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6.0 Monitoring and Adaptive Management 
 
The monitoring and adaptive management assumptions for the Oahu Implementation Plan (OIP) 
are based on those formulated in the Makua Implementation Plan (MIP) (US Army Garrison 
1999).  Beginning with the implementation of the MIP in 2004 and the MIP urgent actions in 
2003, the Army Natural Resources Program has benefited from the monitoring and adaptive 
management protocols described previously. This adaptive management strategy will continue to 
be extremely important for the stabilization of species in the Oahu training areas as the Army 
Natural Resources program will base the Army response level for species within Kawailoa 
Training Area and Schofield Barracks East Range based on the impact, actual or predicted, by 
Army training needs (see Chapter 5.1: Threat Assessments; Army Stabilization Priority Tiers).   
 
Adaptive management is management designed to change with conditions and information, using 
the results of monitoring and other new information to refine the design, scope, or 
implementation of management actions or the monitoring program for an area or a taxon.  
Dynamic systems may be difficult to predict, but there are underlying rules and guidelines that 
can direct changes in management actions according to the results from previous actions.  The 
population status and trends of the target taxa and their habitats are not static, but changing, and 
we have some idea of their likely response to the management recommended.  However, the kind 
of management, and the intensity and timing of application depend on how the target taxa 
respond initially to the first actions applied.  Accurately assessing the changes in status of target 
population units (PUs), or the response of other factors affected by management, is the intent of 
monitoring.  Monitoring is an essential and integral part of adaptive management. 
 
Monitoring of the in situ and reintroduction populations will be conducted to determine progress 
toward attaining taxon stability.  Monitoring will also be conducted to assess the status of the 
management unit (MU) relative to control of alien taxa and to habitat restoration.  Data to be 
collected will include number, vigor, and phenological phase of all or samples of the individuals 
in the PU by size class.  This information will be evaluated using an appropriate statistical 
analysis to assess current and projected status of the monitored PU.  Adaptive modifications to 
the in situ management, augmentation, or reintroduction strategies for the PUs for each taxon and 
each MU will be made based on the results of the monitoring program, and as research results in 
new information on reintroduction methods and threat control methods.  While the stabilization 
of the PU is the end goal, changes in management of the PU, threats to the PU, and the 
surrounding habitat must be monitored to determine which factors are affecting the ability to 
reach stability.  Adaptive management options to consider include, but are not limited to: 

 
• increasing or decreasing the number of individuals reintroduced into a site annually 

during the initial reintroduction phase 
• (re)initiating reintroduction or augmentation efforts for a particular PU; 
• intensifying or changing post-reintroduction care (e.g., watering reintroductions) 
• increasing or decreasing the control of specific threats as indicated by threat monitoring 

 
The comprehensive monitoring plan developed for the MIP follows in this chapter and is not 
altered from the original MIP (MIT 2003).  Final decisions to change management actions 
must be approved by the Army and the U.S. Fish and Wildlife Service.  
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Measures of Success 
The long-term goal of stabilization of the Oahu target taxa is likely to be realized only after 
decades of management action. The short- and intermediate- term measures of success are 
defined by the successful completion of the actions during the early periods of the 
implementation schedule proposed. These measures of success are supported and assessed by 
monitoring data that will indicate the positive effects of such management.  Given the many 
variables related to the achievement of stability, the Army Natural Resources staff and the U.S. 
Fish and Wildlife Service (USFWS) cannot offer specific biological expectations for the 
response of the different target taxa to management beyond the goals listed below and the 
implementation of scheduled management actions.  However, it is intended that biological 
criteria will be used to a greater extent to assess success in the intermediate and long term.    

Milestones in the measures of success 
The following is an outline of expected milestones in the short-, intermediate-, and long-term 
that will be monitored by the U.S. Army and the USFWS, and used to assess compliance with 
the Endangered Species Act.  It is expected that after goals are achieved, maintenance of the 
actions will continue as needed to ensure stabilization of the target taxa.  Except for Urgent 
Actions, all completion dates are counted from the time of each Army Response Tier initiation 
(see Chapter 5.1: Army Stabilization Priority Tiers). Urgent actions are defined by the USFWS 
as those actions that are best implemented before completion of the IP because, where imminent 
threats are serious for a subset of target taxa and populations, certain management actions are 
urgently needed.  
 
This bulleted list was created to summarize the specific actions for target taxa and MUs required 
in the initial and later years of the OIP implementation.  This serves as the basis for the short, 
intermediate, and long-term goals as outlined in the table below. 

Short Term Priority Actions- to be initiated within the first 2 years following activation of each 
active Tier (see Chapter 5.1: Army Stabilization Priority Tiers). 

• Complete programmatic NEPA process 
• Initiate baseline management and monitoring for all managed populations (manage for 

stability, manage for genetic storage collections). 
• Begin genetic storage testing 
• Initiate genetic storage for all taxa in active tiers 
• Initiate propagation testing 
• Urgent Actions complete (for a list of urgent actions see USFWS 2003) 

 
Short Term Priority Actions- Management Unit (one to two major OIP MUs will be built per 
year- these actions should be completed within 3 years of each MU proposed construction year; 
i.e. South Kaukonahua proposed OIP yr 6 or 2013; the Army should have fence scoped, cleared, 
monitoring initiated by 2016) 

• Scope fencelines 
• Clear MU/subunit fencelines 
• Implement MU-level monitoring for entire MU/subunit  
• Implement MU Fire management plans if necessary 
• Develop MU/subunit alien plant control plans 
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• Develop MU/subunit ungulate control plans 
• Implement ungulate control plans within MU 
• Develop overall MU management plan 
• Refine MU monitoring protocols 

Short Term Priority Action – PU Management (to be completed within 3 years of each specific 
tier activation) 

• Initiate stabilization actions of activated tier species (MU threat control and full PU 
management, though this does not mean that all threats have been controlled only that 
active management has begun) 

• Initiate outplanting and reintroduction efforts, if needed/feasible 
• Refine PU monitoring protocols 

Intermediate Term Priority Goals (to be completed within 10-15 years of each specific tier 
activation) 

• Achieve MU threat target levels (as feasible) 
• Reverse and reduce decline trends 
• Demonstrate regeneration, improved vigor and improved habitat conditions 
• Achieve stabilization of short lived taxa by 25 years of initial tier activation  

Long Term Priority Goals (to be completed within 50 years of initial tier activation) 
• Achieve stabilization of all target taxa  
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6.1 Monitoring  
 
Introduction 
This section was initially written by the Makua Implementation Team (MIT) for the Makua 
Implementation Plan (MIP). It is reproduced here for reference without major modification as all 
monitoring protocols developed for the MIP will also be applicable to the Oahu Implementation 
Plan (OIP). 
 
A natural resources monitoring program involves the repeated collection of data on 
characteristics of individuals of a species, a population of a species, or a habitat (e.g., survival, 
growth, abundance, distribution, species composition or diversity, etc.) to evaluate change in 
those variables over time.  The results of monitoring are used to assess progress toward 
achieving a predetermined management goal (e.g., species distribution, population stability, 
community diversity), to evaluate the efficiency or success of a management action (e.g., 
decrease or elimination of alien species impacts), or to identify new problems that may threaten 
the completion of a management objective.  Monitoring information is crucial for designing, 
implementing, and refining a program to manage both the rare and more common species of an 
area, as well as the habitats on which they depend.  A properly designed and implemented 
monitoring program requires a commitment of significant time and resources to allow for the 
collection and analysis of adequate data.  This amount of effort typically translates to between 
approximately 5 and 10% of the cost to implement the entire resources management program. 
 
Several recent publications  (Elzinga, et al. 1998, Pavlik 1996, Sutter 1996, as well as other 
chapters in Falk, et al. 1996) have emphasized the importance of a well-designed monitoring and 
data analysis program in conjunction with natural resources management and species restoration 
programs.  The Implementation Team (IT) has drawn from these resources, as well as from its 
collective experience with monitoring plant and animal populations in Hawaii and elsewhere, to 
develop the set of monitoring protocols to be used in evaluating the U.S. Army’s (Army’s) 
success in achieving the stability goals for the target taxa as specified in the Implementation Plan 
(IP). Monitoring results will primarily be used to evaluate progress toward meeting the IP 
stabilization goals, as well as to provide information that can help refine the Army’s 
management techniques and strategies as part of an adaptive management program. 
 
In this chapter, a brief overview of the characteristics and components of an effective monitoring 
program are presented first, followed by the set of specific monitoring protocols to be 
implemented as management activities under the IP.  A glossary is also provided to aid the 
reader with definitions of the many technical terms and concepts discussed in this section (see 
Attachment 1 below). 
 
Developing an effective monitoring program 
An effective and efficient monitoring program has several components: 1) identifying and 
integrating management goals, management objectives, and sampling objectives for the 
particular situation, 2) selecting sampling method(s), 3) determining sampling and data analysis 
strategies, 4) conducting pilot studies to finalize sampling design and methodology, 5) 
implementing the monitoring plan, 6) analyzing and interpreting the results, and 7) using the 
results to refine, redirect, continue, or end the management or monitoring program through an 
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adaptive management feedback loop.  Although standardization of data collection and analysis 
procedures is a basic principle of an effective monitoring program, there must be some flexibility 
to allow for making modifications to the monitoring protocols to better address the management 
objectives if the results are ambiguous.  Finally, it is extremely important that a monitoring 
program is designed and conducted in a way that the process of collecting field data will not 
adversely impact the resources that are being managed.   
 
Identifying management goals and objectives, and sampling objectives 
Management goals and objectives and sampling objectives provide the foundation upon which a 
monitoring program is designed and implemented. A management goal is a general statement 
describing what should be accomplished if the management program is successful.  It addresses 
questions such as should the number of individuals in a native species population be increased or 
maintained at a certain level, or should invasive alien species be controlled or eliminated. An 
example of a management goal is to maintain a population unit (PU) of Cyanea superba subsp. 
superba in the Kahahaiki management unit (MU) that is comprised of at least 50 mature and 
reproducing individuals. 
 
Elzinga et al. (1998) define a management objective to be a clearly articulated description of a 
measurable standard, desirable state, threshold value, amount of change, or trend that you are 
striving to achieve for a particular plant population or habitat characteristic.  A management 
objective is a more detailed description of the desired outcomes of a management goal and 
should include reference to several characteristics, including: 1) identification of the species or 
habitat variable to monitor, 2) what sites to monitor, 3) the specific attributes to monitor (e.g., 
plant density, cover, frequency, etc.), 4) what the management needs to accomplish or achieve, 
5) the degree of change or state that needs to be achieved, and 6) the timeframe for measuring 
and achieving the change or desired state. An example of a management objective is to increase 
the number of mature and reproducing Cyanea superba subsp. superba individuals in the 
Kahanahaiki PU from two in year 2000 to 50 by the year 2015.   
 
Sampling objectives, on the other hand, focus on the sampling and data analysis strategies and 
methods that will be used to address a particular management objective.  Specifically, sampling 
objectives need to include information on what variables will be sampled, the levels of statistical 
significance and statistical power desired to determine if a change has or has not occurred or if a  
difference exists or not between sampling times or situations for comparison (acceptable Type I 
and Type II error levels), and the minimum amount of detected change that would be considered 
to be biologically significant.  If monitoring results demonstrate a significant change or 
difference relative to management targets, the outcome may lead to the triggering of a new 
management action, a change in a management action, or a termination of a management action.  
An example of a sampling objective is to be 95% confident that the number of mature and 
reproducing Cyanea superba individuals in a specific PU is within 10% of the target value 
specified in the Stabilization Plan for this species.  For the IP, the number of individuals of target 
taxa in each of the PUs will preferably be assessed by conducting a complete census of the 
mature individuals within a PU wherever possible, but the sampling objective described above 
will be used if a census cannot be conducted. 
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In the monitoring protocols developed for the IP, only monitoring goals and preliminary 
sampling objectives have been identified since it was felt that there is not currently adequate 
information to specify either management objectives or detailed sampling objectives for each 
species, area, or activity.  These more general goals and objectives should serve as the basis for 
initiating surveys and pilot studies which will provide the details necessary to finalize the design 
of each monitoring protocol before it is implemented.  The final monitoring protocol will be 
approved by the IT following the review of pilot study results, before full implementation 
of the monitoring program should begin. 
 
Selecting sampling methods 
There are many different methods that can be used to monitor plant or animal populations or 
habitat characteristics of an area.  These include collecting data on growth, survival, and 
abundance of species as well as techniques that address more specific sampling needs, such as 
population structure and demographic sampling (Ferson 1990, Guerrant 1996, Guerrant and 
Pavlik 1997), vegetation or habitat sampling methods (Mueller-Dombois and Ellenberg 1974), or 
sampling tree snail populations (Hadfield et al. 1993).   
 
Table 4.1 (below) summarizes the basic types of data and data collection methods that are 
recommended for use with the IP monitoring program.  Included are methods for assessing 
characteristics of specific individuals of a species (such as outplanted individuals as part of an 
augmentation or reintroduction project or individuals of a wild population), populations of a 
species (both native and alien species), and communities or habitats.  These methods form the 
foundation for the monitoring protocols that must be conducted by the Army for the IT to 
evaluate its success in meeting the stabilization goals for the target species and habitats covered 
by the plan. 
 
Determining the appropriate sampling and data analysis strategies 
Two of the most critical steps in developing a monitoring program are choosing an appropriate 
sampling design (i.e., determining the sample units, how and where sample data are collected), 
and deciding on the proper data analysis methods and strategy to be used. Manly (1992) and 
Elzinga et al. (1998) provide excellent overviews on designing field sampling programs.  
Detailed discussions of basic parametric and non-parametric statistical analysis techniques can 
be found in standard statistical texts, such as Ramsey and Schafer (1996), Sheskin (1996), and 
Zar (1999).  In the monitoring protocols for the IP we stress the need for random selection of 
individuals or points for all sampling that involves statistical analyses, as well as use of data 
analysis methods that are appropriate for the questions being addressed and the characteristics of 
the data. 
 
An essential part of developing an appropriate sampling design is deciding on how many sample 
points are needed to adequately detect and document change in the sampled variables over time.  
The best way to determine sample size is to conduct a statistical power analysis.  Statistical 
power refers to the probability that a particular test will detect a change of a given size, if such a 
change has in fact occurred.  A high value of power in this test indicates a greater likelihood of 
detecting a change of a given size than a test result that indicates low power.  A statistical power 
analysis involves estimating the variance expected in the resulting data and specifying the 
probability level you want to use in conducting the analysis, as well as identifying the minimum 
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level of difference or change that is considered to be important from the biological and 
management perspectives.  This design strategy ensures minimizing the probability of making 
either a Type I (false change) or Type II (missed change) error.  The IT recommends setting the 
statistical probability level of all tests to 90% to minimize making a Type I error when 
interpreting the results, and sampling enough points to ensure the power of the test is at least 
80% to minimize the chance of making a Type II error. 
 
Analyses of monitoring data can be accomplished using a variety of parametric, non-parametric, 
and semi-parametric procedures, depending on sampling design, type of data collected, and 
distribution characteristics of the data.  The advent of fast processors and expanded memory in 
personal computers has allowed for the practical use of various resampling statistical methods, 
including randomization, bootstrap, Monte Carlo, and exact probability techniques as described 
by Manly (1998), Mehta and Patel (1999), and Simon (1999).  A major advantage of using 
resampling methods is that statistical inferences may be made by examining differences in many 
population parameters (e.g., mean, standard deviation) or standard test statistics (e.g., t- or f-
statistics) without having to assume a normal distribution for the sampled populations.  The lack 
of normality limitation is often the case with field data, particularly for data collected on 
relatively rare species.  For repeated measures analyses, semi-parametric procedures, such as the 
use of generalized estimating equations may be preferable.  The IT recommends the use of 
appropriate resampling analysis technique for tests with continuous data rather than shifting to 
non-parametric analyses when the data are found to be non-normal. 
 
Conducting a pilot study 
A pilot study involves collecting data in a scientific manner to test sampling design, data 
collection and analysis procedures, and to estimate basic parameters of the variables sampled.  
The results of a pilot study are used to refine and possibly simplify the subsequent monitoring 
program, and to provide realistic estimates of the time and resources required to conduct the 
monitoring. Pilot studies should always be conducted at the initial stages of a monitoring 
program, or whenever new sampling designs, data collection methods or variables are introduced 
into an existing program. 
 
Implementing the monitoring plan 
A baseline survey, which is the first complete set of data collected for a monitoring program, 
needs to be conducted prior to the initiation of management actions (e.g., threat control, species 
augmentation, etc.) in an area.  This initial data collection step will be followed by regular 
assessment of the populations or individuals through the monitoring program.  The interval for 
data collection varies depending on the time since initiation of the action and the management 
questions being addressed.  For example, following initial outplanting of individuals into 
reintroduction or augmentation sites, data on survival and growth of the plants should be 
collected on a monthly (or in some cases weekly) basis to assess success of the outplanting effort 
and to provide feedback on the need for post-planting care (e.g., watering, slug or rat control). 
However, after the first six months monitoring can shift to a longer interval, and eventually to an 
annual cycle, as monitoring emphasis is more focused on long-term survival of the plants and 
ultimately stability of the population.  During its annual review the IT will use the results of the 
monitoring program to evaluate the need to modify the monitoring interval.    
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It is important that the monitoring program be conducted with consistency in data collection 
techniques and comparable observers over time.  This involves the development of operational 
definitions for all elements of the specific monitoring protocols to ensure that data for all 
variables are collected the same way each time.  Additionally, data collection forms should be 
designed in a way that the information is recorded in an efficient manner and can easily be input 
or transferred into a computer for management, analysis, and backup.  The use of field data 
loggers or palm-top (e.g., PDA’s or personal data assistant) computers is recommended for 
collection of the data in the field, eliminating the need to manually reenter the raw data into a 
data file for analysis.  Different types of data loggers are available ranging from sophisticated but 
expensive units to small, inexpensive hand-held computers.  Finally, all observers involved with 
collection of field data must be well trained in the data collection protocols, in identification of 
native and alien species, and how to minimize impacts in the study area while conducting a 
monitoring program. 
 
Analyzing and interpreting the results from a monitoring program 
The data from all baseline surveys need to be analyzed as soon as possible after collection (i.e., 
within six months) so the results can be used to refine aspects of the management program and/or 
monitoring protocols.  In many cases the sampling framework for a protocol will have been 
based on rough estimates of the population parameters (e.g., mean and variance).  Better 
estimates of these parameters will be obtained from pilot studies, which should help refine, and 
possibly reduce, the number of samples needed to evaluate the sampling objectives. 
 
Once the IP is fully implemented, the data from the various monitoring projects must be 
analyzed annually and summary reports prepared prior to the annual evaluation of progress by 
the IT.  This annual review of the monitoring reports and protocols will ensure that the data 
collection and analysis techniques are relevant and appropriate to determine the Army’s progress 
toward achieving stability of the target taxa. 
 
Using monitoring results to guide an adaptive management program 
One of the most tangible benefits of a monitoring program is objective data which provides the 
natural resources management team the means to better understand how the target resources are 
or are not responding relative to management actions.  This information can then be used to 
modify or redirect either the management or monitoring program if necessary, and to evaluate 
how much longer these efforts need to be continued.  It is essential to determine if additional 
monitoring should be initiated if the management activities change, since the existing monitoring 
protocol may not provide the best opportunity to evaluate the new or revised management 
program.  Annual review by the IT of both the management and monitoring actions that are 
being conducted will be necessary to ensure these programs are properly integrated and that the 
results are used to assess the progress in meeting the species and habitat stabilization goals.   
 
Monitoring and survey protocols to achieve the goals of the Makua IP 
Monitoring protocols are defined as a compendium of methods that are used together to collect 
information on the species, populations, communities, habitats, or alien species impacts of an 
area.  Elements of a monitoring protocol generally share a common sampling framework and 
data are collected as part of a single monitoring effort.   
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A set of seventeen protocols (see Table 4.2 below) has been developed for use in assessing the 
implementation of the IP and for determining if the management actions are meeting the goals of 
the plan.  Included in the set are several species or area survey protocols to be conducted since 
the results of these types of surveys often provide information that forms the basis for designing 
and implementing components of a monitoring program.  The protocols are organized in Table 2 
by specific management events that trigger one or more surveys or monitoring efforts.  This 
listing indicates the monitoring needs relative to various types of management actions including 
establishing and managing MUs, outplanting individuals as part of species augmentation or 
reintroduction projects, controlling alien species and other threats, and evaluating species 
distributions beyond the designated MUs. 
 
A basic premise of the IP monitoring protocols is that the sampling design, sampling 
methods, and data analysis methods are scientifically sound and will yield statistically valid 
results.  Field surveys and pilot studies will be used initially to provide more detailed 
information on the areas and variables to be sampled, to refine data collection methods, and to 
determine adequate sample size for monitoring.  Once a monitoring protocol is fully 
implemented, data will be collected and analyzed regularly, and the results provided to the 
IT and the U.S. Fish and Wildlife Service for the annual IP review process. 
 
A detailed description of each monitoring protocol is provided at the end of this chapter.  These 
summaries provide information on management goals, preliminary sampling objectives, target 
area to monitor, the monitoring framework, types of data to be collected, recommended data 
analysis methods, and proposed data collection intervals for each protocol.  These protocols 
should be used as the basis for designing and implementing specific monitoring efforts relative to 
the initiation of management actions specified in the IP. 
 
Of the seventeen monitoring and survey protocols, eight are required components of the IP, 
while the remaining nine protocols are recommended to be conducted.  Required monitoring 
protocols include evaluating the status of all PUs identified for management, the status of 
habitat quality in the MUs, surveys for invasive plants along disturbance corridors, success 
of outplanting and phytosanitation safeguards associated with the outplanting program. 
The remaining protocols that address general field surveys and efficacy of control for alien 
species are strongly recommended to be conducted as they will be extremely useful in both 
refining management methodologies and will expedite achieving the species and habitat 
stabilization goals. The impacts of management and monitoring activities on the habitats are of 
concern and will be addressed during annual adaptive management reviews. 
 
Designing, implementing, analyzing, and interpreting the results of a monitoring program 
of this magnitude is very complex.  For this reason it is essential to have a professional 
biologist with extensive monitoring and data analysis experience directly involved with all 
aspects of the monitoring program, particularly the design, data analysis, and 
interpretation steps.   
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Table 6.1  Summary of the Characteristics of Different Types of Data that may be Collected as Part of a 
Natural Resources Monitoring Program. 
Type of Data Description Sample Unit Data Analysis 
Presence/absence Any occurrence of a specific species (target 

native species or invasive weed) within a 
given area. 

Any given area that 
is surveyed. 

No statistical analysis needed; management response is 
triggered by any presence of the species in the area. 

Census (total 
population count) 

Total number of individuals in a given area. Any given area that 
is surveyed. 

No statistical analysis needed; management response is based 
on the total number of individuals found within the survey area. 

Frequency of plots Percentage of sampled plots that contain a 
specific species (either native target species 
or weed). 

Quadrat of a 
specific size. 

Contingency table analyses (e.g., Chi-square test, Fisher’s exact 
test; McNemar’s test, depending on the sampling design); also 
consider loglinear models. 

Percent of individuals 
by category  

The number of individuals of a given 
category type (e.g., vigor class or size class) 
per sampling unit. 

Quadrat of a 
specific size. 

Contingency table analyses (e.g., Chi-square test, Fisher’s exact 
test; McNemar’s test, depending on the sampling design) also 
consider loglinear models. 

Density Estimated number of counting units (e.g., 
trees, seedlings) per unit area. 

Quadrat of a 
specific size. 

Comparison of mean density using parametric tests (e.g., t-test, 
ANOVA – either independent, paired, or repeat measures) or a 
resampling analog of the parametric tests if normality is a 
problem. 

Cover Vertical projection of the vegetation onto the 
ground as viewed from above, recorded as 
absolute value or in ordered cover classes. 

Quadrat of a 
specific size. 

Comparison of mean cover using parametric tests or a 
resampling analog of the parametric tests if there is a problem 
with normality of data; use non-parametric rank tests for cover 
data collected in range classes. 

Size measurements Measurements taken using continuous data 
for any variable (e.g., dbh, stem length, shell 
size). 

Individual plant or 
animal. 

Comparison of mean size using parametric tests or a resampling 
analog of the parametric tests if normality is a problem. 

Mark/recapture Method to determine density of animal 
populations using data. 

Individual animal 
(e.g., snail, or rat). 

Various analysis methods for either open or closed populations.  
See Manly (1992) and Hadfield et al. (1993). 

Species richness or 
diversity 

Quantification of the number of species or 
number weighted by abundance for a given 
area. 

Any given area or 
community that is 
sampled. 

Produces an index value for species richness or diversity that 
can be used to compare between areas or times relative to 
management (Magurran 1988). 
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Table 6.2  Monitoring Protocols for Army Stabilization Efforts  Required monitoring 
protocols are indicated in bolded and italicized font. 
 
1. Management unit monitoring protocols 
 

1.1. Map vegetation types across the management areas 
1.2. Monitor alien species distribution and status in management units to guide 

management actions 
1.3. Monitor composition and structure of the vegetation within management units 
1.4. Evaluate alien plant control methods 

 
2. Population unit monitoring protocols 
 

2.1. Conduct field surveys for targeted native species 
2.2. Assess status and stability of plant populations  
2.3. Assess status and stability of Achatinella mustelina population units  
2.4. Conduct phytosanitation monitoring in greenhouse facilities 
2.5. Monitor in situ individuals to aid with the collection of propagules for reintroduction 

stock and for genetic storage 
2.6.  Conduct phytosanitation monitoring in the field  
2.7. Monitor success of outplanted individuals  

 
3. Monitoring protocols for areas outside management units 
 

3.1. Survey for target or other rare native species outside designated management units 
3.2. Conduct surveys and monitoring of alien plants and animals outside management units 
3.3. Survey for invasive plants along disturbance corridors 
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Attachment 1.  Glossary of terms used in the monitoring section 
 
Adaptive management – using results of monitoring and other information to refine the design, 
scope, or implementation of management actions or the monitoring program for an area or a 
species. 
 
Baseline survey – the first complete set of data collected for a monitoring program.  This initial 
survey should be conducted prior to the initiation of management actions (e.g., threat control, 
species reintroduction, etc.) in an area. 
 
Disturbance corridors – disturbed areas, such as roads, trails, fencelines, or transects that are 
routes of regular or occasional travel and are at high risk of being invaded by weeds introduced 
from vehicles, boots, packs, etc., as a result of human use of that pathway. 
 
Management goal – a general statement describing what should be accomplished if the 
management program is successful.  It addresses questions such as should the number of 
individuals in a native species population be increased or maintained at a certain level, or should 
invasive alien species be controlled or eliminated.  
 
Management objective – a clearly articulated description of a measurable standard, desirable 
state, threshold value, amount of change, or trend that you are striving to achieve for a particular 
plant population or habitat characteristic. Management objectives should include reference to 
several characteristics, including 1) identification of the species or habitat variable to monitor, 2) 
what sites to monitor, 3) the specific attributes to monitor (e.g., plant density, cover, frequency, 
etc.), 4) what the management needs to accomplish or achieve, 5) the degree of change or state 
that needs to be achieved, and 6) the timeframe for measuring and achieving the change or 
desired state. 
 
Matrix species – species that are dominant components of a plant community, including major 
tree, understory, and ground cover species that provide the basic vegetative structure of a habitat. 
 
Microsite – specific location of a planted individual or wild plant which includes a unique set of 
environmental characteristics (both biotic and abiotic) that may influence the growth or survival 
of the plant. 
 
Monitoring – the collection of data on characteristics of a population, a species, or a habitat 
(e.g., survival, growth, phenology, abundance, distribution, population structure, species 
composition or diversity, etc.) to evaluate change in those variables over time.  The results of 
monitoring are used to assess progress toward a predetermined management goal (e.g., species 
distribution, population stability, community diversity), to evaluate the efficiency or success of a 
management action (e.g., decrease or elimination of alien species impacts), or to identify new 
problems that may threaten the successful completion of a management objective. 
 
Monitoring method – a technique used to gather information on the characteristics of a variable 
as part of a program to monitor natural resources or alien species impacts.   
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Monitoring protocol – a collection of monitoring methods that are used together to collect 
information on the species, populations, communities, habitats, or alien species impacts of an 
area.  Elements of a monitoring protocol generally share a common monitoring framework and 
data are collected as part of a single monitoring effort. 
 
Non-parametric statistical method –technique that uses frequency, rates, ranked scores, or 
percentiles as the basis for analysis and does not assume that the population follows a normal 
distribution. 
 
Parameter – a quantity that describes or characterizes an attribute of a population.  Examples of 
parameters include the population mean, variance, or standard deviation,  
 
Parametric statistical method – analytical technique that assumes the population from which a 
sample is taken can be properly described by a mean and standard deviation, and further assumes 
that the population follows a normal distribution. 
 
Pilot study –  data collection in a scientific manner to test sampling design, data collection and 
analysis procedures, and to estimate basic parameters of the variables sampled.  The results of a 
pilot study are used to refine and possibly simplify the subsequent monitoring program, and to 
provide realistic estimates of the time and resources required to conduct the monitoring. 
 
Plant community – a spatial group of individuals of different plant species that generally 
overlap in their distribution within an area and share many similar habitat characteristics. 
 
Population unit – a group of individuals of a species that are in close spatial proximity to each 
other (i.e., less that 1000 m apart, as defined by the IT), and are therefore presumed to be 
genetically similar and capable of crossing for reproduction.  Generally members of a population 
unit share a common habitat and are equally subject to impacts from fire, alien species (e.g., 
ungulates or weeds), as well as major climatic events, such as hurricanes that may affect that 
local habitat. 
 
Quadrat – a unit area of a specific size in which data on one or more variables are collected.  
Quadrats are the basic sampling units for collecting data on frequency, cover, and density of 
plants or animals in a monitoring program. 
 
Resampling statistical methods – analytical techniques that can be used to calculate confidence 
intervals or perform significance testing on standard population parameters (e.g., population 
mean or standard deviation) without the requirement that the population follows a normal 
distribution.  Resampling methods are computer-intensive procedures that include 
randomization, bootstrap, and Monte Carlo techniques.  These methods compare population 
parameters or standard test statistics (e.g., t- or f-statistic, difference in means, etc.) from the 
sampled populations with the same statistics or parameters when all of the data values are 
pooled, mixed, and reselected (“resampled”) into the same number of sample populations as in 
the original sample, with or without replacement depending on the specific technique used.  
After resampling is repeated many (e.g., 10,000) times the value of the test statistic calculated 
from the original populations is compared with the test statistics from the resampled populations 
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to determine if the original result is typical or very different from the pooled and resampled data.  
The resulting calculated probability is believed to be a close approximation of the exact 
probability for that test. 
 
Sampling objective – an objective that relates specifically to assessing selected species, 
community, or ecosystem attributes as a means of measuring success or failure in meeting 
specific management objectives.  Sampling objectives specify what variables will be sampled, as 
well as the levels of statistical significance desired to determine if a change has or has not 
occurred or difference exists or not between sampling times or situations for comparison (Type I 
and II error levels), and the minimum amount of detected change that would be considered to be 
biologically significant 
 
Sampling unit – the base unit comprising a sample for data collection and analysis.  Sampling 
units may be plots, quadrats, transects, points, individual plants, etc.   
 
Sampling – in a general sense, sampling is often used to describe the process of collecting data.  
the same term also refers to the process of identifying a subset of individuals within a population 
from which data will be collected to characterize various attributes (e.g., distribution, size, cover, 
growth, vigor, etc.) of a population.  Sampling elements need to be chosen by a random selection 
process if they are to be used to infer characteristics of the population as a whole. 
 
Sampling framework – the logistical and analytical basis upon which a monitoring program is 
designed.  The sampling framework includes consideration of the number of data collection sites, 
how and where data collection sites are located, what information will be collected, and how the 
resulting data will be analyzed in order to assess meeting the management goals for an area. 
 
Statistical power – the probability that a particular statistical test will detect a change or 
difference of a given size, if such a change has in fact occurred.  A high value of power in this 
test indicates a greater likelihood of detecting a change or difference of a given size than a test 
result that indicates low power.  Statistical power is a function of the number of sample points, 
the variance of the resulting data, the alpha level of probability for the test (determined to 
minimize the chance of making a Type I error in interpreting the results), and the minimum 
difference or change you are willing to consider important from a biological and management 
perspective.  By conducting a power analysis you can determine the number of sample points 
needed to ensure statistical power at a specified probability level by supplying values for the 
population variance for each of the variables that are compared (estimated from a previous study 
or from a pilot study), the alpha probability for the test, and the minimum difference or change 
value you want to use when comparing the two sets of data. 
 
Survey – field work designed to provide general information on the distribution, abundance, or 
status of species, populations, communities, or habitats within an area.  In many cases a field 
survey is used to develop a catalog of the species and habitats within a specific area, but may not 
provide much detailed information on status and abundance of the species. 
 
Type I sampling error – the conclusion of statistical analysis that a change has taken place 
between the sampled populations when no real change has occurred.  A Type I error is also 
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called a “false change error.”  The probability of making a Type I error is labeled the P-value 
(probability) or alpha value in a statistical test.  Generally, an alpha level (probability value) less 
than 0.10 (i.e., <10% chance of a false change error) is considered to be statistically significant. 
 
Type II sampling error – the conclusion of a statistical analysis that no change has taken place 
between the sampled populations when a real change has actually occurred.  A Type II error is 
also called a “missed change error.”  The probability of making a Type II error is labeled the 
beta value in a statistical test.  The probability of not making a Type II error is 1 minus the beta 
value or the “power” of a statistical test.  As much as possible, the power of a statistical test 
should be at least 0.80 (80%) or greater, reducing the chance of making a Type II (missed 
change) error to less than 0.20 or 20%. 
 
Vegetation type or unit – generalized classification unit used to describe a plant community 
based on physiognomic characteristics (such as vegetation structure and life form) of the 
vegetation and/or dominant species composition.  An example of a vegetation unit would be  
“mesic ohia wet forest.” 
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6.2  Management Unit Monitoring Protocols 
 
*These protocols are taken directly from the Makua Implementation Plan (MIP). The Oahu 
Implementation Review Committee (OIRC) has determined these protocols to be applicable to 
the needs of the Oahu Implementation Plan (OIP). However, these protocols may change to 
adapt to the needs of the Army in the stabilization of the target taxa.  
 
Monitoring Protocol 1.1 - Map Vegetation Types Across the Management Areas 
 
Type of activity:  Survey 
 
Action:  Recommended as a component of the program to stabilize Oahu target taxa. 
 
Description:  Delineate the distribution of major plant communities within and adjacent to the 
Implementation Plan (IP) management units (MUs) based on aerial photograph and remote 
image analysis supported by field surveys.  The preliminary vegetation maps will be refined 
using field data on composition and structure of vegetation within the MUs from field surveys 
conducted under Monitoring Protocol 1.3.  
 
Applicable for:  Mapping the distribution of major plant communities within and immediately 
adjacent to the MUs.  
 
Management goal:  Ensure the plant communities within the MUs form a stable, native-
dominated matrix which will be able to support stable populations of the IP rare species. 
 
Survey objectives:  To define and map the distribution of the major plant communities within 
and adjacent to the MUs. 
 
Management response:  These maps will serve as the basis for stratification of management and 
monitoring activities in each of the MUs. 
 
Area to survey:  At a minimum, the vegetation maps will encompass all of the MUs and the 
areas immediately outside them, to at least 100 m beyond the MU boundaries.  If possible, a 
vegetation map will be produced covering the entire section of the Waianae Range that will be 
the general focus of the IP management actions, both inside and outside of the MUs. 
 
Mapping unit:  Minimum mapping unit will be 0.5 hectares where plant communities have 
well-defined boundaries.  However, highly complex units containing many different 
communities of small size may be combined into aggregate communities. 
 
Monitoring framework:   
 
1. Vegetation map preparation: Plant community boundaries will be initially determined using a 

combination of aerial photographs, remote imagery, and ground surveys as needed to cover 
all areas within the scope of the vegetation map.  Information collected from vegetation plots 
as described in Monitoring Protocol 1.3 (Chapter 4.1) will also be used to determine the 
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composition and structure of the mapped units.  Plant communities will be defined following 
the National Vegetation Classification System and integrated with the vegetation mapping 
efforts of the Hawaii GAP Analysis Program. 

 
2. Accuracy testing of the resulting vegetation maps:  Following completion of the preliminary 

vegetation maps, an accuracy check will be made of the classification and distribution of the 
resulting map units following the validation protocol developed by the Hawaii GAP Analysis 
Program.  This will involve an independent assessment of the plant community at random 
locations identified throughout the mapped area.  A minimum of 30 assessment plots will be 
located for each of the mapped plant community types. 

 
Data to collect: 
 
1. Vegetation map preparation:  The distribution boundaries of each mapped unit will be 

determined from examination of aerial photographs, remote sensing imagery, and field 
surveys.  The plant community type in each of the mapped units will be identified following 
the National Vegetation Classification System. 

 
2. Accuracy assessment of the resulting vegetation maps:  At each of the randomly located 

validation plots we will determine the appropriate vegetation classification unit 
independently of how it was mapped.   

 
Data analysis methods:  The only data analysis associated with this protocol will be an 
accuracy assessment of the resulting vegetation map.  The accuracy assessment will be 
conducted by comparing the mapped vegetation classification units at a random sample of points 
across the mapped landscape with the actual vegetation classification units based on a post-
mapping field analysis.  We will strive to achieve a mapping accuracy level of at least 80%.   
 
Data collection interval:  The vegetation maps will be prepared during the first two years of 
implementing the IP.  We recommend a reassessment of the status and distribution of the 
mapped plant communities every 10 years. 
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Monitoring Protocol 1.2 – Monitor Alien Species Distribution and Status Within 
Management Units 
 
Type of activity:  Monitor 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct a pilot study and implement a monitoring program for alien plant and 
animal species throughout the MU.  Assess their distribution and frequency relative to the 
management targets defined for each population unit (PU) (see Chapter 2: Species Stabilization 
Plans, and Section 1, Chapter 7: Threat Assessments) and as designated in the Alien Species 
Control Plans which will be developed for each MU.  Rodent species sampling and analysis 
procedures were adapted from those used by the US Dept. of Agriculture, Animal & Plant Health 
Inspection Service (Campbell, pers. comm. 2000). 
 
Applicable for: Assessment of distribution and status of alien species within the MUs and in the 
vicinity of the PUs. 
 
Management goal:  Manage the alien plant and animal species to or below the designated target 
levels.  
 
Preliminary sampling objectives:   

1. Be 90% certain that the frequency or cover for each of the target alien species is equal to 
or less than the designated levels.   

2. Identify any invasive alien species not previously considered to be a threat to the MU or 
not properly designated for management. 

 
Management response:  If the frequency or cover of any of the targeted alien species is greater 
than its specified acceptable level: 1) assess if satisfactory progress is being made to achieve that 
goal and continue management if this is the case, or 2) increase control effort.  If the frequency 
or cover of targeted alien species is below the specified acceptable level, continue with the 
current management program or determine if management effort can be reduced and still meet 
the control target. 
 
Area to monitor:  The primary focus will be to monitor alien plant and animal species 
throughout the MUs and within the vicinity of the PUs. 
 
Pilot studies:  It is important to emphasize that the suggestions that follow regarding monitoring 
framework, data to collect, and data analysis methods are preliminary suggestions that need to be 
developed following completion of pilot studies in the PUs and MUs.  Pilot studies will be used 
to collect data that will be used to refine the protocol relative to variables which will be sampled, 
plot size and shape, sampling framework, number of samples to be taken, monitoring interval, 
and data analysis methods to be used. 
 
Sample unit:  Groups of quadrats located along transects established throughout the MU, 
stratified by plant community and/or topography. 
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Monitoring framework:  Alien species status throughout a MU will be addressed using either a 
systematic sample (with random start) or random sample of the MU, post-stratified by plant 
community and/or topography (i.e., ridge, gulch, etc.).  While the primary sampling universe will 
include the combined population area for all of the target taxa found within the MU, sampling 
will extend to the outer edge of the MU. 
 
If using a systematic sampling framework, sampling will be conducted along a series of transects 
established throughout the study area with a minimum distance of from 100 and 500 m between 
adjacent transects.  Transects will be oriented so they run in a mauka-makai (uphill to downhill) 
direction as practical.  The first transect will be located randomly along the starting edge of the 
MU then the remaining transects will be established 500 m to either side of the reference transect 
following the same azimuth as the reference transect.  In MUs with steep topography transects 
may have to follow either a ridge top or gulch bottom without regard to following a consistent 
azimuth.  However, in these situations, it is important that an adequate number of transects and 
sampling points are located in each of the different vegetation types and habitats (i.e., 
topographic position) within the MU. 
 
Two different sampling configurations will be established along the transects to allow for 
collection of several different types of data: 
 

1. A continuous series of 3 m-wide quadrats well be established at 10 m intervals along 
each transect for collection of information on invasive weed species frequency and 
ungulate presence and to assess native and alien species ground cover. 

 
2. The 100 m interval points will be marked along each transect to serve as sampling points 

for collection of data on rodent populations. 
 
If using a random sampling framework, sampling points will be randomly located throughout 
each of the major plant communities found within the MU using a random coordinate generator 
with ArcView GIS, with a minimum distance of 20 m between points to maintain independence 
of samples.  A quadrat will be established at each of the sampling points (size and shape to be 
determined from the pilot studies) which will be used to collect data on the presence of invasive 
plant species and to assess native and alien  plant species ground cover.  The location point for 
the quadrat will also be used to sample rodent populations. 
 
Data to collect: 
 
1. Alien plant species – presence of all alien plant species will be recorded in each of the 3x10 

m quadrats located in a continuous belt along each transect within the MU.  For alien plants 
that are of particular concern (i.e., on the invasive species list), also record the cover class for 
that species as defined in the following table.   
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Cover Class Cover Range 

0 not present 
1 >0 – 10% 
2 >10 – 20% 
3 >20 – 30% 
4 >30 – 40% 
5 >40 – 50% 
6 >50 – 60% 
7 >60 – 70% 
8 >70 – 80% 
9 >80 – 90% 
10 >90% 

 
2. Rodent sampling – For monitoring rodent populations relative to a PU, trapping stations will 

be established in a 25x25 m grid pattern along parallel transects, centered within a PU.  The 
sampling framework needs to extend 50 m beyond the PU boundary.  Trap stations consist of 
one rat snap trap placed 0.5 - 1.5 m up on a tree trunk, a snap rat trap secured to the ground 
with a wire flag, and a snap trap secured to the ground with a wire flag.  Traps should be 
placed logically (e.g., in a manner that will lead to trap success) in the general vicinity of a 
trap station.  Traps initially should be left unset and shredded coconut (pre-bait) should be 
scattered along transects to acclimate the rodents to the intended trap bait.  Traps are then 
baited with coconut chunks prior to sunset and checked at dawn for four consecutive days 
during the sampling period.  All carcasses captured should be collected, labeled, and brought 
to a laboratory for species identification.  The status of traps without captures should be 
recorded to account for operational versus inoperable (broken, tripped, or intact traps without 
bait) in calculating a corrected index of trap success.   

 
3. Ground cover sampling – Ground cover sampling will be conducted in each of the 3x10 m 

quadrats starting at the 100 m point along each transect, or in a subset of quadrats in each 
plant community if using a random sampling design.  In this case the combined cover for 
native species and the combined cover for alien species within the quadrat will be estimated 
to the nearest 10% (or nearest 1% if less than 10% cover).   

 
Data analysis methods: 
 
1. Alien plant species 

 
a. The average number of all alien species, as well as invasive alien species, per quadrat 

will be compared between adjacent sampling periods to track changes in alien species 
relative to management actions within the MU.  Since it is expected that the resulting 
data will not follow a normal distribution, comparisons will be made utilizing a 
resampling statistical method without replacement.  Actual comparisons will be made 
on the difference in number of alien species recorded in a specific quadrat at 
subsequent sampling periods. 
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b. Frequency data for individual species will be analyzed using a contingency table with 
subsequent sampling periods compared using McNemar’s test for repeat sampling 
design.  

 
2. Rodent sampling - From the field trapping results, a corrected index of trap success 

(corrected percentage trap success) is calculated.  This index calibrates for tripped or broken 
traps that can cause sampling bias when total rodent captures are compared between transects 
or sites (e.g. trap success and trap tripping can vary greatly between sites).  The index rates 
trap success between 0  - 100%, with 0% indicating low trap success (no rodent captures) and 
100% indicating high trap success (all operable traps captured rodents). Total rodent captures 
by species are tallied for each group of sampling points for each trap day and for trap days 1-
4 combined.  This data are used to determine the percentage rodent species composition for 
transect or group of sampling points.   

 
3. Ground cover sampling - Differences or change is ground cover for both native and alien 

species will be assessed by comparing mean cover within the different groups for each strata 
of quadrats within the MU.  If the resulting data follow a normal distribution, independent t-
tests and paired t-test analyses will be used.  If the distribution is found to be non-normal, 
mean cover and difference in mean cover will be analyzed using resampling techniques. 

 
Data collection interval:  Data should be collected annually on alien species distribution and 
cover throughout each MU.  Sampling should always be conducted at the same time of year for 
each MU, as long as it can be analyzed prior to the annual meeting of the Implementation Team 
(IT). 
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Monitoring Protocol 1.3 – Monitor Composition and Structure of the Vegetation Within 
Management Units 
 
Type of activity:  Monitor 
 
Action:  Recommended as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct pilot studies and implement monitoring program to assess changes in 
composition and structure of the major vegetation units within MUs.  Data to be collected 
include species composition, vegetation structure, and population structure of selected matrix 
plant species for each major plant community within MUs.  This information will be useful in 
determining the long-term stability of these vegetation units as a habitat for the target plant taxa. 
 
Applicable for:  Assessment of the status and stability of native plant communities within a MU. 
 
Management goal:  Ensure the plant communities within the MUs are stable and native-
dominated. 
 
Preliminary sampling objectives:  1) Be 90% certain that average native species cover within 
the MU is >50%, and >75% within the proximity of all of the target taxa PUs found there.  2) 
Assess selected native matrix species of plants to determine if their population structure is 
indicative of long-term stability through replacement of older senescent plants by younger plants 
over time. 
 
Management response:  If native species cover targets are not met for the MU as a whole or 
within the proximity of the rare species PUs, 1) assess if satisfactory progress is being made to 
achieve that goal and continue management if this is the case, 2) increase control effort, or 3) 
consider other threat control methodologies if control impacts to native species or habitat are 
unacceptable.  If the native species cover targets are met, continue with the current management 
program or determine if management effort can be reduced and still meet the control target.  In 
all cases assess the need for additional native species restoration. 
 
Area to monitor:  Throughout the MUs. 
 
Pilot studies:  It is important to emphasize that the suggestions that follow regarding monitoring 
framework, data to collect, and data analysis methods are preliminary suggestions that need to be 
developed following completion of pilot studies in the PUs and MUs.  Pilot studies will be used 
to collect data that will be used to refine the protocol relative to variables which will be sampled, 
plot size and shape, sampling framework, number of samples to be taken, monitoring interval, 
and data analysis methods to be used. 
 
Sample unit:  Data will be collected in a set of quadrats (size to be determined during pilot 
study), located along transects or randomly established throughout the MU, stratified by plant 
community and/or topography. 
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Monitoring framework:   
 

1. Will be addressed using either a systematic sample (with random start) or random sample 
of the MU, post-stratified by plant community and/or topography (i.e., ridge, gulch, etc.).  
This sampling framework will be the same as that used in Monitoring Protocol 1.5.  
However different sized plots and numbers of plots will be used to monitor population 
structure of the plant communities in this protocol. 

 
2. If using a systematic sampling framework, sampling will be conducted along a series of 

transects established throughout the study area with a minimum distance of from 100 and 
500 m between adjacent transects.  Transects will be oriented so they run in a mauka-
makai (uphill to downhill) direction as practical.  The first transect will be located 
randomly along the starting edge of the MU then the remaining transects will be 
established 500 m to either side of the reference transect following the same azimuth as 
the reference transect.  In MUs with steep topography transects may have to follow either 
a ridge top or gulch bottom without regard to following a consistent azimuth.  However, 
in these situations, it is important that an adequate number of transects and sampling 
points are located in each of the different vegetation types and habitats (i.e., topographic 
position) within the MU. 

 
3. The 50 m interval points will be marked along each transect to serve as sampling points 

for collection of data on rodent populations and to assess native and alien species ground 
cover.  These points will form the pool from which locations for sampling the different 
vegetation units in approximately 10 m-wide by 20 m-long quadrats (size of quadrat will 
be determined with data from the pilot studies) will be chosen.  Initially 10 quadrat 
locations will be randomly selected for each of the plant communities found in the MU 
from the group of 50 m points along the transects for establishing vegetation sampling 
plots.  If there are not at least 20 locations for plots identified for each plant community 
within the MU from which 10 sampling plots can be chosen, additional transects and 
potential plot locations may be added as needed. 

 
4. If using a random sampling framework, sampling points will be randomly located 

throughout each of the major plant communities found within the MU using a random 
coordinate generator with ArcView GIS, with a minimum distance of 20 m between 
points to maintain independence of samples.  A quadrat will be established at each of the 
sampling points (size and shape to be determined from the pilot studies) which will be 
used to collect data on plant species composition and structure 

 
Data to collect: 
 
4. Species list for the plot – All vascular plant species found within the plot or within 5 m of the 

plot boundary will be recorded to help with the preparation of a comprehensive list of species 
for the different vegetation units within a MU.  

 
5. Understory species cover will be sampled using the pole-intercept method at 0.5 m intervals 

along a series of transects established within the quadrat.  With this technique, a thin 2 m tall 
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metal or plastic pole is placed vertically on the ground at a sampling point along the transect.  
Record any plant species that touches the pole with either vegetative or floral material in the 
following height classes:  0 – 0.5, >0.5 – 1 m, >1 m – 2 m, >2 m.  More than one species can 
be recorded for a given height class if they touch the pole. 

 
6. Woody species counts – All woody plants <5m stem length in up to each of eight 5x5 m 

subplots within the quadrat will be counted and recorded by stem length class in size classes 
as specified below: 

 
Stem Length 

Class 
Size Range in cm 

1 >10 cm – 50 cm 
2 >50 cm – 2 m 
3 >2 m – 5 m 
4 > 5 m 

 
Data analysis methods: 
 
1. Total native and alien species cover – Average native and alien species cover of each layer 

will be calculated for quadrats sampled in each plant community and comparisons made 
between values for the different monitoring periods to determine if native species cover 
meets the target levels specified in the IP. 

 
2. Understory species composition and diversity – A simple species richness index for native 

and alien species will be calculated for each quadrat based on the species list data.  The 
indexes for each plant community sampled within the MU will be averaged to determine a 
richness index for each plant community.  Comparisons will be made using the native and 
alien species richness values between monitoring periods using a paired t-test or resampling 
equivalent test when two times are being compared for the same area.   

 
3. Woody species counts – Data collected on number of woody species in different size classes 

will be used to develop population structure (stage) models for the species using a program 
such as RAMAS Stage.  This information will allow for an evaluation of the stability of the 
population structure for key native species that form the matrix of the habitat for the 
stabilization of the IP target species. 

 
All of the information collected in the vegetation sampling plots will also be used to better 
describe the composition and characteristics of the major plant communities found within each 
of the MUs as described in Monitoring Protocol 1.1. 
 
Data collection interval: Vegetation plots should be first monitored when a MU is established 
in the field and thereafter every three years.  Sampling should always be conducted at the same 
time of year for each MU, as long as it can be analyzed prior to the annual meeting of the IT.  
The IT will determine the need to change the monitoring interval or if the monitoring can be 
terminated for a given MU based on the results of the data analysis. 
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Monitoring Protocol 1.4 – Evaluate Alien Plant Control Methods 
 
Type of activity:  Monitoring 
 
Action:  Recommended as a component of the program to stabilize Oahu target taxa. 
 
Description:  Assess change in alien plant distribution and abundance relative to control actions.  
This monitoring protocol is designed to assess the efficacy of the current alien plant control 
methodology.  Monitoring only needs to be conducted in a few areas as the alien plant control 
program is being implemented.  The monitoring program may be discontinued if the results of 
the monitoring show the alien plant control methodology is effective. 
 
Applicable for:  Assessment of efficacy of alien plant population levels relative to control 
methods for achieving the designated alien species target levels (see Section 1, Chapter 10: 
Long-term Threat Management Goals in Management Units). 
 
Management goal:  Be assured that a specific alien plant species control methodology will 
result in a significant decrease in the frequency and cover of the target species. 
 
Preliminary sampling objectives: 1) Be 90% certain that the frequency and cover of controlled 
alien plant populations are significantly lower than values for these variables in the paired, non-
controlled sites. 2) Provide information that can be used to evaluate and modify alien species 
control strategies, such as rate of alien tree species removal and the need for restoration with 
common native species. 
 
Management response:  If the population frequency and cover for a targeted alien plant species 
within a controlled portion of a MU is greater than the target goals in Section 1, Chapter 10: 
Long-term Threat Management Goals in Management Units, intensify control actions to further 
reduce the targeted alien plant species population. 
 
Area to monitor:  Alien plant control monitoring will be conducted in portions of areas where 
alien plant species are being controlled.  Each alien plant control area that is monitored will be 
paired with another area in close proximity that has comparable habitat and is not the subject of 
control.  
 
Pilot studies:  It is important to emphasize that the suggestions that follow regarding monitoring 
framework, data to collect, and data analysis methods are preliminary suggestions that need to be 
developed following completion of pilot studies in the PUs and MUs.  Pilot studies will be used 
to collect data that will be used to refine the protocol relative to variables which will be sampled, 
plot size and shape, sampling framework, number of samples to be taken, monitoring interval, 
and data analysis methods to be used. 
 
Sample units:  3x5 m quadrats located along parallel transects established through the 
monitoring area and through a paired non-control area. 
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Monitoring framework:   
 

1. Monitoring will be conducted in 3x5 m quadrats located at random points along transects 
established through the monitoring area and also through a paired non-control area.   

 
2. Parallel transects 25 m apart (or modified to fit the terrain) will be established with a 

random starting point in each of the monitoring areas.  To select the first reference 
transect, on a map establish a baseline running along the long axis of the control area, 
marking potential transect starting locations at 5 m intervals.  Randomly choose one of 
these transect starting points as the reference transect then systematically establish 
parallel transects at 25 m intervals on either side of the reference transect.  To select the 
quadrat sampling points, mark potential locations at 5 m intervals along all of the 
portions of the transects that run through the alien plant control area.  From this pool of 
potential quadrat locations, select 50 points randomly that will be the start points for the 3 
m wide by 5 m long quadrats that will be monitored.  Use this same procedure to select 
transects and plots in the adjacent, non-controlled area.  The same quadrats will be 
sampled for each monitoring cycle. 

 
Data to collect:  Record the presence of the targeted alien plant species in each of the 3x5 m 
quadrats and also record the modified Braun-Blanquet cover class for that species as defined in 
the following table. 
 

 
Cover Class 

 
Cover Range 

Combined 
Area for Class 

0 not present not present 
1 >0 – 1% 0.15 m2 

2 >1 – 5% 0.75 m2 
3 >5 – 10% 1.5 m2 
4 >10 – 25% 3.75 m2 
5 >25 – 50% 7.5 m2 
6 >50 – 75% 11.25 m2 
7 >75 – 90% 27.0 m2 
8 >90% >13.5 m2 

 
 
Data analysis methods: 
 

1. Frequency data will be compared between subsequent sampling periods for each of the 
monitored areas (alien plants controlled and alien plants not controlled), using a 
contingency table with a paired quadrat design (McNemar’s test).  Comparison of plant 
frequency between the controlled and non-controlled areas will be conducted using 
standard contingency table analyses (Chi-square or Fisher’s exact test). 

 
2. Modified Braun-Blanquet cover class comparisons will be made using the Mann-Whitney 

test for the non-paired design, and the Wilcoxon signed rank test for the paired design. 
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Data collection interval:  Alien plant control monitoring should be conducted prior to and 
monthly during the active control period for each of the paired transect sets.  If the monitoring 
results show that alien plant control methodology is successful in reducing frequency and cover 
of the target, this monitoring can be discontinued. If the control methodology is modified, the 
monitoring protocol should be reinitiated 
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6.3  Population Unit Monitoring Protocols 
 
*These protocols are taken directly from the Makua Implementation Plan (MIP). The Oahu 
Implementation Team (OIT) has determined these protocols to be applicable to the needs of the 
Oahu Implementation Plan (OIP). However, these protocols have been modified to be applicable 
to target plant taxa, Achatinella species, and the Oahu Elepaio. 
 
Monitoring Protocol 2.1 – Conduct Field Surveys for Targeted Native Taxa 
 
Type of activity:  Survey 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct field surveys to determine distribution and general abundance of target 
taxa within a management unit (MU) or in areas outside existing MUs. 
 
Applicable for:  Target plant taxa, Achatinella species, and Oahu Elepaio. 
 
Management goals:  Assess known populations of target plant and snail taxa for current status 
and search for new populations to assist in determining management actions needed to reach taxa 
stabilization goals. 
 
Survey objectives:  To find new populations or to relocate historical populations of critically 
rare taxa by surveying appropriate habitat or former rare plant, snail, or bird location sites. 
 
Management response:  If target plants, snail, or bird populations are discovered, 1) map 
population, 2) reassess the stabilization plan (SP) for that taxon to select a population designation 
(manage to stability or manage for genetic storage collection), 3) carry out appropriate 
management based on designation of the population.   
 
If no plants or snail populations are discovered:  1) determine if more surveys are necessary, 2) 
consider modifying or expanding surveys, or 3) determine if the SP needs to be modified. 
 
Area to survey:  Systematic survey of appropriate habitat for the target taxa.  Appropriate 
habitat should be determined through experience with existing populations of target taxa, 
researching historical locations and herbarium specimen descriptions.  Search for associated 
taxa, elevation, and physical site characteristics.  Use of binoculars is recommended to improve 
search efficiency and range for plant taxa. 
 
Monitoring framework:  Either of several survey strategies may be used to survey for target 
taxa. 
  
1. Systematic survey: For use in searching a new area for a target taxon.  Sample systematically 

in appropriate habitat, documenting survey routes so as not to duplicate effort on a future 
day. 
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2. Cluster sampling: For use in searching historical locations or to locate additional individuals 
within the vicinity of a known target population.  Search appropriate habitat near location 
with focus first on habitat contiguous with plants, snails or bird populations or historic point 
location.  If plant taxa could have a persistent seed bank, search not only for mature 
individuals but pay special attention to ground cover of forest where seedlings of the target 
taxa may be found. 

 
Data to collect: 
 
1. Survey route - accurately map survey route taken using either Global Positioning System 

(GPS) or manual mapping (altimeter and hard copy map). 
 
2. Survey effort - record information on number of people on survey team and start and end 

times for each survey. 
 
3. Location of population - map exact location of target taxa using either GPS or manual 

mapping. 
 
4. Data collected on individuals or population - collect information using the Hawaii rare plant 

recovery group (HRPRG) rare plant monitoring form (see Section 3, appendix 2.3) or 
appropriate data for snail and elepaio populations. 

 
5. Voucher specimens - make voucher collections of plants but only if needed to identify or 

document a taxon in a particular location.  Collection of listed taxa can be made only with 
appropriate federal and state permits. 

 
Data analysis methods:  No statistical analyses are needed for this protocol.  Information 
collected on the survey routes and on the individuals or populations of mitigation species located 
will be entered into the project Geographical Information System (GIS) and database.  The 
results of these surveys will be used to develop more detailed population monitoring strategies 
for the specific taxa and populations located. 
 
Data collection interval:  These surveys are conducted as needed.  For some plant taxa 
surveying during likely times of flowering may increase the chances of detecting more 
individuals. For the Oahu Elepaio surveying during the appropriate seasons will also aid in 
finding birds and determining pairs. 
 
 
Monitoring Protocol 2.2 – Assess Status and Stability of Plant Population Units 
 
Type of activity:  Monitoring 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct initial baseline survey and continuing monitoring program for target taxa 
within a population unit (PU) to assess its status relative to the stability goal identified for that 
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taxon.  Additionally, determine if the demographic structure of this population will be able to 
support a stable population over time.  Data are collected on the distribution, abundance, status 
(vigor), population structure, and phenology of plants sampled, as well as evidence of damage by 
alien animal species (ungulates, rats, slugs, etc.) within the identified PU. 
 
Applicable for: In situ plant PU, augmented plant PU, or reintroduction PU after individuals 
achieve reproductive maturity (Chapter 4.3). 
 
Management goal:  Manage this specific PU to achieve the specified number of mature, 
reproducing individuals and duration as specified for that taxon in the species SP (Chapter 2).   
 
Preliminary sampling objectives:   
 
1. Be 100% certain that the number of mature plants capable of reproduction in the PU is equal 

to or greater than the minimum number specified to achieve stability for that taxon as 
specified in the SP. 

 
2. Determine if demographic structure of target PU appears to be adequate to sustain a viable 

population of this taxon over time based on comparison of number of individuals in life-stage 
classes with predicted model of a stable population for this taxon. 

 
Management response:  If population stability is not achieved, one or more of the following 
responses are appropriate: 1) continue with the same management program for a longer time, 2) 
intensify threat control, or 3) implement species augmentation (see triggers for initiating an 
increase in management or augmentation, Section 1, Chapter 9.4:  Sequencing of Actions). 
 
Area to monitor:  Systematic survey of all of the individuals in a given PU.  Individuals must be 
within 500 m of another plant of the same taxon to be considered to be part of that PU. 
 
Pilot studies:  It is important to emphasize that the suggestions that follow regarding monitoring 
framework, data to collect, and data analysis methods are preliminary suggestions that need to be 
developed following completion of pilot studies in the PUs and MUs.  Pilot studies will be used 
to collect data that will be used to refine the protocol relative to variables which will be sampled, 
plot size and shape, sampling framework, number of samples to be taken, monitoring interval, 
and data analysis methods to be used. 
 
Sample unit:  Quadrat for regeneration classes; entire area census for mature plants. 
 
Monitoring framework:  Either of several survey strategies may be used initially to establish 
the monitoring framework for this protocol.  Continue to use that strategy for subsequent 
monitoring of the population.  Size and shape of sample quadrat is determined from the results of 
the pilot study. 
  
1. Census of mature plants in PU.  All mature individuals within a PU will be located and data 

collected as specified below. 
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2. Systematic survey: Establish a grid of contiguous quadrats encompassing the entire 
distribution area of the PU.  In this case each quadrat is the sample unit for data analysis. 

 
3. Cluster sampling: Conduct a generalized search of the PU area focusing on suitable 

microsites for the target taxa.  When individuals are found, establish a quadrat centered on 
the plant or plants found.  Establish additional 10 x 10 m quadrats immediately adjacent to 
the central quadrat and collect data on the plants found within each new quadrat.  Do not 
establish new quadrats adjacent to quadrats that do not contain the target taxa.  Each quadrat 
is the sample unit for data analysis. 

 
4. Other sampling designs:  In some cases it may be impossible to establish a systematic 

quadrat framework in the field due to extremely steep terrain.  In those situations an 
appropriate design will be developed that allows for a repeatable sampling strategy that will 
provide the data necessary to evaluate the monitoring goals for this taxon. 

 
For subsequent monitoring, continue with the same sampling design and quadrats as used for the 
initial baseline survey.  In either case, establish new quadrats as needed if new plants are found 
outside the original sampling area. 
 
Data to collect:  The fields described below are included in the HRPRG’s Rare Plant Field Data 
Form which may be used for data collection in this monitoring protocol (see Section 3, Appendix 
2.3). 
 
1. Location of individuals – this would be quadrat number if sampling conducted along 

contiguous-plot belt transect, or GPS coordinates (UTM Zone 4, NAD 83 datum base) if 
using cluster sampling strategy.  Some of the individuals in the population may be uniquely 
identified and tagged to help with collection of propagules for the ex situ program, or to 
allow for the collection of data on the progress of individuals through size or stage classes.  
Where GPS points cannot be used to locate individuals, the position of individuals will be 
hand-drawn in relationship to local landmarks and topography. 

 
2. Number of individuals in the following life-stage classes as defined for each taxon in the 

species SP: seedlings/sporlings; immature individuals; and reproductively mature 
individuals.  Each of these classes must be determined for each taxon or life form of plant.  
For most PUs, all of the mature plants will be located and counted.  However, the number of 
individuals in the non-reproductive classes may be counted in only a random sample of 
quadrats (with the number of quadrats determined based on the results of the initial baseline 
survey). 

 
3. Vigor of all individuals in the following classes:  healthy – foliage appears green and 

vigorous, less than 10% dead leaves or defoliation; moderate – some chlorosis may be seen 
in the leaves, 10-50% dead leaves or defoliation; poor – most leaves may be dead or 
chlorotic, 50% dead leaves or defoliation; dead – no live foliage or woody tissue.  Some 
modification of these classes may need to be made for deciduous taxa, such as Sanicula. 
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4. Evidence of damage from alien animals:  data will also be recorded on the presence of sign 
of damage on the sampled plants from alien animals, particularly ungulates, rats, or slugs.   

 
5. Phenological stage:  record data on the presence of buds, flowers, immature fruits/spores, 

mature fruits/spores, or vegetative state for each plant, or if the plant is vegetative, or 
dormant.  This information will be summarized for the population as a whole. 

 
6. Survival and growth of marked individuals:  A random subset of plants in all size classes will 

be mapped and marked in selected PUs and data collected on their growth and status using 
the formats described above.  Sample size needs to be determined from a pilot study.  This 
information will be used as the basis for conducting population demography studies for the 
various plant taxa. 

 
Data analysis methods: 
 
1. In many cases all of the mature individuals within a PU will be enumerated so direct 

comparisons of the resulting numbers will be made with the specified population goal.   
 
2. If non-mature plants are counted in only a random sample of the quadrats the number of 

plants in a particular stage class per quadrat will be the basis for determining the density of 
plants for comparisons over time.  Data analysis will be performed using a parametric or 
resampling design paired t-test when the comparisons take the form of Time 1 vs. Time 2.  
For comparisons of multiple times or areas regression analysis will be used. 

 
3. The data on survival, growth, and status of the marked individuals will be analyzed using an 

appropriate demographic program (e.g. RAMAS/stage) to evaluate current and projected 
status of this population. 

 
Data collection interval:  Data should be collected on the status of each PU annually.  It would 
be ideal if data collection could coincide with time of fruiting by the plants to better evaluate 
seed set and to allow for collection of additional propagules, if needed, at the same time.  In any 
case data should always be collected at the same month of the year for a specific PU.   
 
 
Monitoring Protocol 2.3 – Assess Status and Stability of Achatinella Populations 
 
Type of activity:  Monitor 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct regular monitoring program for Achatinella species within a population 
to assess its status relative to the stability goal identified for that taxon in the SP.  Additionally, 
the monitoring data will provide for an assessment of population structure of the snail 
populations. 
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Management goal:  Manage the specific populations to achieve the specified number of 
individuals of Achatinella as identified in the SP for this taxon. 
 
Preliminary sampling objectives:   
 
1. Be 95% certain that the total number of snails in the population is equal to or greater than the 

minimum number specified to achieve stability for that taxon as specified in the SP. 
2. Determine if the demographic structure of the population appears to be adequate to sustain a 

viable population of this taxon over time. 
 
Management response:  If population stability is not achieved, one or more of several responses 
are appropriate: 1) continue with the same management program for a longer time, 2) intensify 
threat control, or 3) implement species augmentation if deemed necessary. 
 
Area to monitor:  Systematic survey the entire area of a population.  
  
Sample unit:  Most of the population monitoring will be conducted within discrete snail MUs 
that are enclosed with a mammal (ungulate and rodent) and mollusk-proof barrier.  In some cases 
where it is impractical to construct a barrier fence, the population boundary will be marked with 
survey flagging and permanent aluminum or PVC posts to facilitate repeated surveys of the same 
area each time. 
 
Monitoring framework:  The population, which in most cases is delineated by a rodent and 
snail-proof fence, will be divided into equally sized subquadrats, approximately 5 x 5 m in size.   
 
Data to collect: 
 
1. The only reliable method for determining densities of tree snails in any location is the 

multiple mark-recapture technique.  This method has been successfully employed for 
populations of Achatinella mustelina at Puu Palikea, Kanehoa and Pahole, as well as with 
other Hawaiian tree snails (Hadfield, et al. 1993).  During each monitoring cycle, each 
subquadrat within the population will be searched by 3 – 4 persons for approximately 50 – 60 
minutes.  All live snails found will be removed from the trees and held in screened boxes 
placed in damp shade.  Each new, unmarked snail will be coded with waterproof ink.  The 
length and width of each snail will be measured with calipers to 0.01 mm.  Adult snails will 
be noted on the data sheet.  After all of the snails from a tree or quadrat are marked and 
measured, they will be returned to the tree or subquadrat from which they were collected. 

 
2. The shells of all dead snails will also be collected from the ground within the quadrat at the 

start of each visit.  These shells will be sorted into size classes, numbered shells recorded, 
and damage due to rat predation noted.  

 
Data analysis methods: 
 
1. An analysis of growth rate provides the basis for estimating the age of a snail from its shell 

length (Hadfield et al, 1993).  Growth rate will be analyzed by fitting the logistic growth 
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curve to the data, then estimating the slope and intercept using a Ford-Walford linear 
regression. 

 
2. Mark-recapture analyses will be used to estimate the total number of snails in each 

population, and within each year class.  Details of how this analysis is applied to estimating 
the population size of Achatinella are found in Hadfield et al. (1993). 

 
3. In addition to a minimum number or snails, healthy populations of achatinelline tree snails 

also must include all size classes in a fairly typical distribution dominated by snails in the 
first-year size class (i.e., 4.5 – 10 mm shell length) and the terminal size class (roughly 20 
mm for A. mustelina but varying in different populations; see Hadfield et al. 1993).  Using 
the population estimate and the age and size class data from the field surveys, a population 
structure analysis will be conducted for the population each time it is sampled. 

 
Data collection interval:  Data should be collected on the status of each population at least 
annually, but more frequent surveys may be necessary, particularly when a new MU is 
established. 
 
 
 
Monitoring Protocol 2.4- Assess Status and Stability of Oahu Elepaio Populations 
 
Type of activity:  Monitor 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct regular monitoring program for Oahu Elepaio (Chasiempis sandwichensis 
ibidis) populations to assess its status relative to the stability goal identified for that taxon in the 
SP. Consistent predator control programs for elepaio appear to restore mate fidelity, site fidelity, 
female age structure, and female recruitment age to more natural conditions.  Additionally, the 
monitoring data will provide for an assessment of population structure of the elepaio populations 
and the success of the predator control program. 
 
Management goal:  Manage the specific populations to achieve the specified number of 
individuals of elepaio as identified in the SP for this taxon. 
 
Preliminary sampling objectives:   
 
1. Determine the success or failure of each mating pair during the breeding season and female 
survivorship to evaluate the success of the predator control techniques utilized in the PU.   
 
2.  Determine if the demographic structure of the population appears to be adequate to sustain a 
viable population of this taxon over time.  
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Management response:  If the population is not increasing with active predator control, one or 
more responses are appropriate: 1) continue with the same management program for a longer 
time or 2) intensify threat control. 
 
Area to monitor:  Systematic survey of entire area of a population.  
  
Sample unit:  Population monitoring will be conducted within population units previously 
identified. Oahu Elepaio populations may be confined within a discrete area (i.e. a valley) or run 
across several contiguous gulches. Most of the PUs identified for management do not fall within 
fenced MUs. Though several PUs may have portions that fall within existing or planned MUs. 
 
Monitoring framework:  Two strategies will be utilized in monitoring populations of elepaio. 
These protocols may be modified depending on their usefulness in obtaining the desired 
information. 
  
1. Census of the population: A census is conducted by sighting and banding birds, utilizing a 

recorded playback of elepaio songs. Resighting and monitoring by observation with 
binoculars with or without a recorded playback. 

 
2. Population estimates: Conduct preliminary surveys and extrapolate data to determine the 

predicted extent of the population.  
 
 
Data to collect: 
 
1. The location of each male or pair territory can be determined by field observations, mapped 

with GPS or manually (using an altimeter and hard copy map). 
 
2. The location of each pair’s nest within the territory including tree type and height in the 

canopy. Each nest should have a sketch map with detailed notes and flagged directions to the 
observation point in order to facilitate future monitoring. 

 
3. The success of fledglings can be determined through repeated field observations. Fledglings 

must be sited outside of the nest in order to constitute a successful fledging event. 
 
4. Population structure: including age determined by morphological features and the number 

and distribution of single males and pairs. Some of the morphological characters used to age 
Oahu elepaio are listed below. Determining the distribution of single males and pairs require 
repeated site visits and identification of individual birds in the various territories.  

 
a. Hatch Year (HY) = lower yellow bill, no white feathers on wing bars, head, back, 

throat, and upper breast tawny-cinnamon to light amber. Only HY the year hatched 
(i.e. if hatched in spring 2004, only HY until the end of 2004). 

b. 2nd year (SY) = all black bill (may have some yellow), plumage same as HY (i.e. 
rusty/tawny-cinnamon wing bars). Any birds hatched the previous breeding season 
after January 1st. 
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c. 3rd year (TY) = rusty wing bars with white tips 
d. After 3rd year (ATY) = wing bars all white 

 
Data analysis methods: 
 
1.  Elepaio demography 
To determine the overall effect of rodent control on Elepaio demography the finite rate of 
population growth, lambda (λ), should be calculated using methods described in VanderWerf and 
Smith (2002). Values of lambda >1.0 indicate population increase, those <1.0 indicate decline, 
and a value of 1.0 indicated no population growth or decline.  
 
2.  Other data that can be utilized in determining the success of the rodent control program are 
nest success, number of fledglings per pair, fledgling survival, site and mate fidelity, age 
structure and recruitment.  
 
Data collection interval:  During the breeding season monitoring trips should occur frequently 
(i.e. bimonthly) in order to determine the location of nests and territories and the successes of the 
predator control programs in place. Additionally, each breeding season new birds should be 
banded for more accurate monitoring of individuals. 
 
 
Monitoring Protocol 2.5 – Conduct Phytosanitation Monitoring in Greenhouse Facilities 
 
Type of activity:  Monitoring 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 

Description:  Conduct phytosanitation monitoring on potted plants designated for out-planting 
to ensure they are not contaminated with pathogens or other pests of concern as identified in the 
phytosanitation standards (see Section 3, Appendix 2.2). 
 
Applicable for:  Plants to be outplanted as part of species reintroduction or population 
augmentation programs. 
 
Management goal:  To prevent any introduction of pathogens or other pests of concern from the 
greenhouse (ex situ) environment into the forest ecosystem. 
 
Preliminary sampling objectives:  Be 100% certain that all of the greenhouse plants proposed 
for outplanting are not visibly contaminated by pathogens or other pests of concern. 
 
Management response:  If pathogens or pests are discovered within the lot of plants designated 
for outplanting, treat all of the plants with an appropriate pesticide and quarantine for longer 
period of time; reexamine the plants prior to any future outplanting. If any of the plants are found 
to be contaminated with a virus, destroy all of the contaminated plants and quarantine all of the 
remaining plants in that lot. 
 
Group to monitor: All of the individual plants proposed for outplanting. 
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Monitoring framework:  Examine all individual plants proposed for outplanting. 
 
Data to collect: 
 
1. Presence or absence of pathogens or pests of concern – record if an individual definitely has, 

or shows symptoms of, a pathogen or pest of concern identified in the phytosanitation 
standards (Section 3, Appendix 2.2). 

 
2. Identify type of pathogen present – make a definite determination of the contaminating 

species. 
 
3. Symptoms – describe in writing the pathogenic symptoms, document via photo and collect 

sample for analysis 
 
Data analysis methods:  No statistical analyses are needed for this protocol.  However, it is 
essential that a proper random sample is taken of all of the plants that are in the proposed 
outplanting lot unless all plants are to be examined. 
 
Data collection interval:  Data must be collected after quarantine period is completed and prior 
to sending plants out for reintroduction.  The sampling must be done just before planned 
outplanting date because any lag between inspection and planting may allow for new pathogens 
to become established. 
 
 
 
Monitoring Protocol 2.6 – Monitor In Situ Individuals to Aid with the Collection of 
Propagules for Reintroduction Stock or for Genetic Storage 
 
Type of activity:  Monitoring 
 
Action:  Recommended as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct monitoring of natural plant populations to determine phenology and to 
collect propagules for storage, propagation or experimentation. 
 
Applicable for:  Target plant taxa. 
 
Management goals:  To determine a window when collection of propagules is highly probable.  
To successfully collect an adequate number of propagules to meet project goals for the taxa from 
wild plant populations without conducting more visits than are necessary, and to avoid 
unnecessary impacts to the wild plant populations. 
 
Preliminary sampling objectives:  Be 100% sure that the window for collection will ensure 
successful seed collection if plants reproduce. 
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Management response:  1) Collect propagules as needed, 2) adjust schedule according to 
phenology patterns of a taxon or a population, 3) apply threat control if necessary to ensure fruit 
collection, 4) re-visit population if necessary to collect adequate fruit. 
 
Area to monitor:  Areas that contain target taxa, with the purpose of locating mature individuals 
from which propagules will be collected. 
 
Monitoring framework:  Conduct a complete survey of all mature individuals in a PU to 
determine if or when they would be flowering or fruiting. 
 
Data to collect:  Data will be collected following the HRPRG rare plant monitoring format (see 
Section 3, Appendix 2.3).  Record location information (map and/or GPS coordinates) as needed 
for any new mature individuals of the target taxa found in the population. 
 
1. Record reproductive status of all individuals – record presence of fruit (mature or immature), 

and flower (buds or opened), spores (mature or immature) and numbers of individuals with 
each. 

 
2. Collection information – Record any collections made, assign numbers to plants sampled, 

designate purpose for collection before collecting. 
 
Data analysis methods:  No statistical analyses are needed for this protocol.  All data resulting 
from the field surveys will be entered into the project database and GIS. 
 
Data collection interval:  Visit the population quarterly to determine phenology or visit at time 
of year when reproduction expected (i.e., as determined from herbarium specimen dates, or 
following expert advice). 
 
 
Monitoring Protocol 2.7 – Conduct Phytosanitation Monitoring in the Field 
 
Type of activity:  Monitoring 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 
 
Description:  Conduct baseline inventory for pathogens in outplanting sites and phytosanitation 
monitoring on outplanted individuals to determine if they are contaminated by pathogens or 
other pest species of concern that have been identified as possible problem species in the 
phytosanitation standards (see Section 3, Appendix 2.2). 
 
Applicable for:  Outplanting sites and outplanted individuals in the field as part of taxon 
reintroduction or augmentation programs. 
 
Management goal:  To prevent any introduction of a pathogen from the greenhouse (ex situ) 
environment into the natural ecosystems. 
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Preliminary sampling objectives:  Be 100% certain that all outplanted individuals are not 
visibly contaminated by pathogens or other pest species of concern, and other individuals within 
the vicinity of the field planting site are not contaminated above the baseline as a result of the 
outplanting.  Examination of plants must be conducted by trained experts capable of detecting 
pathogens or pest species (or indications thereof) that have been identified as known or potential 
problem species. 
  
Management response:  If pathogens or other pest species of concern are discovered on 
outplanted individuals, there are options: 1) eliminate the problem with an appropriate control 
technique and continue to monitor in the field, or 2) remove contaminated plants from 
reintroduction site and treat the contaminated planting sites with an appropriate pesticide to 
eliminate the problem in the field.  Additionally, if contaminated plants are found in the field, it 
is necessary to reevaluate the greenhouse phytosanitation monitoring protocol to determine why 
it failed and to make modifications to that protocol if needed. 
 
Group to monitor:  All of the individual plants that were outplanted, as well as a sample of 
other plant taxa within the outplanting area. 
 
Monitoring framework:  1) Examine all individual plants that were outplanted.  2) Conduct a 
pilot study to determine the extent and number of plants to be examined for pathogens or other 
pest species of concern within the study area. 
 
Data to collect: 
 
1. Presence or absence of pathogens or pests of concern – record if a sampled individual 

definitely has, or shows symptoms of, a pathogen or pest of concern identified in the 
phytosanitation standards (see Section 3, Appendix 2.2). 

 
2. Identify type of pathogen present – make a definite determination of the contaminating 

species. 
 
3. Symptoms – describe in writing the pathogenic symptoms, document via photo and collect 

sample for analysis. 
 
Data analysis methods: No statistical analyses are needed for this protocol.   
 
Data collection interval:  Data should be collected on the status of plants at each outplanting 
site every month for the first three months, or every other month if watering is not needed and 
then every three months to complete first year. 
 
 
Monitoring Protocol 2.8 – Monitor Success of Outplanted Individuals 
 
Type of activity:  Baseline survey and monitoring 
 
Action:  Required as a component of the program to stabilize Oahu target taxa. 
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Description:  Monitor germination and/or survival, growth, reproduction, and phenology of all 
or a subset of individual plants that have been outplanted or introduced as seeds for a taxon in an 
area.  This short-term monitoring project addresses specific propagation research needs as 
identified in each of the SPs (Section 2, Chapter 2).  The results will be used to develop or refine 
techniques that maximize the survival of individual plants that are outplanted into the wild.  
Additionally the information will be the basis for determining how many individuals need to be 
planted in subsequent stages of an augmentation or reintroduction program. 
 
Applicable for:  Plants or seeds outplanted as part of a taxon augmentation or reintroduction 
program. Monitoring may just be focused on determining germination or survival and growth of 
all individuals outplanted in a single type of microsite in the area, or may include comparison of 
different types of microsites or propagation parameters (e.g., age or size at planting, pot size or 
shape, post-planting care, etc.) within an augmentation or reintroduction site, depending on 
research/monitoring questions identified in each SP (Section 2, Chapter 2). 
 
Management goals:  1) Determine germination and/or survival of plants, and 2) growth of 
plants, for a particular taxon introduced into the field from greenhouse stock are influenced by 
type of introduction (seeds or plants), size of plants at outplanting, size of pot, and different types 
of outplanting sites.  A 10% difference in plant survival and average plant growth will be 
considered to be significant.  3) Track phenology of plants to aid with determination of best time 
to collect seeds for future ex situ propagation.   
 
Preliminary sampling objectives:  1) Be 90% certain that at least a 10% difference can be 
detected in number of plants that germinate and/or survive each year (up to five years) after 
planting between groups using different sizes of plants at outplanting and between different 
outplanting sites.  2) Be 90% certain that at least a 10% difference can be detected in growth of 
plants each year (up to five years) after planting as measured by stem length and number of 
leaves between groups using different sizes of plants at outplanting and between different 
outplanting sites.  The number of individuals within each group must be large enough to ensure 
that the chance of making a Type II error is less than 20%.  3) Track phenology of plants to aid 
with determination of best time to collect seeds for future ex situ propagation.  Phenological 
information will be collected for all plants that are sampled during the monitoring but no 
analyses will be conducted relative to outplanting techniques or microsite characteristics. 
 
Management response:  1) If a significant difference in plant survival exists after up to five 
years of sampling, the characteristics of the more successful trial (initial plant size or type of 
outplanting site) will be used as the basis for subsequent outplanting efforts for that taxon.  If no 
difference is found in plant survival after monitoring, the easiest and most cost-effective methods 
will be used for subsequent outplanting of that taxon.  2) The results of monitoring plant growth 
relative to the different treatments will be used to help predict or refine the results of the plant 
survival analysis.  The results of the analysis of survival will also be used to determine or refine 
the projected number of individuals to outplant for that taxon to achieve a specified number of 
plants that will become part of the reproductive pool. 
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Area to monitor:  Complete or random sample of outplanted individuals within a reintroduction 
population or augmented in situ population.   
 
Pilot studies:  It is important to emphasize that the suggestions that follow regarding monitoring 
framework, data to collect, and data analysis methods are preliminary suggestions that need to be 
developed following completion of pilot studies in the PUs and MUs.  Data collected from pilot 
studies will be used to refine the protocol relative to variables which will be sampled, plot size 
and shape, sampling framework, number of samples to be taken, monitoring interval, and data 
analysis methods to be used. 
 
Sample unit:  The basic sampling unit will be an individual plant.  In cases where seeds are used 
for a reintroduction trial, seed planting blocks will be the initial sample unit to determine 
germination rate (% of planted seeds that germinate).  Following germination, the individual 
plants will be the sampling units for monitoring growth. 
 
Monitoring framework:  All or a random sample of outplanted individuals or individuals 
germinated from planted seeds on the site will be monitored in several treatment categories 
which may include different size or age at outplanting, different pot size, post-planting care or 
not, and different microsite characteristics.  The specific variables selected for testing are 
identified in each of the species SPs.  The experimental design for any given project will not 
exceed a total of six different treatments (e.g., two variables with three factors per variable), 
although a smaller number of treatments would be preferred as it would require fewer plants to 
monitor. 
 
Plants will be assigned to treatment types randomly, either at time of repotting in the greenhouse 
(pot size), selection of plants to be grown to an older age in the greenhouse, assignment of plants 
to planting site, or selection of plants for post-planting care within a planting site.  Microsites 
will be chosen to minimize variability as much as possible within each outplanting site. 
 
Data to collect: 
 
1. Percent germination of planted seeds:  When seeds are planted as a reintroduction strategy, 

the number of individuals that germinate will be counted in a specific seed sowing block 
within the reintroduction or augmentation site.  Percent germination will be calculated by 
dividing the number of germinants by the total number of seeds planted. 

 
2. Vigor will be recorded for all sampled individuals in the following classes: healthy – foliage 

appears green and vigorous, less than 10% dead leaves or defoliation; moderate – some 
chlorosis may be seen in the leaves, 10-50% dead leaves or defoliation; poor – most leaves 
may be dead or chlorotic, 50% dead leaves or defoliation; dead – no live foliage or woody 
tissue. 

 
3. Size of individuals: For each sampled plot, record size or growth measurements that may 

include stem length, stem diameter, number of branches, number of leaves, depending on life 
form and life stage of the plant.  Diameter measurements will be recorded to the closest tenth 
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of a centimeter; stem length will be recorded to the closest centimeter, or as modified for a 
particular taxon. 

 
4. Phenological stage: Record data on the presence of buds, flowers, immature fruits/spores, 

and/or mature fruits/spores on each plant sampled, or if the plant is vegetative, or dormant.  
The data collected on phenology as part of the regular monitoring program will be dependent 
on the time of year data are collected at that site, and may not be either a representative or 
reliable representation of the phenological status of the population at that site.  Despite these 
limitations, the collection of phenological data for the plant taxa introduced into the various 
sites is easy to record and may be useful to alert management staff when it would be best to 
revisit the site to either collect propagules or assess survival of any offspring resulting from 
the outplanted individuals. 

 
5. Damage to Plants:  Any obvious damage to the plants from ungulates, rodents, or 

invertebrates, will be identified and recorded when each of the sampled plants is examined 
and measured.  This information may be useful in helping to understand reduced vigor or 
death of some of the plants that have been outplanted into a PU. 

 
Data analysis methods: 
 
1. Data collected on seed germination, and vigor or survival of individual plants will be 

analyzed using a contingency table design. 
 
2. Growth or size data will be analyzed using a paired t-test design or repeat measures analysis 

of variance.   
 
3. Phenological data will not be analyzed using any formal statistical procedures. 
 
Data collection interval:  The first data collection time for this protocol will be just prior to 
moving plants out of the greenhouse and into the ex situ planting sites.  During the first six 
months, data on germination (if seeds used for reintroduction) and/or survival of the plants will 
be assessed in accordance with the watering scheme specified in the species SP, but at least three 
times during this initial period.  The next sampling time will be 12 months after seed sowing or 
planting, and thereafter the plants will be monitored annually. 
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6.4 Monitoring Protocols for Areas Outside Management 
Units 
 
*These protocols are taken directly from the Makua Implementation Plan (MIP). The Oahu 
Implementation Team (OIT) has determined these protocols to be applicable to the needs of the Oahu 
Implementation Plan (OIP). However, these protocols may change to adapt to the needs of the Army in 
the stabilization of the target taxa.  
 
Monitoring Protocol 3.1 – Survey for Target or Other Rare Native Species Outside 
Designated Management Units 
 
Type of activity:  Survey 
 
Action:  Recommended as a component of the program to stabilize target taxa 
 
Description:  Conduct field surveys, prior to fenceline construction, to determine distribution 
and general abundance of Implementation Plan (IP) targeted and other rare native species in 
areas outside but adjacent to a management unit (MU).  This information will help identify those 
species that could easily be included within the MU or may be adversely affected by ungulate 
fence construction or other management activities within the MU. 
 
Applicable for:  Target species of plants and other rare native species in or adjacent to MUs. 
 
Management goals:  Make sure that management actions conducted as part of the Makua IP do 
not adversely affect any populations of the targeted species or other rare plant species found 
adjacent to proposed MUs. 
 
Survey objectives:  To identify populations of target taxa and animal species or other rare native 
plant species that could easily be included within proposed MUs or might be adversely affected 
by management actions within the MU.  Be 100% certain that no target taxa species or other rare 
native plant species are found within a 10 m-wide zone centered on a proposed fenceline 
corridor. 
 
Management response:  If IP target plants or other rare native plants are found just outside of 
proposed MUs, these sites will be mapped and evaluated to determine if they can easily be 
included within the MU.  Of particular concern will be identifying rare plants in sites that occupy 
proposed fenceline corridors, or may be located just outside of fencelines that may experience 
increased damage from feral ungulates that range up to the new fenceline. 
 
Area to survey:  Surveys will be conducted along proposed fenceline or access corridors relative 
to a MU, as well as up to 30 m outside of the proposed fencelines, depending on the vegetation 
type and terrain. 
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Monitoring framework:   
 
1. Systematic surveys will be conducted in a 10 m wide continuous plot along the entire length 

of proposed fenceline corridors to locate any previously unknown sites containing Makua IP 
targeted plants or other rare native plant species.   

 
2. Depending on the terrain and presence of suitable habitat, surveys for rare plants may also be 

conducted out to 30 m outside the proposed fenceline corridor in selected areas. 
 
Data to collect: 
 
1. Survey route - accurately map survey route taken using either Global Positioning System 

(GPS) or manual mapping (altimeter and hard copy map). 
 
2. Location of population – map exact location of target taxa or other rare plant taxa using 

either GPS or manual mapping. 
 
3. Data collected on individuals or population – collect information using the Hawaii rare plant 

restoration group rare plant monitoring form (see Section 3, Appendix 2.3). 
 
Data analysis methods:  No statistical analyses are needed for this protocol.  Information 
collected on the survey routes and on the individuals or populations of target taxa located will be 
entered into the project Geographical Information System (GIS) and database.   
 
Data collection interval:  These surveys will be conducted along all proposed MU fenceline 
corridors prior to fence construction.  For some species surveying during likely times of 
flowering may increase the chances of detecting more individuals.  Timing of surveys should 
also coincide with times when species that have a dormant phase are more apt to be growing. 
 
 
Monitoring Protocol 3.2 – Conduct Surveys and Monitoring of Alien Plants and Animals 
Outside of Management Units 
 
Type of activity:  Baseline survey and continue with monitoring. 
 
Action:  Recommended as a component of the program to stabilize Makua target taxa. 
 
Description:  Conduct aerial and field surveys in the areas between the designated or proposed 
MUs to determine the distribution and general abundance of selected, highly invasive and 
damaging alien plant and animal species (see Chapter 3) that may adversely impact the stability 
of the MUs. 
 
Applicable for:  Determining the general distribution and abundance of selected, highly invasive 
and damaging alien plant and animal species outside of the MUs. 
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Management goals:  Ensure the plant communities within the MUs form a stable, native-
dominated matrix, which will be able to support stable populations of the IP rare species. 
 
Survey objectives:  To identify the distribution and/or abundance of selected, highly invasive 
and damaging alien plant and animal species outside the MUs so the threats can be controlled 
before they adversely impact the stability of the MUs. 
 
Management response:  If an increase is found in the distribution or abundance of any of the 
selected, highly invasive and damaging alien plant species that may threaten the stability of the 
MUs, management actions may be initiated to control the problems before they adversely impact 
the MUs. 
 
Area to survey:  Selected aerial and ground surveys will be conducted in areas outside the MUs, 
as deemed necessary.  In certain areas, surveys will be centered around the known or suspected 
distributional area for alien species of concern, These include populations of feral goats, Myrica 
faya, Leptospermum spp. and other species that can be easily detected from the air or from 
ground surveys in areas that provide a good view of large areas adjacent to the established MUs. 
 
Monitoring framework:   
 
1. Aerial surveys:  Aerial surveys will be conducted over known or suspected distributional 

areas to detect the distribution and relative abundance of feral goats and selected invasive 
alien plant species.  Survey tracks will follow along elevational contours, which will allow 
for mapping the distribution of the target species using GPS units and by sketch mapping 
from the air. 

 
2. Ground surveys will also be conducted as needed to verify locations or species identified 

from the aerial surveys and to further refine the distribution of selected species in areas that 
are not easily seen from the air. 

 
Data to collect: 
 
1. Survey route - accurately map the survey route taken using either Global Positioning System 

(GPS) or manual mapping (altimeter and hard copy map). 
 
2. Location of population – Map exact location of selected, highly invasive and damaging alien 

plant and animal species using either GPS or manual mapping. 
 
3. Data collected on individuals or population – collect information on number of individuals 

detected (feral goats or easily identifiable plant species) or distribution of target alien species. 
 
Data analysis methods:  No statistical analyses are needed for this protocol.  Information 
collected on the survey routes and on the individuals or populations of mitigation species located 
will be entered into the project Geographical Information System (GIS) and database.   
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Data collection interval:  These surveys will be conducted at least annually or more frequently 
if needed. 
 
 
Monitoring Protocol 3.3 – Survey for Invasive Plants Along Disturbance Corridors 
 
Type of activity:  Baseline survey and monitoring 
 
Action:  Required as a component of the program to stabilize Makua target taxa. 
 
Description:  1) Conduct regular surveys of selected disturbance corridors throughout the 
Makua project area to identify new invasive alien plant species that may have been introduced or 
moved around as a result of human use of the area.  Focus of this monitoring protocol is on 
disturbance corridors such as roads, trails, fencelines, or transects that may have alien plant 
species introduced from vehicles, boots, packs, etc.  2) Identify previously established species 
within the project area that appear to be expanding their distribution as a result of a human 
disturbance corridor.  Disturbance corridors to be monitored are those that are considered to have 
the highest risk of new problem invasive alien plant species being introduced as a result of 
human use of the corridor. 
 
Applicable for:  Detecting the presence of invasive alien plant species that may become 
established along roads, trails, fencelines, or transects as a result of human use of the area.  This 
information will also be used to identify other incipient alien species that may be increasing 
within an area and need to be controlled. 
 
Management goals:  Keep new invasive alien plant species from becoming introduced into the 
MUs along existing disturbance corridors such as roads, or new corridors like trails, transects, or 
fencelines that are created during management actions in the area.  If new problem species are 
located along the corridors, every effort will be made to eliminate these species from the area 
before they are able to spread further into the MUs. 
 
Primary monitoring objectives:  1) Be 100% certain that all known or potentially invasive 
alien plant species within and up to 3 m on either side of a disturbance corridor are detected.  2) 
Be at least 90% certain that a 10% increase can be detected in the frequency of potentially 
invasive alien plant species that are not the focus of an existing weed control program along the 
disturbance corridor. 
 
Management response:  1) If a new invasive alien plant species or a new location for a 
previously established invasive alien plant species is detected along a disturbance corridor, the 
location will be documented and the plant or established population will be eradicated before it 
spreads.  2) If a potentially invasive alien plant species is found to have increased significantly, 
this species will be targeted for control before it can spread any further. 
 
Area to monitor:  Monitor the entire length of established disturbance corridors including an 
area 3 m on either side of the corridor. 
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Sample unit:  The basic sample unit will be logical subdivisions of the disturbance corridor to 
allow for reliable relocation of invasive species.  For example, this may be regular intervals 50 m 
long on transects, or unequal lengths of corridors along roadways. 
 
Monitoring framework:  The entire length of selected disturbance corridors will be monitored 
with contiguous plots that are established at 50 m intervals, or other irregular intervals, and 
include the full width and extending 3 m on either side of the disturbed corridor.  The survey 
must ensure that all of the invasive alien plants within the plot will be detected.  Any target 
invasive plants that are found beyond the 3 m width of the plot will also be also recorded, but 
there is no certainty that 100% of the area beyond 3 m on either side of the corridor will be 
surveyed for all invasive species, particularly those with a small life form.  The 50 m points 
along each corridor will be marked as permanent reference points to define the length of the plots 
for subsequent monitoring. 
 
Data to collect:  Information to be recorded within each plot includes name of species found, 
plot number, and phenological stage of the plant (buds, flowers, immature fruits, and/or mature 
fruits).  Species detected outside the 3 m limit of the plot will also be recorded if they are 
detected, recording the same information as for plants within the plot except the species name 
will also be marked with an asterisk (*) indicating it was found beyond the 3 m width of the plot.   
 
Data analysis methods: 
 
1. No formal statistical analysis will be conducted to determine change in frequency of invasive 

weed species that are targeted for control since the mere presence of one or more individuals 
of any of these species in any of the sampled plots will trigger their removal. 

 
2. For those species that have data recorded but are not the target of a specific weed control 

program, we will use the frequency data to determine if the frequency of occurrence of any 
species has increased significantly between sequential sampling periods.  The frequency data 
will be analyzed using a paired samples contingency table design (McNemar’s test), testing 
for at least a 10% increase in frequency, at a significance (alpha) level of 0.10. 

 
3. Phenological data will not be analyzed using any formal statistical procedures but will be 

useful for determining reproductive status of the target weed species. 
 
Data collection interval:  Disturbance corridor monitoring should be conducted in each of the 
selected areas annually. 
 
 




