persist_draws = data.frame(matrix(NA, nrow=sims, ncol=2))

colnames(persist_draws) <- c("DrawNumber","DrawSet") 

persist_draws[,1] = as.factor(c(1:sims))



reclass_draws = data.frame(matrix(NA, nrow=sims, ncol=2))

colnames(reclass_draws) <- c("DrawNumber","DrawSet") 

reclass_draws[,1] = as.factor(c(1:sims))



balance_draws = data.frame(matrix(NA, nrow=sims, ncol=2))

colnames(balance_draws) <- c("DrawNumber","DrawSet") 

balance_draws[,1] = as.factor(c(1:sims))



for (z in 4:(sims+3)){

  risk_temp <- paste(risk_set[,z],collapse = ",") # collapses each column of draws into a single character string

  risk_a <- as.character(risk_temp)

  risk_b <- strsplit(risk_a, "[^[:digit:]]")

  risk_c <- as.numeric(unlist(risk_b))

  risk_d <- unique(risk_c[!is.na(risk_c)])

  if (risk_d[1]==0){

    risk_d = risk_d[2:length(risk_d)]

  }

    risk_draws[z-3,2] <- paste(risk_d,collapse = ",")

  

  persist_temp <- paste(persist_set[,z],collapse = ",") # collapses each column of draws into a single character string

  persist_a <- as.character(persist_temp)

  persist_b <- strsplit(persist_a, "[^[:digit:]]")

  persist_c <- as.numeric(unlist(persist_b))

  persist_d <- unique(persist_c[!is.na(persist_c)])

  if (persist_d[1]==0){

    persist_d = persist_d[2:length(persist_d)]

  }

  persist_draws[z-3,2] <- paste(persist_d,collapse = ",")

  

  reclass_temp <- paste(reclass_set[,z],collapse = ",") # collapses each column of draws into a single character string

  reclass_a <- as.character(reclass_temp)

  reclass_b <- strsplit(reclass_a, "[^[:digit:]]")

  reclass_c <- as.numeric(unlist(reclass_b))

  reclass_d <- unique(reclass_c[!is.na(reclass_c)])

  if (reclass_d[1]==0){

    reclass_d = reclass_d[2:length(reclass_d)]

  }

  reclass_draws[z-3,2] <- paste(reclass_d,collapse = ",")

  

  balance_temp <- paste(balance_set[,z],collapse = ",") # collapses each column of draws into a single character string

  balance_a <- as.character(balance_temp)

  balance_b <- strsplit(balance_a, "[^[:digit:]]")

  balance_c <- as.numeric(unlist(balance_b))

  balance_d <- unique(balance_c[!is.na(balance_c)])

  if (balance_d[1]==0){

    balance_d = balance_d[2:length(balance_d)]

  }

  balance_draws[z-3,2] <- paste(balance_d,collapse = ",")

  

  }



# Find duplicate sets and calculate frequency

risk_series = as.data.frame(table(risk_draws$DrawSet)) 

persist_series = as.data.frame(table(persist_draws$DrawSet))

reclass_series = as.data.frame(table(reclass_draws$DrawSet))

balance_series = as.data.frame(table(balance_draws$DrawSet))



# Create a table that will have the action item numbers as string sets and percent of total draws for each set

risk_out = data.frame(matrix(NA, nrow=(nrow(risk_series)), ncol=2))

colnames(risk_out) <- c("DecisionSet", "PercentSimulations") 

persist_out = data.frame(matrix(NA, nrow=(nrow(persist_series)), ncol=2))

colnames(persist_out) <- c("DecisionSet", "PercentSimulations") 

reclass_out = data.frame(matrix(NA, nrow=(nrow(reclass_series)), ncol=2)) 

colnames(reclass_out) <- c("DecisionSet", "PercentSimulations") 

balance_out = data.frame(matrix(NA, nrow=(nrow(balance_series)), ncol=2)) 

colnames(balance_out) <- c("DecisionSet", "PercentSimulations") 



# Lookup and match the numbers from the sets with the item numbers to grab the action description

for (i in 1:nrow(risk_series)){

  numacts = as.numeric(strsplit(as.character(risk_series[i,1]), ",")[[1]]) # turn the character strings into sets of numbers

  txtacts = risk_set$Action[match(numacts, risk_set$Item)] # match numbers in sets to Item numbers to find Actions

  lstacts = paste0("(", numacts, ") ", txtacts) # put the matching set of actions into a number list

  risk_out[i,1] <- paste(lstacts,collapse = ", ")

  risk_out[i,2] <- round((risk_series[i,2]/sum(risk_series[,2]))*100, digits=0)

}

risk_ordout <- risk_out[order(-risk_out$PercentSimulations),]

write.table(risk_ordout, "RiskObjectiveSets.csv", sep=",", row.names=FALSE)



for (i in 1:nrow(persist_series)){

  numacts = as.numeric(strsplit(as.character(persist_series[i,1]), ",")[[1]]) # turn the character strings into sets of numbers

  txtacts = persist_set$Action[match(numacts, persist_set$Item)] # match numbers in sets to Item numbers to find Actions

  lstacts = paste0("(", numacts, ") ", txtacts) # put the matching set of actions into a number list

  persist_out[i,1] <- paste(lstacts,collapse = ", ")

  persist_out[i,2] <- round((persist_series[i,2]/sum(persist_series[,2]))*100, digits=0)

}

persist_ordout <- persist_out[order(-persist_out$PercentSimulations),]

write.table(persist_ordout, "PersistObjectiveSets.csv", sep=",", row.names=FALSE)



for (i in 1:nrow(reclass_series)){

  numacts = as.numeric(strsplit(as.character(reclass_series[i,1]), ",")[[1]]) # turn the character strings into sets of numbers

  txtacts = reclass_set$Action[match(numacts, reclass_set$Item)] # match numbers in sets to Item numbers to find Actions

  lstacts = paste0("(", numacts, ") ", txtacts) # put the matching set of actions into a number list

  reclass_out[i,1] <- paste(lstacts,collapse = ", ")

  reclass_out[i,2] <- round((reclass_series[i,2]/sum(reclass_series[,2]))*100, digits=0)

}

reclass_ordout <- reclass_out[order(-reclass_out$PercentSimulations),]

write.table(reclass_ordout, "ReclassObjectivesSets.csv", sep=",", row.names=FALSE)



for (i in 1:nrow(balance_series)){

  numacts = as.numeric(strsplit(as.character(balance_series[i,1]), ",")[[1]]) # turn the character strings into sets of numbers

  txtacts = balance_set$Action[match(numacts, balance_set$Item)] # match numbers in sets to Item numbers to find Actions

  lstacts = paste0("(", numacts, ") ", txtacts) # put the matching set of actions into a number list

  balance_out[i,1] <- paste(lstacts,collapse = ", ")

  balance_out[i,2] <- round((balance_series[i,2]/sum(balance_series[,2]))*100, digits=0)

}

balance_ordout <- balance_out[order(-balance_out$PercentSimulations),]

write.table(balance_ordout, "WeightedObjectivesSets.csv", sep=",", row.names=FALSE)
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RecoveryActions_20150323


			Item			Species			Action			Progress			Status			Knowledge			Prerequisite			Cost			Time			CompX			CompSD			BaseX			BaseSD			ActX			ActSD			RiskX			RiskSD			ReclassX			ReclassSD			Benefits			Leverage			Confidence			Factors


			1			Adiantum_vivesii			Prevent A. vivesii habitat loss and decline			0			E			U			N			1			1			0.5			0.05			0.5			0.05			0.5			0.05			0.4			0.04			0.3			0.03			0			0.5			0.9			0.6


			2			Adiantum_vivesii			Gather info to define A. vivesii distribution and abundance			0			E			U			N			1			1			0.25			0.025			0.5			0.05			0.5			0.05			0.4			0.04			0.4			0.04			0			0.25			0.9			0.33


			3			Adiantum_vivesii			Conduct research on A. vivesii genetics to determine if it is hybrid			0			E			U			N			15			1			0.9			0.09			0.5			0.05			0.5			0.05			0.25			0.025			0.8			0.08			0			0.2			0.9			0.33


			4			Adiantum_vivesii			Establish new A. vivesii populations			0			E			U			Y			20			4			0.5			0.15			0.5			0.15			0.5			0.15			0.3			0.09			0.7			0.21			0			0.5			0.7			0.6


			9			Catesbaea_melanocarpa			Protect existing C. melanocarpa populations from threats and limiting factors through landowner agreements and other conservation mechanisms			1			E			K			N			80			2			0.75			0.15			0.95			0.19			0.3			0.06			0.7			0.14			0.4			0.08			6			0.2			0.8			1


			10			Catesbaea_melanocarpa			Determine the distribution and population status of C. melanocarpa throughout its present and historic range including Barbuda Antigua and Guadalupe			0			E			K			N			100			5			0.75			0.225			0.95			0.285			0.15			0.045			0.1			0.03			0.7			0.21			6			0.5			0.7			0.6


			11			Catesbaea_melanocarpa			Evaluate techniques and develop a plant propagation program for C. melanocarpa			1			E			K			N			40			4			0.8			0.16			0.95			0.19			0.2			0.04			0.4			0.08			0.6			0.12			0			0.4			0.8			0.33


			12			Catesbaea_melanocarpa			Conduct scientific research on C. melanocarpa on specific habitat requirements and population genetics			0			E			K			N			100			5			0.9			0.27			0.95			0.285			0.35			0.105			0.4			0.12			0.6			0.18			0			0.4			0.7			0.33


			13			Catesbaea_melanocarpa			Facilitate the recovery of C. melanocarpa through public awareness and education			0			E			K			N			25			5			0.9			0.18			0.95			0.19			0.5			0.1			0.15			0.03			0.2			0.04			6			0.5			0.8			0.33


			14			Catesbaea_melanocarpa			Provide technical assistance to Barbuda Antigua and Guadalupe for the development of conservation measures for C. melanocarpa			0			E			K			Y			20			2			0.65			0.13			0.95			0.19			0.2			0.04			0.15			0.03			0.2			0.04			3			0.5			0.8			0.33


			15			Eleutherodactylus_cooki			Determine the distribution and population status of the guajón within traditional non-traditional and unoccupied habitat			1			T			K			N			35			2			0.9			0.18			0.5			0.1			0.1			0.02			0.05			0.01			0.5			0.1			2			0.5			0.8			1


			16			Eleutherodactylus_cooki			Implement conservation strategies for protection of essential habitat for the guajón			1			T			K			N			800			10			0.5			0.2			0.5			0.2			0.3			0.12			0.3			0.12			0.6			0.24			2			0.5			0.6			0.6


			17			Eleutherodactylus_cooki			Document the effect of natural and manmade disturbances on the guajón population			1			T			K			N			35			2			0.9			0.18			0.5			0.1			0.5			0.1			0.4			0.08			0.4			0.08			2			0.5			0.8			3


			18			Eleutherodactylus_cooki			Facilitate the recovery of the guajón through public awareness and education			1			T			K			N			15			3			0.9			0.18			0.5			0.1			0.5			0.1			0.2			0.04			0.1			0.02			2			0.5			0.8			1


			19			Thelypteris_yaucoensis			Prevent T. yaucoensis habitat loss and population decline			1			E			U			N			100			10			0.85			0.085			0.95			0.095			0.4			0.04			0.15			0.015			0.7			0.07			2			0.5			0.9			0.8


			20			Thelypteris_yaucoensis			Update T. yaucoensis distribution and abundance information			0			E			U			N			60			3			0.95			0.19			0.95			0.19			0.7			0.14			0.35			0.07			0.4			0.08			1			0.25			0.8			0.4


			21			Thelypteris_yaucoensis			Define T. yaucoensis habitat requirements and reproductive biology.			0			E			U			N			30			2			0.95			0.095			0.95			0.095			0.4			0.04			0.08			0.008			0.5			0.05			1			0.25			0.9			0.2


			22			Thelypteris_yaucoensis			Establish new T. yaucoensis populations			0			E			U			Y			60			5			0.55			0.11			0.95			0.19			0.25			0.05			0.15			0.03			0.6			0.12			1			0.5			0.8			0.2


			23			Epicrates_monensis_granti			Determine tatus of present E. monensis granti populations			1			E			K			N			125			3			0.95			0.0475			0.8			0.04			0.6			0.03			0.1			0.005			0.5			0.025			1			0.5			0.95			0.2


			24			Epicrates_monensis_granti			Determine and characterize habitat requirements E. monensis granti movements and behavior			1			E			K			N			125			3			0.95			0.0475			0.8			0.04			0.6			0.03			0.1			0.005			0.5			0.025			1			0.5			0.95			0.2


			25			Epicrates_monensis_granti			Protect and manage known E. monensis granti populations			1			E			K			N			225			5			0.8			0.16			0.8			0.16			0.2			0.04			0.3			0.06			0.9			0.18			6			0.75			0.8			100


			26			Epicrates_monensis_granti			Establish new E. monensis granti populations within the historical range of the species			1			E			K			Y			300			10			0.95			0.0475			0.8			0.04			0.1			0.005			0.2			0.01			0.95			0.0475			1			0.75			0.95			0.4


			27			Sphaerodactylus_micropithecus			Determine status and trends of present S. micropithecus population			1			E			K			N			60			3			0.9			0.27			0.5			0.15			0.5			0.15			0.2			0.06			0.9			0.27			2			0.5			0.7			1


			28			Sphaerodactylus_micropithecus			Monitor for potential S. micropithecus predation			1			E			K			N			15			3			0.9			0.27			0.5			0.15			0.05			0.015			0.1			0.03			0.95			0.285			2			0.5			0.7			1


			29			Eugenia_haematocarpa			Develop an inter-agency agreement to promote E. haematocarpa recovery			0			E			K			N			5			5			0.75			0.15			0.25			0.05			0.1			0.02			0.05			0.01			0.5			0.1			10			0			0.8			1


			30			Eugenia_haematocarpa			Gather info on E. haematocarpa distribution  and abundance			0			E			K			N			30			3			0.7			0.14			0.25			0.05			0.2			0.04			0.05			0.01			0.9			0.18			10			0.5			0.8			1


			31			Eugenia_haematocarpa			Conduct E. haematocarpa propogation research			0			E			K			Y			40			3			0.7			0.21			0.25			0.075			0.1			0.03			0.05			0.015			0.9			0.27			0			0.1			0.7			0.5


			32			Eugenia_haematocarpa			Establish new E. haematocarpa populations			0			E			K			Y			45			3			0.6			0.18			0.25			0.075			0.1			0.03			0.05			0.015			0.8			0.24			4			0.5			0.7			1


			33			Cyclura_stejnegeri			Determine the current status of the C. stejnegeri population			1			T			K			N			30			2			0.9			0.36			0.25			0.1			0.2			0.08			0.05			0.02			0.25			0.1			0			0.6			0.6			0.5


			34			Cyclura_stejnegeri			Protect and manage nesting C. stejnegeri habitat 			1			T			K			Y			250			5			0.6			0.24			0.25			0.1			0.15			0.06			0.01			0.004			0.7			0.28			3			0.7			0.6			1


			35			Cyclura_stejnegeri			Reduce adverse impact to C. stejnegeri by introduced mammals			1			T			K			Y			2000			5			0.5			0.35			0.25			0.175			0.05			0.035			0.01			0.007			0.8			0.56			3			0.7			0.3			0.66
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Guidelines to enter and check action data: 



1.  Baseline extinction probability [BaseX] should be the same for all actions for a given species. 



2. The extinction probability with the action completed [ActX] should always be equal to or less than the 



baseline probability [BaseX].   



3. The no‐action risk probability of extinction in 5 years (extinction risk if we delay acting by 5 years) 



[RiskX] should always be equal to or less than the baseline probability of extinction [BaseX].   



4. Sort (low to high) on the cost column [Cost] to check that you agree with the cost ranking of actions. 



5. Sort (low to high) on the cost column [BaseX] to check that you agree with the baseline extinction risk 



ranking of species. 



 



 










