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Abstract

’Ōhi‘a Lehua (Metrosideros polymorpha) is the most abundant tree species in

the native wet and mesic forests throughout the main Hawaiian Islands. In the

late 1960s and early 1970s large areas on the wet, eastern side of Hawai‘i island

appeared to have extensive defoliation and death of the ’ōhi‘a trees. The dieback

on Hawai‘i island extended to approximately 49,000 ha of which 24,000 ha was

considered to be in heavy to severe dieback (>50% of the canopy trees dead or

defoliated), and 25,000 ha characterized as having slight to moderate dieback

(25–50% of the canopy trees dead or defoliated). Research was initiated in 1976

by a team led by Professor Dieter Mueller-Dombois to assess both extent and

ecological characteristics of the forest impacted by canopy dieback relative to

areas that did not experience dieback in this same forest zone. To assess the

spread or recovery of the ’ōhi‘a dieback forest over time, twenty-six permanent

plots were established across the study area. The results from the monitoring of

the 26 permanent plots indicate that many of the original dieback sites are now

showing strong recovery of the ’ōhi‘a tree canopy through recruitment of new

seedlings that have now grown into saplings and even taller trees (Boehmer et al.
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J Veg Sci 24(4):639–650, 2013). However, it was not clear if these results truly

represented the conditions across the entire original dieback area. Therefore, we

conducted a much larger survey of response of the ’ōhi‘a forest to that dieback

event, across the entire wet forest region on the eastern side of the island of

Hawai‘i. We did this by analyzing very high-resolution aerial imagery (<10 cm

pixels) taken by Pictometry International (POL), to assess both canopy and

understory change throughout this region. The POL imagery proved to be an

effective and efficient tool to use for assessing the status of ’ōhi‘a forest across

the eastern Hawai‘i Island study area. The results of this large area survey, using

the POL imagery, agree closely with the conclusions presented by Boehmer

et al. (J Veg Sci 24(4):639–650, 2013), that most of the ’ōhi‘a forests on the

eastern side of the island of Hawai‘i that were affected by canopy dieback in the

1960s and 1970s have started to recover their tree canopy, as a new cohort of

young trees are growing back in these sites.
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13.1 Introduction

’Ōhi‘a Lehua (Metrosideros polymorpha) is the most abundant tree species in the

native wet and mesic forests throughout the main Hawaiian Islands (Wagner et al.

1999, 2005–present). Although ’ōhi‘a has many characteristics typical of a pioneer

species (Burton and Mueller-Dombois 1984), it dominates plant communities that

range from sea level to tree-line, from very dry habitats on young lava flows to the

summit of the island of Kaua‘i, one of wettest areas in the world (Mueller-Dombois

et al. 2013).

In the late 1960s and early 1970s a great deal of concern was expressed about the

future of the ’ōhi‘a forest on the island of Hawai‘i, as large areas on the wet eastern

side of this island appeared to have extensive defoliation and death of the ’ōhi‘a

trees (Burgan and Nelson 1972; Petteys et al. 1975; Mueller-Dombois 1985; Jacobi

1993). A similar canopy “dieback” had been documented in the wet forest on the

northeast slope of Haleakala volcano on Maui Island around 1900 (Lewton-Brain

1909; Lyon 1909; Holt 1983), but there was no clear conclusion as to the cause of

the widespread death of trees at that time and no objective assessment of the status

of this forest over time (Holt 1983). The dieback on Hawai‘i island extended to

approximately 49,000 ha, of which 24,000 ha was considered to be in heavy to

severe dieback (>50% of the canopy trees dead or defoliated), and 25,000 ha was

characterized as having moderate to no dieback (<50% of the canopy trees dead or

defoliated) (Jacobi 1990, 1993).

Research was initiated in 1976 by a team led by Professor Dieter Mueller-

Dombois to assess both extent and ecological characteristics of the forest impacted
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by canopy dieback relative to areas that did not experience dieback in this same

forest zone (Mueller-Dombois 1980, Mueller-Dombois et al. 1980). As part of that

project 62 relevé plots were established in both dieback and non-dieback sites to

serve as the basis for a detailed study of the trees and their associated plant

communities (Mueller-Dombois et al. 1980). Ever since they were first established,

26 of these plots have been resampled at approximately 5 year intervals to track

changes in the trees and associated vegetation over time (Jacobi et al. 1983, 1988),

with the most recent analysis of the data from these plots completed in 2013

(Boehmer et al. 2013).

The results from the reassessment of the 26 permanent plots indicate that many

of the original dieback sites are now showing strong recovery of the ’ōhi‘a tree

canopy through recruitment of new seedlings that have now grown into saplings

and even taller trees (Boehmer et al. 2013). However, it was not clear if these results

truly represented the conditions across the entire original dieback area. Therefore,

we felt it was necessary to conduct a much larger survey of the response of ’ōhi‘a

forest to that dieback event across the entire wet forest region on the eastern side of

the island of Hawai‘i. To do this, we analyzed very high-resolution aerial imagery

(<10 cm pixels) to characterize both canopy and understory change throughout this

region.

13.2 Data and Methods

13.2.1 Original Data Sets

The original vegetation map that identified the full extent of the distribution of

’ōhi‘a dieback on the eastern side of the island of Hawai‘i (Fig. 13.1) was produced

by Jacobi (1990) using a visual analysis of black and white aerial photographs taken

of this area by the U.S. Geological Survey in 1977 (USGS VEED series images).

Since a stereoscope was used to examine the photos it was relatively easy to identify

areas that had experienced canopy dieback because they were viewed in a three-

dimensional optical display. Boundaries for the plant communities and dieback

areas were identified on the images and drawn directly on the photographs. The

mapped boundaries were then compiled onto scale-stable base maps using an

optical planimeter (Jacobi 1990).

The 26 permanent plots that were established in 1976–1980 were distributed

across the dieback region on the island of Hawai‘i to allow for a reassessment of the

vegetation over time (Mueller-Dombois et al. 1980) (Fig. 13.1). The detailed

locations of these plots and the descriptions of the vegetation have been

documented elsewhere (Jacobi et al. 1983, 1988; Boehmer et al. 2013). These

relevé plots were 20 � 20 m in size and all of the trees >5 m tall were permanently

marked, DBH measured, and assessed for their crown foliage vigor using the five

tree vigor classes described by Mueller-Dombois et al. (1980). Additionally, data

were recorded on the abundance of all woody species <5 m tall in subplots within

the relevé, as well as cover for all plant species within the plot in 1 m height classes.
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Fig. 13.1 Map by Jacobi (1990) showing the extent of ’ōhi‘a dieback on the eastern side of the

island of Hawai‘i based on aerial photographs taken in 1977. The circle symbols indicate the

approximate location of temporary (white) and permanent (black) relevé plots established across

this study area to monitor the vegetation in these forests
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Tree vigor classes included: (1) fully foliated crowns; (2) some defoliated branches,

10–50% of the crown dead; (3) most (>50%) of the upper crown branches

defoliated, but with some foliated adventitious branches along the trunk;

(4) recently dead trees with small branches and most of the bark remaining; and

(5) dead trees, with only major branches remaining and most of the trunk without

bark. A dieback index (DI) for each plot was calculated by dividing the sum of the

number of trees in vigor classes 3, 4, and 5 by the total number of trees. Plots with a

DI >50% were considered to be in dieback condition; plots with DI <50% were

considered to be in non-dieback condition.

13.2.2 New Data Collection

To assess the current status of the ’ōhi‘a forest canopy across the eastern side of the

island of Hawai‘i we used very high-resolution imagery collected by Pictometry

International (POL) (EagleView Technologies, Inc.), between the years 2008 and

2012. The POL imagery consists of 3-band (RGB) digital photographs taken from a

fixed-wing aircraft. Five images were taken at each POL photo point, one straight

down (vertical), and four oblique images that were aimed left, right, forward, and to

the rear of the path of the aircraft along its flightline. The POL imagery was then

georectified and a mosaic was made of the images before distribution for use. The

POL images can be viewed in either a vertical or oblique orientation using the POL

Connect viewer or in an interactive window through a POL add-in program for the

ESRI ArcMap 10 GIS (ESRI 2011). The POL Connect viewer includes tools for

establishing circular boundaries (plots) of a given diameter around a specific

location on the imagery. The circular plot boundary may appear to be distorted

when viewed in oblique mode due to corrections made for site terrain. POL Connect

additionally has a tool to measure the height of an object when viewing the image

obliquely.

We used the random points tool in ArcMap 10 to generate a set of 1331 virtual

sampling locations across the study area; 560 plots were located in areas that were

mapped by Jacobi (1990) as in heavy to severe dieback on the 1977 imagery; and

771 plots located in similar and adjacent wet forest habitat in this same area, but not

mapped as in dieback condition from the 1977 imagery. The coordinates for all of

these points were imported as a KMZ file into the POL Connect viewer for analysis.

A 100 m radius perimeter was established around each of the point locations using

the POL Connect circle tool. These circular plots were used to visually reassess the

current status of the ’ōhi‘a forest canopy and understory at each location. For each

plot we estimated the percent of trees>5 m tall that were dead or heavily defoliated

(i.e., vigor class 3–5). If the plot had >50% of its trees in this condition it was

considered to be in dieback condition; otherwise, it was classified as non-dieback

condition. All five of the views (vertical and four oblique) were used to make the

assessment for each plot.

To calibrate our assessment process we also constructed virtual plots around the

locations for each of the 25 permanent plots that had been established in 1976–1980

(one plot could not be relocated for reassessment after 1985), and compared our
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new assessment of canopy dieback for these locations with the most recent ground-

based resurvey of these plots that was conducted in 2003 (Boehmer et al. 2013).

13.3 Results and Discussion

The POL imagery proved to be an effective and efficient tool to use for assessing

the status of ’ōhi‘a forest across the eastern Hawai‘i Island study area. There was

adequate spatial and spectral resolution in the imagery to recognize the crown

condition in each plot, particularly when viewed in the oblique image mode using

the POL Connect viewer. Figures 13.2 and 13.3 show examples of how the

vegetation appeared from different vantage points (oblique versus vertical) using

the POL Connect viewer. Having the opportunity to select the four different oblique

views was extremely helpful for the canopy assessment, particularly since each

angle presented a different sun and shade perspective.

For our calibration set of 26 permanent plots that were sampled on the ground in

2003 by Boehmer et al. (2013) and with the POL assessment, 76% (19) of the plots

showed no difference in DI for the two methods, 12% (3) of the plots showed a

Fig. 13.2 Example of the Pictometry imagery taken in 2010 that was used for our analysis of the

current status of ’ōhi‘a forests on the eastern side of the island of Hawai‘i. This image is shown in

the Pictometry Connect online viewer
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reduction in the DI, and another 12% (3) showed an increase in the DI. The

difference in time between the two sampling times may explain why we saw

these slight differences. However, most of the plots remained in the same dieback

class for both times.

All of the ’ōhi‘a forest mapped as dieback by Jacobi in 1990 had a DI of �3

(heavy to severe). Therefore, all of the random plots we allocated to this mapping

stratum would have been in dieback condition. Likewise, all of the areas and their

associated random plots not mapped as dieback in this area at that time would have

been in non-dieback condition with a DI <3. In our 2013 assessment of this area

using the POL imagery, only 20% of the plots originally found in the dieback areas

were still in dieback condition. This means that the ’ōhi‘a canopy in 80% of the

plots had recovered to the point that they could no longer be considered in dieback.

For the part of the study area that was previously mapped in non-dieback condition,

only 8% of the POL plots were found to now be in dieback, indicating a slight

increase of canopy dieback into these areas. Examples of POL plots from each of

these types of forest are given in Figs. 13.4 and 13.5. A much more detailed analysis

of these results and their relationships to various environmental factors will be

published elsewhere (L. Mertelmeyer et al. in prep.).

The results of this large area survey of the distribution and intensity of ’ōhi‘a

canopy dieback on the eastern side of the island of Hawai‘i agree closely with the

conclusions presented by Boehmer et al. (2013). It appears that the large-scale

Fig. 13.3 Oblique views of the same forest location that is shown in Fig. 13.2. Orientation of the

images is (clockwise from the upper left image): viewed from the north, south, west, and east
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Fig. 13.4 Pictometry image taken in 2010 of an ’ōhi‘a forest on the eastern side of Hawai‘i Island

that was mapped as being in heavy canopy dieback on the 1977 aerial photographs (dieback index

>50%), but now shows very strong regeneration of a new cohort of ’ōhi‘a trees. The dieback index

for this site is now <5%. The upper image is a vertical view of the forest and the lower image

shows an oblique view from the south
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Fig. 13.5 Pictometry image taken in 2010 of an ’ōhi‘a forest on the eastern side of Hawai‘i Island

that was mapped as being in heavy canopy dieback on the 1977 aerial photographs (dieback index

>50%), and still shows many standing dead ’ōhi‘a trees. The dieback index for this site is still

>50%. The upper image is a vertical view of the forest and the lower image shows an oblique view

from the south

13 High-Resolution Aerial Imagery for Assessing Changes in Canopy Status in. . . 299



dieback event that was first noticed in this area in the mid-1960s has slowed down

its spread considerably and most of the former dieback areas are now showing a

clear recovery of their canopy as a result of the vigorous growth of a new cohort of

young ’ōhi‘a trees once the canopy was opened by the dieback event. However, a

small percentage (20%) of the former dieback forest has not recovered its canopy

and an even smaller percentage (8%) of the forest that was healthy in the 1970s is

now showing signs of dieback.
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