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Preface 
Globally unique…a storehouse of endemism … evolutionary 
laboratory. Most individuals familiar with the natural history of 
Hawaiian forests are well acquainted with these phrases 
characterizing the biological heritage of our islands. Individuals 
from the Hawaiian community offer a different phrase for 
upland areas, emphasizing the living link between their cultural 
and natural heritage: Wao akua…realm of the gods. Others from 
the hunting community offer their own metaphor: Icebox in the 
mountains. While equated with solitude, our forests are a 
community gathering place; a worksite for some, sacred ground 
for many, and a playground for many others. Despite the value 
placed on our forests, many native forest areas are in need of 
healing. 
 
The idea for this book first began six years ago when I was a 

student at the University of Hawaii at Manoa. Creating my own course of study in natural 
resource management, I realized there were no technical manuals for the restoration of any of our 
disappearing island native ecosystems; only much research on the environmental problems of 
Hawaii and even fewer published reports on the practical management of those problems. With 
interest in the field of ecological restoration growing in Hawaii, this book is an effort to satisfy 
the growing need for information on the basic principles, methods, and techniques of managing 
mesic forests in particular and terrestrial native Hawaiian ecosystems in general. Many of the 
technical recommendations in this manual stem from five years of mesic forest restoration work 
at The Nature Conservancy’s Honouliuli Preserve on Oahu. Most of the resource management 
recommendations are gleaned from the published works and personal communications of those 
who have worked for over twenty years in the field of conservation biology. 
 
While specifically geared toward resource managers, field biologists, and private landowners, 
this book is intended to be used by all those who care for our forests for the benefit of our island 
communities. Two centuries of forest conversion, plant invasion, and ungulate damage have 
indeed wreaked a devastating toll. I remain hopeful that even two decades of hard work, 
perseverance, and commitment will go far in restoring our role as stewards of Hawaiian forests. 
 
Acknowledgements 
Preparation of this manuscript would not be possible except for the assistance of the following 
organizations and individuals: 
 
The Wallace Research Foundation for providing funding for this project. Tim Porteous, author of 
the New Zealand Native Forest Restoration Manual upon which this book for Hawaii is based. 
The past and present field crew members, interns and volunteers at The Nature Conservancy-
Oahu Program whose perseverance and humor continue to carry the day. Nat Pak, the primary 
author of the chapter on working with volunteers. Tamara Melton who first researched and typed 
the initial drafts of several of the book’s chapters. Larry Abbott who assisted with compiling the 

 ii



photos used in the manual. Pat Bily for his invaluable comments on weed control methods and 
strategies. Lynette Williams and Jean Ehrhorn who edited the manuscript. And Forest and Kim 
Starr for providing numerous photos of the weeds of Hawaii used in the weed control table. 
Unless otherwise indicated, all other photos are from the public domain or taken by the author. 
 
Lastly, I would like to thank my wife and daughter for their infinite patience and encouragement. 
 

       
 

  
 

 iii



CONTENTS 
Chapter Overview 

 
Chapter 1: Introduction……………………………………………………..1 
 
Chapter 2:  Managing Native Mesic Forest Remnants……………………8 
 
Chapter 3:  Animal Control………………………………………………..25 
 
Chapter 4:  Weed Control………………………………………………….69 
 
Chapter 5:  Propagating Native Plants………………………………..…114 
 
Chapter 6: Native Revegetation………………………………………….153 
 
Chapter 7:  Post Planting Treatment……………………………………..179 
 
Chapter 8:  Utilizing Volunteers and Neighboring Communities……...184 
 
 
 

 iv



CONTENTS 
 

Chapter 1: Introduction 
1.1 Value of Mesic Forests in Hawaii………………………………………………..1 
1.2 Locations of Mesic Forest Locations in Hawaii…………………………............6 
1.3 References………………………………………………………………………..7 
 

Chapter 2: Managing Native Mesic Forest Remnants 
2.1 Restoration Concepts and Principles……………………………………………..8 
2.2 Restoration Project Planning: Goals and Objectives…………………………….11 
2.3 Monitoring Programs and Adaptive Management………………………………12 

2.3.1 Types of Monitoring Relevant to Forest Restoration………………….15 
2.3.2 Common Monitoring Pitfalls…………………………………………..16 

2.4 Value of Ecological Models……………………………………………………..17 
2.5 Reference Sites…………………………………………………………………..19 
2.6 Linking Forest Fragments………………………………………………………..19 

2.6.1 Threats to Mesic Forests……………………………………………….20 
2.6.2 Starting a Restoration Program: Criteria for Selecting a Site…….……20 

2.7 Common Mistakes in Planning Forest Restoration Work…………………….…21 
2.8 Rare Plant and Animal Management in Restored Areas…………………….…..22 
2.9 References………………………………………………………………….…....22 

 
Chapter 3: Animal Control 

3.1 Vertebrate Pests: Ungulate Control Strategies and Methods for Feral Mammals.25 
3.1.1 Cattle………………………………………………………………....32 
3.1.2 Goats……………………………………………………………..…..33 
3.1.3 Mouflon sheep…………………………………………………..…...36 
3.1.4 Axis Deer/Mule Deer………………………………………………...37 
3.1.5 Pigs…………………………………………………………………...39 

3.2 Hunting and Hunting Related Issues……………………………………………..48 
3.3 Rodents…………………………………………………………………………...51 

 3.4 Cats……………………………………………………………………………….53 
 3.5 Invertebrate Pests………………………………………………………………....54 
 3.6 References………………………………………………………………………...55 
  Appendix 3A: Fencing Protocol………………………………………………59 
  Appendix 3B: Rodenticide Baiting Guidelines……………………………….66 
 
Chapter 4: Weed Control 

4.1 Introduction………………………………………………………………………69 
4.2 Weed Control Strategy…………………………………………………………...70 

4.2.1 Preventing Weed Establishment……………………………………...70 
4.2.2 Preventing Weed Establishment After Site Treatment……………….72 

4.3 Methods of Control……………………………………………………………….73 
4.3.1 Manual or Mechanical Control……………………………………….74 
4.3.2 Chemical Control, Selection, and Application Guidelines……………75 

 v



4.3.2.1 Herbicidal Application Techniques…………………………...…77 
4.3.2.2 Foliar Spray Application…………………………………………79 
4.3.2.3 Basal Frilling or Notching Treatment……………………………81 
4.3.2.4 Cut-Stump Method………………………………………………83 
4.3.2.5 Basal Bark Applications…………………………………………83 
4.3.2.6 Injection………………………………………………………….84 
4.3.2.7 Pre-Emergent and Post-Emergent Soil Applied Herbicides..........85 
4.3.2.8 Aerial Herbicide Operations……………………………………..85 

4.3.3 Biocontrol and Issues Related to Biocontrol……………………….........86 
4.4 References…………………………………………………………………………...87 

Table 4A: Common Mesic Forest Weeds……………………………………….89 
Table 4B: Commonly Used Herbicides…………………………………………91 
Table 4C: Mix Rates of Roundup Pro and Fusilade DX………………………..93 
Table 4D: Weed Control Methods for Invasive Plant Species of Mesic Forests.94 

 
Chapter 5: Propagating Native Plants 

5.1 Sources of Native Plants…………………………………………………………..114 
5.1.1 Collecting wild plants…………………………………………………115 
5.1.2 Contract Growing……………………………………………………...116 

5.2 Constructing a Nursery……………………………………………………………116 
5.2.1 Work Areas……………………………………………………………117 
5.2.2 Shade Houses………………………………………………………….118 
5.2.3 Hardening Off Areas…………………………………………………..118 
5.2.4 Quarantine Areas………………………………………………………119 

5.3 Field Nurseries……………………………………………………………………..119 
5.4 Propagation of Native Plants from Seeds………………………………………….120 

5.4.1 Seed Collection and Transport………………………………………....120 
5.4.2 Seed Cleaning…………………………………………………………..122 
5.4.3 Seed Treatment…………………………………………………………122 

5.4.3.1 Mechanical Scarification……………………………………….123 
5.4.3.2 Heat Treatment………………………………………………….123 

5.4.4 Labeling………………………………………………………………...123 
5.4.5 Seed Storage…………………………………………………………….124 

5.5 Sowing Seed………………………………………………………………………..124 
5.6 Sowing in Containers………………………………………………………………125 
5.7 Container Sowing Using Companion Planting Techniques………………………..126 
5.8 Transplanting Seedlings and Larger Plants………………………………………...126 

5.8.1 When to Transplant…………………………………………………….126 
5.8.2 Media…………………………………………………………………..126 
5.8.3 Transplanting Seedlings……………………………………………….127 
5.8.4 Fertilizing Seedlings……………………………………………………127 
5.8.5 Dealing with Seedlings Rooted Together………………………………127 
5.8.6 Transplanting Bigger Plants……………………………………………128 

5.8.6.1 Dealing with Coiled or Matted Roots…………………………..128 
5.8.6.2 Dealing with Plants Stuck in their Pot or Pots Too Big to Lift…128 

5.8.7 Container Growing……………………………………………………...128 

 vi



5.8.8 Propagating Plants in the Open Ground…………………………….129 
5.8.9 Propagation of Native Plants from Cuttings………………………..130 

5.8.9.1 Softwood Cuttings…………………………………………..130 
5.9   Nursery Pest Management……………………………………………………..130 
5.10 References……………………………………………………………………..131 

  Appendix 5A: Production Calendar for Common Native Plants…………...132 
Appendix 5B: Propagation and Outplanting Information for Common Mesic 
Native Hawaiian Plants……………………………………………………..134 

  Appendix 5C: Phytosanitation Standards and Guidelines…………………..137 
  Appendix 5D: Pesticide Chart……………………………………………….148 
 
Chapter 6.0 Native Revegetation 

6.1 Introduction……………………………………………………………………..153 
6.2 Planning…………………………………………………………………………154 
6.3 Record keeping………………………………………………………………….156 
6.4 Selecting the revegetation method………………………………………………157 

6.3.1 Assisting natural regeneration……………………………………….158 
6.3.2 Direct Seeding……………………………………………………….158 
6.3.3 Planting………………………………………………………………159 

6.4 Planting Site Selection…………………………………………………………..160 
6.4.1 Important Considerations About Selecting Planting Sites…………..160 

 6.5 Site Preparation………………………………………………………………….162 
 6.6 Companion Planting or Co-Planting…………………………………………….164 
 6.7 Preparing Plants for Planting……………………………………………………164 
 6.8 Transporting Plants to the Site…………………………………………………..165 
 6.9 Digging the Hole………………………………………………………………..166 
  6.9.1 Fertilizing the Hole…………………………………………………167 
  6.9.2 Getting the Plant Out……………………………………………….167 
  6.9.3 Planting……………………………………………………………..168 
 6.10 References……………………………………………………………………..169 
  Appendix 6A: Palikea Fence Restoration Site Plan…………………………170 
  Appendix 6B: Restoration Site Assessment…………………………………175 
  Appendix 6C: Outplanting Checklist for Common Natives and Rare Plants..177 
 
Chapter 7: Post Planting Treatment 

7.1 Mulching…………………………………………………………………………179 
7.2 Watering…………………………………………………………………………180 

7.2.1 Catchment systems…………………………………………………..181 
7.2.2 Slow-drip irrigation………………………………………………….182 

7.3 Follow-up weed control…………………………………………………………183 
7.4 References……………………………………………………………………….183 

 
Chapter 8: Utilizing Volunteers and Neighboring Communities 
 8.1 Recruiting Volunteers…………………………………………………………..184 
 8.2 Recruiting Workshop…………………………………………………………...185 
  8.2.1 Plan…………………………………………………………………185 

 vii



  8.2.2 Publicize Your Workshop in as Many Places as Possible………….185 
  8.2.3 Make the Meeting Interesting……………………………………....185 
  8.2.4 Plan a Follow-Up Meeting, Training Session, or Work Day……….186 
 8.3 Planning Volunteer Projects…………………………………………………....186 
  8.3.1 Pre-project Survey………………………………………………….186 
  8.3.2 Set a Roster and Number of Participants…………………………...187 
  8.3.3  Scope of Work for the Day…………………………………………187 
  8.3.4 Divide Work into Several, Well-Defined Tasks……………………187 
  8.3.5 Have Initial Priority Tasks, Then Additional Tasks to Accomplish..187 
 8.4 Making Workdays Fun and Productive…………………………………………188 
 8.5 Motivating Volunteers…………………………………………………………..190 
 8.6 Safety Concerns When Working with Volunteers………………………………191 
  8.6.1 Basic Safety Considerations…………………………………………191 
  8.6.2 Safety Considerations when Using Power Tools…………………....192 
 8.7 Record Keeping………………………………………………………………….194 
 8.8 References……………………………………………………………………….194 
 
 
 
 

 

 
 
   
 
 
 
 
 

 viii


	 CONTENTS
	 CONTENTS

