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Abstract
Decision tools have been advocated to assist the prioritization of management areas for preventing and 
mitigating exotic invasions into native ecosystems. Currently, most tools have been created for specific 
invaders/regions and are thus often not sufficient to address the complex range of invasion scenarios that 
managers encounter. As exotic invasions continue to be a major issue, science-based, information-driven 
tools are pressingly needed. In this study, we explore the potential of utilizing the Analytic Hierarchy 
Process (AHP), one of the information-driven tools, to flexibly prioritize various invasion scenarios by 
incorporating a broad spectrum of management data. We tested the flexibility of the AHP management 
tool with two distinct invasion-stage-specific prioritizations for Amur honeysuckle (Lonicera maackii). 
The AHP tool successfully created two management prioritizations from contrasting invasion scenarios 
of established Amur honeysuckle invasion versus a hypothetical scenario of newly invading populations. 
The flexibility of AHP allowed users to alter input based on the stage of invasion in each scenario. In the 
established scenario, management priority was assigned to removing Amur honeysuckle from the most 
ecologically significant areas. For the new invasion scenario, priority was shifted to removing the invader 
from areas of most recent invasions. The two contrasting prioritizations demonstrate the flexibility of 
AHP as a management tool. We conclude that the flexible AHP tool could be useful for prioritizing man-
agement of exotic plant invasions.
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Introduction

Invasive species are a growing problem both economically and ecologically. As these 
species continue to spread and invade new regions, managing to reduce their impacts 
becomes crucial (Byers et al. 2002, Ricciardi et al. 2013). Managers often face a suite 
of invasive species and large infested areas, making it a necessity to prioritize manage-
ment actions (Hiebert 1997, Skinner et al. 2000). Many studies have examined the 
characteristics, spread, and potential impacts of invasive species, leading to generaliza-
tions about invasion ecology (e.g., Ehrenfeld 2010, Simberloff et al. 2012, Fei et al. 
2014). Yet, effective management guidelines can be limited as the extensive knowledge 
and data associated with invasion ecology at the landscape scale can result in complex 
management scenarios. There is a need for science-based, information-driven tools to 
assist management decision-making.

Frameworks that analyze relevant information to facilitate the decision making 
process are known as decision tools. While decision tools have been used for a number 
of management purposes, such as prioritizing various conservation efforts (Sarakinos 
et al. 2001, Moilanen et al. 2005, Pert et al. 2013, Peterson et al. 2013), they have 
received less attention in the field of invasive species management. Moreover, existing 
applications of decision tools in invasion management were built to address a specific 
stage of the invasion process. For instance, certain models focus on preventing the 
introduction of high impact invaders (Cunningham et al. 2004) while others prioritize 
management areas based on detection, spread, or impacts of the invaders (Taylor and 
Hastings 2004, Mehta et al. 2007, Cook et al. 2007). Individually, these static models 
are not suitable to address the complex range of invasion scenarios that managers often 
encounter.

One such tool capable of incorporating a range of invasion data for prioritization 
modeling is the Analytic Hierarchy Process (AHP). In broad terms, AHP leads users 
through the decision making process by comparing input data in a pairwise manner 
that leads to priority (Saaty and Vargas 2001). By reducing complex decisions to a 
series of pairwise comparisons, expert judgement is incorporated into the decision 
process resulting in an objective ranking of the data. AHP has been applied in various 
fields and successfully produced prioritization outputs for forest conservation (Valente 
and Vettorazzi 2008) and landfill site selection (Zelenović Vasiljević et al. 2012).

However, there has been limited use of AHP for invasive plant management. Ex-
isting applications of AHP in invasion management are often region or species-specific 
(e.g., Roura-Pascual et al. 2009, Forsyth et al. 2012, Hohmann et al. 2013). Moreover, 
these studies do not directly demonstrate to managers that the AHP tool is adaptable 
to their specific management scenarios. Therefore in order to test the flexibility of 
AHP, we assessed if one tool could adapt to different management scenarios. We used 
two contrasting invasion scenarios, early versus late stage invasion of an exotic plant, 
for AHP assessment. We also assessed how the flexibility of the AHP management 
tool altered management priority between scenarios and further discussed how this 
flexibility could be useful for managers.
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Methods

Model species

Amur honeysuckle (Lonicera maackii) (Rupr.) Herder, a widely distributed and high-
impact invasive exotic plant, was used as our study species to assess the AHP manage-
ment tool. Amur honeysuckle is native to eastern Asia and is found in most states of 
the eastern United States. Amur honeysuckle forms dense understory patches with 
thick canopies and often results in a monocultural system that impacts native species, 
alters nutrient cycling, prohibits natural regeneration processes, and degrades the habi-
tat for wildlife (Gorchov and Trisel 2003, McKinney and Goodell 2010, Dutra et al. 
2011, Watling et al. 2011). Many forested areas have been or will be impacted by the 
invasion of Amur honeysuckle.

Study area

The Inner Bluegrass physiographic region of Kentucky, USA served as the general 
study area and covers approximately 5,000 km2 (Figure 1a). The Inner Bluegrass region 
is largely defined by limestone formations and phosphate rich silt loam soils (Whar-
ton and Barbour 1991). The regional climate is characterized as temperate, humid, 
and continental (Wharton and Barbour 1991). Amur honeysuckle is widespread and 
found in thick patches throughout this region.

AHP management tool

In general, there are two initial steps in AHP workflow. In the first step, a manager sets 
a goal, such as prioritizing areas for the removal of an invasive exotic plant. As is often 
the case, complete removal from all locations isn’t feasible, and management must be 
prioritized based on a preset of information. The second step of AHP is gathering the 
data (parameters) that will be used in the decision making process. Spatial data repre-
senting different characteristics of the invasion process and relevant to invasive plant 
management were selected for our analysis. To fit the structure of AHP, the parameters 
were placed into a hierarchy system that organizes the data into groupings at various 
levels. At the highest level, the parameters were grouped into one of three categories: 
Invasive Exotic Plant (IEP) Attributes, Ecological Impacts, or Land Use Character-
istics. At the lowest level of the hierarchy, the descriptive information (attributes) of 
each parameter is assigned to individual management units (e.g. density level of plant 
infestation – low, medium, or high). The data organized into categories, parameters, 
and attributes, along with descriptions and data sources can be found in Table 1.

AHP outputs were generated by using two different scenarios of Amur honeysuckle 
invasion, one actual and one hypothetical, in order to examine AHP flexibility. The first 
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Figure 1. a Location of study area created to fit the general outline of the Inner Bluegrass region of Kentucky. 
The priority scores calculated for b established invasion output and c new invasion output d The change in 
priority level between the established and new invasion scenarios.

output examined prioritization under the current stage of Amur honeysuckle invasion 
within the Inner Bluegrass region of Kentucky. This output was labeled the “established 
invasion scenario” (EIS) because Amur honeysuckle is widely established and distrib-
uted throughout this region, having high ecological and economic impacts. The second 
output examined prioritization under a hypothetical scenario, in which Amur honey-
suckle was new to the region and only beginning invasion and early establishment. This 
output was labeled “new invasion scenario” (NIS) because it represented a hypothetical 
stage of invasion in which the density levels of Amur honeysuckle are much lower than 
what the region is currently experiencing. By using one tool to generate two outputs, we 
were also able to compare how a perceptual change in the stage of Amur honeysuckle 
invasion could alter parameter importance and management priority between outputs.

Parameters were organized into AHP using the software program Expert Choice 
decision software (Version 11.5, Arlington, VA). AHP analyzes the data by gather-
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ing the parameters in a pair-wise manner, asking the user to rate which parameter is 
more important (and by how much) in meeting the assigned goal. For instance, the 
user would answer the question, “when prioritizing watersheds for Amur honeysuckle 
management, are the ecological impacts or the invader’s attributes more important?” 
In this pairwise manner, all categories, parameters, and attributes were weighted. We 
used a natural resource manager and an ecologist to provide responses to the pairwise 
comparisons for both invasion scenarios.

Table 1. Detailed description of data used in the AHP management tool. Parameters are organized into 
one of three categories, Invasive Exotic Plant (IEP) Attributes, Ecological Impacts, or Land Use Charac-
teristics. The Description column gives details of data sources and how parameters were generated. The 
Attributes column details how parameters were divided and assigned to management units.

Category and 
Parameter Description Attributes

IEP Parameters

Amur honeysuckle 
density

Estimated Amur honeysuckle density from 
a supervised classification of a 2009 Landsat 

satellite image

5 density levels: lowest, low, medium, 
high, highest

Young Amur 
honeysuckle density

Estimated young Amur honeysuckle density by 
subtracting the 2005 distribution from the 2009 

distribution

5 density levels: lowest, low, medium, 
high, highest

High invasion 
pressure

Calculated average density of Amur honeysuckle 
per watershed. Higher densities relate to higher 
invasion pressure on neighboring watersheds

Is the watershed neighboring a unit 
with a higher than average density of 

Amur honeysuckle? Yes or no
Ecological Impacts

Rarity-weighted 
species richness index

Presence/absence of rare species. Index created 
by the Kentucky State Nature Preserves 

Commission. Index incorporates the rare species 
distribution and number of populations within 

the state to create a rarity index score

5 index levels:
High = high concentration of rare 

species present
Medium = rare species present

Low = may support rare species, 
though no occurrences are known

Historic = occurrences that have not 
been observed for over 20 years

Absent = no rare species present or 
historically documented

Ecologically 
important sites

Ecologically significant areas as identified by the 
Kentucky State Nature Preserves Commission

Does the watershed contain an 
ecologically important area? Yes or no

GAP diversity Generalized habitat diversity levels as modeled by 
the GAP analysis program 3 diversity levels: low, medium, high

Land Use 
Characteristics

Land usage
General land usage of each watershed derived 

from Population Interaction Zones for 
Agriculture (PIZA) created by the USDA 

3 zones: agricultural land, less 
impacted land, highly urbanized land

Road density Road dataset produced by the Kentucky 
Transportation Cabinet

5 density levels: lowest, low, medium, 
high, highest
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Calculating management priority

Attributes of each parameter were overlaid onto individual management units by us-
ing ArcGIS 10 Geospatial Modeling Environment (ESRI Inc., Redlands, CA). The 
14-digit hydrological unit code (HUC), which refers to the finest scale for watershed 
delineation, was used to divide the study area into 286 management units. A priority 
score for each management unit was calculated by converting attribute weights into a 
point value and then totaling the points of all attributes within each unit (Ou et al, 
2008). A total of 100 possible points was assigned among the three categories of the 
hierarchy based on the user generated weights. Points were then allocated to parameters 
and attributes based on user generated weights of importance. Management units with 
high total scores were deemed higher priority than those receiving lower scores. Man-
agement units were organized into one of four priority levels based on their total points 
(Table 2). Differences in distribution of priority between the two outputs allowed us to 

Table 2. Scoring intervals organized into management priority levels. The higher the score, the higher 
the priority level assigned to the management unit.

Scoring interval Priority rank Priority level
0–30 Lowest 1
31–50 Low 2
51–70 Medium 3
71–91 High 4

Table 3. The AHP results of the established invasion output. Weighted percentages of importance were 
assigned at the category level (IEP Parameters 24%). Percentage points were further divided among pa-
rameters within each category (IEP density – 14). Points were then assigned to individual attributes that 
represented the characteristic of each management unit (Lowest – 14).

1. IEP parameters (24%) 2. Ecological impacts (66%) 3. Land use characteristics (10%)
1.1 IEP density (14) 2.1 Rarity-weighted richness (32) 3.1 Land usage (6)

Lowest 14 High 32 Agriculture 1
Low 10 Medium 28 Less impacted 6

Medium 5 Low 14 Highly urban 2
High 2 Historic 7

Highest 0 Absent 0 3.2 Road density (4)
    Lowest 4

1.2 Young IEP density (6) 2.2 Ecologically important site (27) Low 3
Lowest 1 Yes 27 Medium 2

Low 2 No 0 High 1
Medium 3   Highest 0

High 4 2.3 GAP diversity (7) 
Highest 6 Low 1

  Medium 4
1.3 High invasion pressure (4) High 7

Yes 4  
No 1    
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analyze how altering user input based on invasion stage impacted priority. The results 
of the two prioritizations were analyzed in ArcGIS by comparing changes in each man-
agement unit’s score and priority level between the outputs.

Results

The AHP successfully produced two distinct prioritizations from one tool, demon-
strating a useful flexibility. Between the two invasion scenarios, users were able to 
weight the importance of the parameters differently dependent upon the stages of 
Amur honeysuckle invasion. For the EIS output, the Ecological Impacts category was 
weighted the highest (66%), followed by IEP Parameters (24%), and Land Use Char-
acteristics (10%) (Table 3). Parameters listed in the order of deemed importance were 
the rarity weighted species richness index, followed by ecologically important sites, and 
Amur honeysuckle density. The remaining five parameters had limited influence, with 
high invasion pressure and road density deemed the least important when considering 
management priority.

For the hypothetical NIS output, the IEP Parameters category was weighted high-
est (62%), followed by Land Use Characteristics (29%), and Ecological Impacts (9%) 
(Table 4). Within the categories, the five highest parameters were Amur honeysuckle 
density, followed by young Amur honeysuckle density, land cover, road density, and 

Table 4. The AHP results of the new invasion output. Weighted percentages of importance were assigned 
at the category level (IEP Parameters 62%). Percentage points were further divided among parameters 
within each category (IEP density – 30). Points were then assigned to individual attributes that repre-
sented the characteristic of each management unit (Lowest – 6).

1. IEP parameters (62%) 2. Ecological impacts (9%) 3. Land use characteristics (29%)
1.1 IEP density (30) 2.1 Rarity-weighted richness (4) 3.1 Land usage (17)

Lowest 6 High 4 Agriculture 1
Low 14 Medium 3 Less impacted 12

Medium 19 Low 2 Highly urban 17
High 25 Historic 1

Highest 30 Absent 0 3.2 Road density (12)
    Lowest 1

1.2 Young IEP density (21) 2.2 Ecologically important site (4) Low 4
Lowest 4 Yes 4 Medium 7
Low 10 No 0 High 10

Medium 15   Highest 12
High 19 2.3 GAP diversity (1) 

Highest 21 Low 1
  Medium 1

1.3 High invasion pressure (11) High 1
Yes 11  
No 1    
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high invasion pressure. The remaining three parameters had little influence on the 
prioritization, with GAP (Gap Analysis Program) diversity being weighted the lowest.

Clear differences in the spatial distribution of priority areas were observed between 
the two outputs (Figure 1b–d). For the EIS output, the top priority units were gener-
ally found within a western strip of the study area (Figure 1b). For the NIS output, the 
top priority units were in a tight cluster within the center of the study area (Figure 1c). 
Because of these distinct differences in priority, we quantified the changes in priority 
distribution (Figure 1d). The greatest change in priority score between outputs was 58 
points. The majority of changes in priority level were from instances where units that 
received low scores in the EIS output received high scores in the NIS output.

Discussion

Comparison of invasion scenarios

The ability of a user to compare parameter importance within each respective category 
is vital to producing a flexible tool for management. Users altered which parameters 
they believed were most important for prioritizing management sites dependent upon 
the stage of invasion. In the EIS output where Amur honeysuckle has long been estab-
lished and widespread, priority was weighted towards removing the invader from the 
most ecologically significant areas. After deeming the Ecological Impacts category as 
most important, users decided that the presence/absence of rare species and ecologi-
cally important areas should receive more weight than the GAP diversity parameter.

Outside of the Ecological Impacts category, users also deemed that the distribution 
and density of Amur honeysuckle as important information. User input suggested that 
management units with lower Amur honeysuckle density were most important because 
these sites would be easier to manage, resulting in a better possibility for control. The 
other parameters, which related to spread and establishment, were not as important in 
this output because of the widespread establishment of the invader.

In the NIS output, priority was shifted from primarily protecting ecologically 
important areas to relying on parameters that would lead to monitoring of high 
risk sites and quick removal of new invasions. The IEP Parameters category was 
most important in this output because it would allow managers to locate such areas 
of new establishment and remove the invader before it spreads. In addition, users 
weighted the Land Use Characteristics category higher because its parameters may 
lead to monitoring and prevention of introduction. For instance, the land usage and 
road density parameters identify areas of increased disturbance, which may relate 
to a higher probability of introduction or establishment. Rather than focusing on 
potential impacts in a scenario of newly invading Amur honeysuckle, users suggested 
that in an effort to eradicate the invader, it was more important to focus activities on 
removing current stands while also directing operations to monitor and/or prevent 
new introductions.
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AHP management tool

For this assessment, we chose to demonstrate the AHP management tool at the landscape 
scale and used watersheds as management boundaries. It is important to address the 
landscape level because the risk of invasion is often related to its environmental factors 
(With 2002). We are acknowledging that certain landscapes may be more vulnerable to 
invasion and experience various levels of impacts. Likewise, prioritization at the this level 
can facilitate eradication of the most ecologically damaging populations, while creating a 
system that uses limited labor in areas of most need. Furthermore, watersheds are highly 
recognizable by managers and make realistic boundaries at this scale. By operating at 
a landscape scale, we were able to use readily available GIS data to create many of our 
parameters. Many state agencies have websites dedicated to sharing ecologically relevant 
data at this scale. Finally, changes in parameter importance between the two outputs 
demonstrate the importance of using data that broadly cover the entire invasion process.

We acknowledge that the AHP outputs were only generated from two users. While the 
management tool was not demonstrated by multiple user groups we believe that our results 
show that AHP is capable of producing flexible outputs for prioritizing management. Our 
assessment of AHP flexibility, along with other region and species-specific AHP frame-
works (e.g., Skurka Darin et al. 2011, Hohmann et al. 2013, Robison et al. 2013) will 
greatly enrich managers options in invasive species management decision making.

Management implications and conclusion

Our results demonstrate the flexibility of the AHP management tool, which is impor-
tant for managers. Managers can create a unique AHP framework around their man-
agement scenario and needs by incorporating appropriate data that best fit the target 
invader. The tool could also be adjusted to meet various management scales by chang-
ing data sources between county, state, or regional levels. The AHP management tool 
may be especially useful for managers in situations where work proposals are required 
before implementation. In such cases, a manager could use one basic tool to propose 
multiple prioritizations based upon the various goals within the organization. Manag-
ers could also demonstrate how management might change dependent on potential 
budgets, priority between ecological protection or economic feasibility, or preference 
between eradication or control of spread. Equipped with more information, compari-
sons and decisions can be made that best meet each unique management situation.

Overall, there is a need for information-driven tools to assist management deci-
sion-making. Invasive plant management at the landscape scale is often complex and 
should include data relevant from all stages of the invasion process. AHP as a tool is 
guided by the user’s expert knowledge and allows the user to assess large amounts of 
data in a structured environment. In addition, AHP provides valuable transparency to 
the decision making process. Various frameworks have been constructed that success-
fully demonstrate the usefulness of the AHP tool for addressing specific management 
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questions. By successfully demonstrating the flexibility of AHP across two different in-
vasion scenarios, our results indicate that AHP has the potential to meet management 
needs for prioritizing invasive plant management.
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