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2.0 MANAGING NATIVE MESIC FOREST REMNANTS 

         Photo by Amy Tsuneyoshi 
2.1 RESTORATION CONCEPTS AND PRINCIPLES 
 
The word restore means “to bring back…into a former or original state” (Webster’s New 
Collegiate Dictionary 1977). For the purposes of this book, forest restoration assumes that 
some semblance of a native forest remains and the restoration process is one of removing 
the causes for that degradation and returning the forest back to a former intact native state. 
More formally, restoration is defined as: 
 
The return of an ecosystem to its historical trajectory by removing or modifying a specific 
disturbance, and thereby allowing ecological processes to bring about an independent 
recovery (Society for Ecological Restoration International Science and Policy Working 
Group 2004).  
 
The term native integrity used throughout this book refers to this continuum of intactness. 
An area very high in native integrity is fully intact. James Karr (1996) defines biological 
integrity as: 
 

The ability to support and maintain a balanced, integrated, adaptive biological 
system having the full range of elements (genes, species, and assemblages) and 
processes (mutation, demography, biotic interactions, nutrient and energy dynamics, 
and metapopulation processes) expected in the natural habitat of a region. 

 
This standard of biological integrity is admittedly beyond the reach of many restoration 
projects given some of the irreversible effects of invasive plants and animals as well as a 
lack of knowledge of how an ecosystem worked in the first place. Nonetheless, the goal of a 
restoration effort should be a restored native area that is healthy, viable, and self-sustaining 
requiring a minimum amount of active management in the long-term. The steps needed for a 
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restoration effort are similar to any problem solving and planning process. Hobbs and 
Norton (1996) frame the planning process in five basic steps.  

1. Identification of the problem: Identify and deal with the processes leading to 
degradation in the first place. 

2. Determine realistic goals, measures of success, and criteria for failure. 
3. Develop methods for implementing the goals. 
4. Incorporate these methods into land management and planning strategies. 
5. Monitor the restoration and assess success. 

Along with the target state or product of restoration, Meffe and Carroll (1997) offer several 
key planning concerns of any restoration project. They are: 

• Determining the feasibility of the project and assessing the authenticity of 
project results, 

• Determining an appropriate and feasible scale, and 
• Working within realistic cost constraints 

The quality of the restored systems (authenticity) and the feasibility of carrying out high-
quality restoration work at environmentally significant scales are fundamental issues facing 
restorationists (Meffe and Carrol 1997).  
 

 
Ahupuaa of the north shore of Molokai island 
 
The scale of the project can make or break the success of a restoration effort. The National 
Research Council (1992) gives four considerations for determining the size of a restoration 
project: 

1) The project should be large enough to minimize the deleterious effects of boundary 
conditions and events on internal dynamics. 

2) The project should of such a size that managers can readily add, control, or 
eliminate, as necessary disturbances to the system. 

3) The project should be large enough so that various effects can be measured to assess 
project success. 

4) The project should be an affordable size. 
 
Hand in hand with the above concerns, the financial costs of a project must be 
realistically matched to the goals and scale of the project. An overambitious project will 
simply fail because the financing failed to match the project requirements. 



 10

 

Table 2A: Checklist of Appropriate Questions for Planning, Conducting, and Evaluating 
Restoration Projects  
 
Project Planning and Design 

1. Has the problem requiring treatment been clearly understood and defined? 
2. Is there a consensus on the restoration program’s mission? 
3. Have the goals and objectives been identified? 
4. Has the restoration been planned with adequate scope and expertise? 
5. Does the restoration management design have an annual or midcourse correction point in 

line with adaptive management procedures? 
6. Are the performance indicators – the measurable biological, physical, and chemical 

attributes – directly and appropriately linked to the objectives? 
7. Have adequate monitoring, surveillance, management, and maintenance programs been 

developed along the project, so that monitoring costs and operational details are 
anticipated and monitoring results will be available to serve as input in improving 
restoration techniques used as the project matures? 

8. Has an appropriate reference system (or systems) been selected from which to extract 
target values of performance indicators for comparison in conducting the project 
evaluation? 

9. Have sufficient baseline data been collected over a suitable period of time on the project 
ecosystem to facilitate before-and-after treatment comparisons? 

10. Have critical project procedures been tested on a small experimental scale in part of the 
project area to minimize the risks of failure? 

11. Has the project been designed to make the restored ecosystem as self-sustaining as 
possible to minimize maintenance requirements? 

12. Has thought been given to how long monitoring will have to be continued before the 
project can be declared effective? 

13. Have risk and uncertainty been adequately considered in project planning? 
During Restoration 

1. Based on the monitoring results, are the anticipated intermediate objectives being 
achieved? If not, are appropriate steps being taken to correct the problem? 

2. Do the objectives or performance indicators need to be modified? If so, what changes 
may be required in the monitoring program? 

3. Is the monitoring program adequate? 
Post-Restoration 

1. To what extent were project goals and objectives achieved? 
2. How similar in structure and function is the restored ecosystem to the target ecosystem? 
3. To what extent is the restored ecosystem self-sustaining, and what are the maintenance 

requirements? 
4. If all natural components of the ecosystem were not restored, have critical ecosystem 

functions been restored? 
5. How long did the project take? 
6. What lessons have been learned from this effort? 
7. Have those lessons been shared with interested parties to maximize the potential for 

technology transfer? 
8. What was the final cost, in net present value terms, of the restoration project? 
9. What were the ecological, economic, and social benefits realized by the project? 
10. How cost-effective was the project? 
11. Would another approach to restoration have produced desirable results at a lower cost? 
 
From National Research Council 1992
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2.2 RESTORATION PROJECT PLANNING: GOALS AND OBJECTIVES 
 

 
Learning by doing is adaptive management. The restoration process at work in Honouliuli Preserve. 
 
Defining a restoration project’s goals and objectives is perhaps the most important planning 
decision a restorationist will make. An overall goal that clearly defines what will be 
achieved will greatly assist all aspects of the project. The objectives of a project are the 
strategic methods used to achieve the project goal. Having a clear vision of the endpoint of 
restoration efforts as well as the intermediate steps needed to get there is a fundamental 
aspect of a restoration project. (Jacobi pers. comm.). 
 
Another way of looking at objectives is to see objectives as describing the desired condition. 
The desired condition is the goal; the objectives are the description of how one reaches that 
goal. If the goal is to restore the full biological integrity to an area, the objectives would 
detail how the full complement of organisms from soil critters to canopy trees would need to 
be reintroduced. If the goal is to simply prevent further degradation from ungulates, the 
objectives would detail the steps needed for successful animal control. 
 
Elzinga et al. (2001) describe the value of clear management objectives and list six required 
components for complete management objectives: 
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Appendix 6A is an example of a restoration site plan showing how management objectives 
can achieve an overall goal. 
 
2.3 MONITORING PROGRAMS AND ADAPTIVE MANAGEMENT 
 
The value of a monitoring program cannot be overstated. A good monitoring program will 
determine if a management objective is met. In adaptive management, learning is as 
important as doing – monitoring is as important as management if management is to be 
validated or improved (Elzinga et al. 2001). Adaptive management is more formally defined 
as the integration of design, management, and monitoring to systematically test assumptions 
in order to adapt and learn (Salafsky et al. 2001). Monitoring itself is defined as the 
collection and analysis of repeated observations or measurements to evaluate changes in 
condition and progress toward meeting a management objective (Elzinga et al. 2001). 
Having stated the importance of monitoring it is beyond the scope of this book to 
comprehensively discuss all the components of a restoration monitoring program. Readers 
are referred to an excellent practical handbook designed for field biologists entitled: 
Monitoring Plant and Animal Populations authored by Elzinga et al. (2001). A full reference 
can be found at the end of this chapter. Instead, a brief summary of monitoring 
considerations is presented here as an initial guide to the development of a monitoring 
program that is fully integrated into the adaptive management process. 
 

Management objectives: 
• Focus and sharpen thinking about the desired state or condition of 

the resource 
• Describe to others the desired condition of the resource 
• Determine the management that will be implemented, and sets the 

stage for alternative management if the objectives are not met 
• Provide direction for the appropriate type of monitoring 
• Provide a measure of management success 

 
Components of an objective: 

1. Species or Indicator: identifies what will be managed or 
monitored 

2. Location: geographic area 
3. Attribute: aspect of the species or indicator (e.g. size, density, 

cover) 
4. Action: the verb of your objective (e.g. increase, decrease, 

maintain) 
5. Quantity/Status: measurable state or degree of change for the 

attribute 
6. Time frame: the time needed for the management strategy to prove 

effective 
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Elzinga et al. (2001) underscore the role of monitoring in a successful adaptive management 
program with the following diagram. 
 
 

Adaptive Management Cycle 

 
 
 
The major steps in the management/monitoring process are also summarized by Elzinga et 
al. (2001). They are: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Develop model 
of system or 

species 

Develop 
resource 
objective 

Design and 
implement 

management 

Monitor resource 
Objective 
achieved? 

yes 

no 

Design alternative 
management 

 
A. Complete background tasks 
B. Develop management objectives 
C. Design and implement management 
D. Design monitoring methodology 
E. Implement monitoring as a pilot study 
F. Implement and complete monitoring 
G. Report and use results. 
 
Seven of the most important background tasks include: 
 
1. Compiling and reviewing existing information 
2. Reviewing upper level planning documents 
3. Identifying priority species, populations, communities 
4. Assessing the resources available for monitoring 
5. Determining the scale 
6. Determining the intensity of monitoring (qualitative, quantitative, 
demographic) 
7. Reviewing the monitoring project internally or by an external team  
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A crucial stage in the monitoring process is designing the monitoring methodology. Elzinga 
et al. (2001) summarize the three types of monitoring-qualitative, census, and quantitative 
(sampling) with the following flow diagram: 
 

 
  From: Elzinga et. al. 2001 
 
 
 
 

Design Monitoring 
Methodology 

1. QUALITATIVE 
MONITORING 

2. CENSUS 3. QUANTITATIVE 
MONITORING 

a. design general methodology 

b. design methods to reduce 
variablity among observers 

c. identify number of measurement 
units 

d. determine arrangement of 
measuring units 

a. define the counting 
unit 

b. develop methods 
to ensure complete 

counts by all 
observers 

a. develop sampling 
objectives 

b. define sampling unit 

c. describe sampling unit size and 
shape 

d. determine method of sampling unit 
placement 

e. decide whether sampling units will be 
permanent or temporary 

f. estimate the number of sampling units 
required a. design data sheet 

b. determine monitoring frequency 

c. describe likely data analysis frequency 

d. identify necessary resources 

e. develop a draft monitoring plan 

f. review 



 15

2.3.1 TYPES OF MONITORING RELEVANT TO FOREST RESTORATION 
 
The types of monitoring employed will reflect the management goals and objectives for the 
areas to be restored. Status assessments commonly answer the question, “How is the 
biodiversity that we care about doing?” Effectiveness measurements answer the question 
“Are the management actions having their intended impact?” (Salzer and Salafsky 2003). 
Baseline monitoring commonly assesses the status of resources of value. Weed control, 
ungulate control, and revegetation programs all require their respective monitoring programs 
to determine if management actions are effective. The following examples are common to 
most forest resource management monitoring programs in Hawaii. 

• Baseline inventory and status of resources: Often the first planning step is to 
determine what native resources are present and to assess their condition and value 
relative to other areas. This baseline of information will help guide the construction 
of ecological models as well as the development of management goals and 
objectives. The term ‘baseline monitoring’ is used for the activity of specifically 
measuring variables before management begins. Compilation of plant and animal 
species lists, rare animal and rare plant distribution maps, native and non-native 
community vegetation maps, vegetation composition studies, and damage 
assessments before restoration activities are some of the most common products of 
baseline monitoring efforts. Ground based or aerial surveys along transects and GIS 
analysis of aerial or satellite maps are some of the more common methods used to 
quantitatively or qualitatively assess natural areas. Without adequate baseline 
information, the success of future restoration efforts cannot be adequately measured. 

• Weed Monitoring: Species lists, weed distribution and weed density maps are the 
most common products of ground and aerial survey monitoring of forested areas. 
Ground or aerial weed surveys are commonly done along belt transects to ensure 
adequate coverage of the target area. GPS units are commonly used to map 
occurrences and a GIS database is used to map and analyze weed data. The number 
of transects and the frequency of weed surveys are determined by the weed 
management goals and objectives for the area. Factors which influence these goals 
and objectives include the human and financial resources available, the size of the 
area, the type of terrain, the conservation value of the area, and the types or 
invasiveness of weeds already present. Quadrat plots can also be used to 
quantitatively monitor weed frequency, cover, and density. 

• Ungulate Monitoring: To determine levels of animal activity, belt transects are 
commonly used. A type of qualitative sampling, observers record animal sign 
(browse, scat, tracks) at specified distances along a given transect length. Aerial 
transects can also used for direct observations of animals that prefer open areas (e.g. 
mouflon sheep). Where feasible, transects should be systematically placed 
throughout a survey area, with transects oriented perpendicular to contours 
following a compass line (Elzinga et. al. 2001). In Hawaii, determining accurate 
estimates of ungulate activity and sizes of ungulate populations is notoriously 
difficult and labor intensive. Difficult terrain, the large size of management units, 
and unpredictable patterns of ungulate movement are usually responsible for 
inaccurate estimates of ungulate numbers. Scouting often proves to be more 
effective at detecting animal activity when ungulate densities are low. Pig catch rates 
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in snares or traps are also used to quantitatively measure the effectiveness of 
removal efforts, but catch rates must be coupled with some type of ungulate activity 
monitoring program to ensure the complete removal of ungulates from an area. 

• Outplanting Monitoring: Survival, vigor, and recruitment are some of the more 
common measurements of outplanting success. Census, qualitative and quantitative 
methods are used to determine these three variables. Sampling may also be needed if 
the number of reintroduced plants is excessively large. 

• Restoration Site Condition Assessments:  This technique evaluates the condition 
of the habitat through repeated subjective observations; assessments focus on a 
single activity, potential disturbances (i.e. weed control), or site characteristics 
(Elzinga et al. 2001). Photopoints or photoplots are commonly used to track gross 
vegetation changes over time. Site assessments are most effective when observers 
articulate their qualitative assessment quantitatively (Elzinga et al. 2001). An 
example of a restoration site assessment data sheet is given at the end of Chapter 6 
as Appendix 6B. 

 
2.3.2 COMMON MONITORING PITFALLS 
 

 
 
Monitoring programs are often fraught with difficulty given the complexity of the ecological 
systems at work and the limited time, financial resources, and competing priorities of 
resource management staff. Besides problems of observer bias and poor sampling design, 
some of the more common mistakes of the monitoring process are listed below: 
 

1. Failure to adequately define management objectives which form the foundation of 
the adaptive management process. 

2. Failure to adequately budget financial and human resources to a monitoring 
program. 

3. Funding basic research in the name of monitoring (Salzer and Salafsky 2003). 
4. Failure to set up a pilot monitoring program first to refine monitoring methods. 
5. Collecting way too much data instead of taking action (Salzer and Salafsky 2003). 
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6. Failure to analyze data, report and communicate results, and use recommendations 
to guide management decisions. 

 
2.4 VALUE OF ECOLOGICAL MODELS 
 
An ecological model is a tool that diagrams the often complex relationships and components 
of an ecological system or the ecology of a species. Models can be purely theoretical or 
based entirely on known facets of an ecosystem or organism. Most ecological models 
contain a combination of theoretical assumptions and information distilled from actual data. 
Models can be as complex as the systems they depict or as simple as necessary to convey 
the processes at work. For example, some complex models contain multiple nested 
compartments and numerous feedback loops. Other models are simple flow diagrams 
depicting only the key components of a system.  The following two figures are examples of 
very simple models illustrating the plight of native forests.  
 

 
 
Given the degree of threats, even the most pristine forested areas are at risk for eventual 
conversion to alien vegetation over time without aggressive and consistent human 
intervention. Ecologically simple, monotypic alien forests with potentially lower capacities 
for ecosystem functions like nutrient cycling and watershed recharge are the result of alien 
plant domination. 
 

Native 
dominated 
vegetation 
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Elzinga et al. (2001) describe three important benefits of ecological models: 
 

1) They provide a summary of your understanding of the species, community, or 
ecosystem of concern. 

2) Models also identify the gaps in your knowledge and understanding of the species or 
system at hand. 

3) Models help identify mechanisms and potential management options. 
 
The construction of simple, management oriented ecological models is most useful at the 
onset of restoration planning, but they should be refined as one’s understanding of the 
system at work grows. Constructing an ecological model often stimulates thinking that can 
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INVASION 

Subcanopy 
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greatly inform the development of focused management and monitoring objectives (Elzinga 
et al. 2001).  
 
2.5  REFERENCE SITES 
 

  
Lowland mesic ohia and lama stands, Kaluaa Gulch, Honouliuli Preserve 
 
As noted in Table 2.1 the selection of a reference site can greatly clarify the desired 
endpoint of restoration efforts. Reference sites serve as comparison areas which help set 
quantitative targets in objectives, and can therefore be of considerable value, but should be 
used with caution. (Elzinga et al. 2001). A reference site generally contains an intact, 
functioning system free from the degradation affecting the restoration site at hand. Ideally, a 
forest restorationist would merely need to mimic the natural patterns of plant distribution 
and composition in their revegetation efforts for project success. Unfortunately, because no 
two natural areas are alike, an exact match is not likely. Also, because nature is never static, 
reference sites are usually undergoing changes themselves; reference sites then become a 
moving target. Nevertheless, keen observation and analysis of what makes an intact native 
area resistant to invasion and self-sustaining will go far toward informing restorationists of 
the most important threats that require control, as well as identifying any crucial missing 
components at restoration sites. On a practical level, reference sites can also serve as sources 
of seed material for propagation efforts and ‘starter stock’ for mychorrhizal inoculations of 
media for propagation work.   
 
2.6 LINKING FOREST FRAGMENTS 
 
Mesic forests are often sandwiched between dry forests and shrublands below and wet 
forests above. Commonly a patchwork of forest types grading into each other, mesic forests 
are a fascinating example of a vegetative community assembled from native species found 
in both dry and wet forests. All too often though, native mesic stands are dissected by 
invasive plant communities, ranchlands, and non-native forestry plantation stands. Another 
challenge the restorationist faces is how to link up disparate stands of native forest to form a 
more contiguous native stand. One basic strategy for linking forest fragments is to remove 
the threats which caused the fragmentation to begin with and re-vegetate the areas between 
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the remnant fragments with native trees and shrubs. At Hakalau National Wildlife Refuge, 
the primary management goal is to provide a high quality habitat for native forest birds. An 
intensive and successful forest regeneration effort began with fencing the area from cattle, 
sheep, and pigs. This was followed by a massive koa replanting effort in former pasture 
areas to provide wildlife corridors between more mature intact koa and ohia stands. 
Endangered birds such as the akiapolaau have already begun utilizing those corridors for 
foraging and nesting areas (J. Jeffrey pers. com.). 
 
2.6.1 THREATS TO MESIC FORESTS 
 
Nearly every terrestrial native ecosystem in Hawaii is threatened by changes in land use, 
invasive plants and animals, or fire, and mesic forests are certainly no exception. Conversion 
of mesic forests to subdivisions is an irreversible change and resource managers can often 
do little to prevent private landowners from exercising their right to realize economic gains 
from their properties. Resource managers do however have the means to properly manage 
mesic forests on protected lands by controlling weeds and animals that are damaging to 
native resources. Identifying and prioritizing threats, implementing management of invasive 
plant and animal threats, and preventing forest fires are the primary duties of a resource 
manager. The management of these threats is discussed in Chapters 3 and 4. 
 
2.6.2 STARTING A RESTORATION PROGRAM: CRITERIA FOR SELECTING A SITE 
 

 
Intact Poutenia sandwicensis stand at North Pualii Gulch, Honouliuli Preserve  
 
Restoring a mesic forest area can be extremely gratifying. If a fairly intact native forest is 
selected for restoration, the response to management activities is usually quite remarkable in 
a rather short-time period. Once legal protection for the land is secured and knowledgeable 
personnel are chosen to plan the project, the all important process of determining the project 
location can begin. A number of criteria for selecting a site are listed below. The most 
important criterion is the level of intactness. 
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Finding an area may be simply a factor of opportunity. A landowner or agency is interested 
in restoring an area and the necessary human and financial resources are brought to bear on 
the problems at hand. Conservation planning on a landscape scale takes a more systematic 
approach. Maps of native communities are obtained and assistance from knowledgeable 
personnel (e.g. State forestry or National Park Service employees) is sought out. Important 
biological areas are identified and legal protection is sought as the first step to ensure mesic 
forested areas remain forested. More thorough inventory surveys are done by botanists and 
zoologists for areas slated for restoration in order to inform the planning process. Goals and 
objectives for an area are drawn up using the best available knowledge. Importantly, one 
should avoid making hasty management decisions that may actually be counterproductive to 
one’s efforts (Porteous 1993). 
 
2.7 COMMON MISTAKES IN PLANNING FOREST RESTORATION WORK 
 

• Restoration site too heavily degraded: Project personnel may sometimes be 
overambitious in their expectations of what man and nature can accomplish and 
choose a site that has low viability in the long-term even with a high level of 
maintenance. Choosing a high quality site to begin with is the wisest use of scarce 
monetary resources. 

• Overemphasis on rare and endangered species population establishment: If a 
forest garden is the goal, then that process should be made explicit from the outset of 
‘restoration’ efforts. Planting an overabundance of rare species that do not match 
their natural patterns of distribution is not restoration (Jacobi pers. com.). 

       Site Selection Criteria 
1) Intactness or native integrity 
2) Long-term viability 
3) Accessibility for management 
4) Legal protection/feasibility 
5) Available funding 
6) Available human resources 
7) Contiguity with adjacent native 

areas. 
8) Irreplaceability/rarity 
9) Number of rare plant and animal 

populations 
10) Protection from fire 
11) Cultural importance 
12) Long-term maintenance 

requirements 
13) Protection from feral ungulates or 

invasive weeds 
14) Learning/Research opportunities 
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• No long-term commitment to a site: All too often, interest, funding, and activity 
are concentrated in only the first year or two at a particular site. 

• Failure to create and implement a monitoring plan that informs management 
efforts: All action and no reflection can lead to a waste of precious conservation 
dollars and staff time, and potentially threatens the very resources that are to be 
protected (Salzer and Salafsky 2003). 

• Failure to plan for catastrophes: Fire pre-suppression and fire prevention efforts 
are just two examples of anticipating the worst case scenario. Years of effort and 
habitat recovery can be undone by fires, but adequate planning (fire break roads, fuel 
load reduction, rapid and aggressive response plans) can help to quickly isolate and 
suppress fires. 

 

   
Kunia Fire, Honouliuli Preserve 2004 

 
2.8 RARE PLANT AND ANIMAL MANAGEMENT IN RESTORED AREAS 
 
It is beyond the scope of this book to address the myriad of considerations when managing 
rare native biota. Readers are instead referred to the references in the following section 
marked by asterisks for more comprehensive treatments of this important topic. 
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