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Abstract: Diverse mesic forests in the northern Wai‘anae Mountains of O‘ahu support a vibrant mix of endangered species. 
Unfortunately, much of this forest is heavily invaded by Psidium cattleianum, an exotic tropical tree hailing from South America.  The 
invasive characteristics of P. cattleianum are well documented, as is the threat it poses to native taxa.  The Oahu Army Natural Resource 
Program (OANRP) conducted an informal trial investigating strategies for removal of P. cattleianum monocultures (100m2) which 
suggested clear-cutting and chipping slash efficiently controlled the invasive tree while allowing re-colonization by native plants.  Based on 
this, in 2010 and 2012 OANRP removed 0.9 ha of dense P. cattleianum from Kahanāhaiki Gulch with the goal of reducing alien vegetation 
cover, increasing native vegetation cover and diversity, and connecting surrounding native forest patches.  This project included flying a 
chipper into the site to grind up large slash piles.  Clearing work was done by full-time staff in 2010, and by a combination of full-time and 
temporary staff in 2012.  As feasible, initial clearing was timed to coincide with the senescence of the P. cattleianum seed bank, 3-6 months 
post fruiting, to minimize seedling germination.  Volunteers conducted much of the follow-up weed control.  Encouragingly, the native tree 
Acacia koa recruited heavily into the site.  One opportunistic restoration outplanting was conducted of Canavalia galeata.  Extensive hand-
broadcast of a fast growing native herb, Bidens torta, was performed. Photopoints were used to document the dramatic changes at the site.  
Plots comparing the areas cleared in 2010 and 2012 indicate that while both native vegetation cover and species richness dropped one 
month after clearing, after five years, both recovered and greatly exceeded pre-clearing levels, while P. cattleianum cover remained low.  
While this aggressive strategy had high initial costs, with a moderate level of follow-up, native forest reclaimed the area.

Psidium cattleianum (strawberry guava, waiawi), forms dense monocultures, grows quickly, has allelopathic
properties, forms deep shade, and has tasty, bird-dispersed fruit (HPWRA, 2012). Few native species thrive 
in P. cattleianum stands, and it is not appropriate or preferrred habitat for rare taxa. It is the dominant weed 
in Kahanāhaiki. Seeds remain viable in the soil for less than three months (Uowolo and Denslow, 2008). 
This suggests that if control is timed before fruiting periods in summer and winter, recruitment from seed 
can be minimized. P. cattleianum is susceptible to triclopyr (Garlon 4) applied to basal bark (< 3” diameter), 
girdled trunks, and cut stumps. 

2010 June
Prior to clearing. All 

clearing completed here in 
June and July. 

2010 Sept.
2 months post-clearing

2011 July
12 months post-clearing

2012 July
24 months post-clearing

2013 April
33 months post-clearing

2014 Dec.
53 months post-clearing

2015 July
60 months post-clearing

The entire project area was 
covered in a dense stand of P. 
cattleianum, typical of this photo. 
A variety of size classes are 
present, although most trees 
ranged from 5-15 cm in diameter.

Piles of chips cover most of the 
cleared area. Staff limited the size 
of chip piles to reduce the 
likelihood of compost fires. Re-
sprouting P. cattleianum stumps 
are visible in the foreground. Note 
the spindly Psydrax odorata tree 
uncovered during clearing in the 
center of the photo. 

Large B. torta plants colonize 
open ground, excluding deep chip 
piles. Alyxia stellata vines appear 
to be recovering in the foreground, 
after being trampled during initial 
clearing. 

Native understory plants filled in 
much of the open area. Note the A. 
koa saplings in the background, 
yellow flowers of B. torta in the 
mid-ground, and the tangle of A. 
stellata in the foreground. 

The P. odorata is notably fuller, 
perhaps due to increased light, 
decreased competition, or reduced 
alleleopathic effects. Much of the 
background is completely filled 
with A. koa saplings. Tall B. torta
shrubs dominate the mid-ground.  

Few native plants are visible in 
this stand of P. cattleianum.

While most vegetation was 
chipped, large limbs and trunks 
were stacked into piles. Leafy 
branches comprised the greatest 
volume of slash, and were the 
highest priority for chipping. 
Volunteers used some limbs and 
chips to line access trails.

On the right side of the photo, 
large B. torta shrubs cover much 
of the open ground. In the fore-
ground, a fast growing A. koa,   
has already reached 1 m in   
height. In the background, note  
the stand of mature A. koa
uncovered during clearing. 

Within two years, A. koa saplings 
have obscured the view from this 
photopoint. These trees are 
between 1.5 – 2.5 m tall. 

While many of the hundreds of A. 
koa recruits did not survive, the 
trees visible here thrived, and just 
three years after clearing form a 
canopy.  Note the twining vine A. 
stellata climbing through the A. 
koa branches on the left side of  
the photo. 

Prior to clearing, A. stellata was 
the most common native species  
in the canopy.  Unsurprisingly, A. 
stellata levels dropped greatly 
post-clearing, but as is evident in 
this photo, the vine rebounded 
vigorously over time.  

Very encouraging results are 
visible after five years. Not only 
has A. koa formed a canopy, but 
native plants have also colonized 
the understory. Large patches of 
Nephrolepis exaltata subsp. 
hawaiiensis stretch across the 
ground. 

The change evident in this 
photopoint series is dramatic. 
Despite the drastic techniques 
used, native vegetation reclaimed 
the project site. Regular follow-up 
weeding was critical to preventing 
the proliferation of understory 
weeds during this time. 

The understory has completely 
filled in four years after clearing. 
While short-lived B. torta is still 
present, other native species now 
thrive in the site. A canopy of A. 
koa is visible in the background. 

Left: species richness among plots 
in chipped areas over time. 
Median species richness changed 
significantly (p < 0.001 each) over 
time in all categories. The decline 
in native canopy richness 
immediately following chipping is 
primarily due to the decline of A. 
stellata. Non-native understory 
richness increased after 2 years, 
while native understory richness 
initially declined, later increasing 
by 2-5 years post-chipping. 

Photopoint Methodology: Flagged and tagged PVC poles were installed throughout the proposed work site. Photos were taken from the poles in 
the four cardinal directions. A compass and print-outs of the September 2010 set of photopoints aided staff in lining up each photo. Unfortunately camera type, focal 
length, and precise angle varied over the years due to changes in observers. The photopoint series below showcase the dramatic changes seen at the project site.

Species Richness

Right: total species observed 
among all plots in chipped areas 
over time. Initially, diversity 
declined for all categories. From 
2-5 years, all categories became 
more diverse except for the non-
native canopy, which rebounded 
only to its original level. 

Percent Cover

Vegetation Monitoring Methodology:
Monitoring of understory and canopy vegetation following P. cattleianum
clearcutting was conducted in 2012 and 2015. During monitoring, all native 
and non-native species present in the understory and canopy in 1x3m plots 
were recorded. Hemispheric photographs of the canopy were taken from the 
middle of each plot, with canopy cover measured using Gap Light Analyzer 
(GLA), Version 2.0 software (Frazer et al. 1999). Native and non-native 
understory percent cover was categorically recorded in 1x1m plots as 0-25, 
25-50, 50-75, or 75-100%. Canopy cover, native and non-native understory 
cover, and species richness were analyzed using Kruskal-Wallis tests. Species 
frequencies were analyzed using chi-square and Fisher’s exact tests. Analyses 
were performed in IBM SPSS Statistics Version 20. 

Above: Native (left) and non-native (right) taxon frequencies in the 
understory among plots over time. Notable changes are highlighted 
in the tables to either side. While removing P. cattleianum created 
large light gaps, allowing for the proliferation of a variety of other 
weeds, it also allowed for the recovery of a host of native plants. 
Many of the weeds colonizing the project area are short-lived and 
sun-loving (for example, C. bonariensis) and are expected to decline 
as canopy cover increases. Other weeds, such as C. hirta, thrive in 
shade and will require continued follow-up. The native taxa found in 
the site, span a variety of growth forms and light preferences. 
Interestingly, A. stellata frequency first decreased to 0, before 
recovering almost to original levels. The dramatic increase in A. koa
is key to the recovery of the area.

Project Description: 

Left: total canopy cover over time. 
Prior to chipping, the area was 
densely canopied and dominated by 
non-native taxa. Immediately 
following clearing, the canopy was 
largely open. After 2 years, canopy 
cover remained low and was 
predominantly native. After 3-5 
years, the canopy continued to refill 
primarily with native taxa. 

Above: Non-native (left) and native (right) taxon frequencies in the canopy 
among plots over time. Notable non-native taxa changes include reductions in 
P. cattleianum (100 to 5%, p < 0.001) and S. terebinthifolius (43 to 10%, p = 
0.018). Interesting native taxa changes include increases in A. koa (0 to 70%, 
p < 0.001) and fluctuations in A. stellata which experienced a net decline (86 
to 45%, p = 0.006). However, A. stellata rebounded significantly (p = 0.001) 
between < 1 month, when no plants were noted, and 5 years post-chipping. 

Species Frequencies

Time elapsed 
after chipping

Non-native
understory

Native 
understory

Control 75-100% 0-25%
< 1 month 0-25% 0-25%

2 years 0-25% 25-50%
3 years 25-50% 25-50%
5 years 0-25% 25-50%

Right: understory cover over 
time. Understory cover followed 
a similar pattern as canopy cover. 
Non-native vegetation dominated 
prior to chipping, but decreased 
immediately after chipping (p < 
0.001), and stayed low for 5 
years. Native vegetation cover 
increased (p < 0.001) by 2 years 
after chipping. 

Non-native Taxa Frequenc
y Change P value

Clidemia hirta 5 to 40% 0.009
Conya bonariensis 0 to 35% 0.004
Crassocephalum

crepidioides
0 to 45% < 0.001

Mesosphaerum
pectinatum

0 to 40% 0.001

Rubus rosifolius 0 to 65% < 0.001
Psidium

cattleianum
90 to 25% < 0.001

Native Taxa Frequenc
y Change P value

Acacia koa 0 to 75% < 0.001
Bidens torta 0 to 60% < 0.001

Cocculus
orbiculatus

0 to 30% 0.009

Coprosma
foliosa

5 to 45% 0.004

Dianella
sandwicensis

0 to 45% < 0.001

Alyxia stellata 86 to 80% -
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Conclusions:
• Restoration of P. cattleianum stands through aggressive weed control 

(clearcutting and chipping) can be highly effective. 
• Native Hawaiian mesic forest can be very resilient. Within 5 years, both 

understory and canopy coverage reached approximately 50% vegetative 
cover. 

• Seed broadcast of the short-lived perennial shrub Bidens torta was 
successful in creating large beds of this taxon within 2 years. Establishing a 
native ground cover likely reduced weed invasion. 

• Outplanting is not necessary for restoration, although it may speed the 
process further. 

• Follow-up weed control is critical to project success, and 
must be sustained for at least 5 years after initial clearing. 

• The size of the project area should be based on the 
estimated area staff can commit to conducting follow-up 
weed control in, rather than the size of the area which can 
be clearcut in a given season. 

Project Phase Duration Effort 
(person hours)

Area 
Cleared (ha)

2010 Clearing 2 months 456 0.36
2012 Clearing 5 months 519 0.54

All Clearing (sum) 7 months 975 0.90
Re-treatment and 

follow up weed control
5 years 1,027 -

The Kahanāhaiki Management Unit (MU), located in the northern Wai‘anae Mountains, is home to a variety of endangered 
plants, one endangered tree snail, and some high-value stands of mesic forest. OANRP manages Kahanāhaiki, with the goal of 
protecting rare taxa and improving habitat. The MU is fenced free of ungulates and rats are suppressed throughout via a rodent 
trap grid. Like much of O‘ahu’s mesic forest, Kahanāhaiki is infested with non-native plants. While initial efforts focused 
weeding around native forest patches, vegetation monitoring conducted in 2009 indicated that non-native taxa comprised more 
than 50% cover across the MU. More aggressive efforts were needed to push non-native cover below the 50% threshold and 
meet restoration goals. To that end, staff built on informal trials conducted in 2002 which indicated that clearing stands of
Psidium cattleianum could trigger vigorous growth of the native hardwood tree Acacia koa. 

In 2010, staff identified a large stand of P. cattleianum in the southern, mostly 
flat end of the MU. Patches of native forest bordered the site and some mature 
A. koa persisted within the P. cattleianum stand. At the time, no rare taxa were 
known from within site. Staff began clear-cutting the P. cattleianum with 
chainsaws. To minimize the volume of slash created, a wood-chipper was flown 
into the work site. The chipper, Bandit model 65 XP, weighs 2,850 lbs, and was 
flown into place by a contracted Huey helicopter ($3,000/hr). In the 2002 trial, a 
small, lightweight chipper was used; while it was easy to transport, the small 
chipper required staff to spend large amounts of time cutting slash small enough 
to fit the hopper, and was simply not efficient in the field. 

Acacia koa

P. cattleianum with 
green, immature 
fruit. Controlling 
trees before fruit 

matures red is ideal. 

Left and above: 
Flying the chipper 
into Kahanāhaiki . 

Other gear was flown 
to the work site with 
a Hughes 500. 

Working at the project site. When not in use, the 
chipper was covered with a protective tent. The chipper easily handled 

6” diameter trunks.
By placing boards 
under the wheels, staff 
could move the chipper 
around the site. 

Sometimes a ‘come-along’ 
winch was needed as well. 

During clearing work, staff discovered the 
endangered tree snail, Achatinella
mustelina, on a tree in the site. Work halted 
due to the threat of accidentally chipping 
snails or creating an inhospitably hot 
environment. Staff developed a protocol to 
follow in future to avoid potential A. 
mustelina impacts, including conducting 
both night and daytime snail surveys.  

Achatinella
mustelina

Decomposing chips 
release heat; to 
minimize the risk of 
fire, many small piles 
of chips were made. 

Bidens torta

In 2012, staff continued clearing work at the site. 
While permanent staff conducted all clearing work in 
2010, in 2012 at least half the work was carried out 
by temporary staff. Between 2010 and 2015, follow-
up weed control and site maintenance was carried out 
by both staff and volunteers. More time was spent on 
follow-up work than initial clearing. 

Hundreds of A. koa
germinated across the 
work site, prior to any 
other colonizers. To 
provide cover across the 
area, staff broadcast 
locally collected Bidens
torta seed. Previous trials 
indicated such broadcasts 
effectively created robust 
stands of the perennial 
shrub. 

Young A. koa. Carpets of B. torta germinating 
from seed broadcasts.

Aerial view of the 
work site, late 2010

Volunteers provided critical assistance 
by conducting follow-up weed control.

Many P. cattleianum stumps 
resprouted, likely because they 
escaped herbicide treatment, or 
were treated too long after they 
were cut. They were re-treated 
as part of maintenance work. 
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