






























keystone species: a species on which other species 

in an ecosystem largely depend, such that if it 

were removed, the ecosystem would change 

drastically 





Rapid ‘Ōhi‘a Death (ROD)

Two new species of fungi 

Ceratocystis huliohia and C. lukuohia







“Hawaiian dry forests were wahi

pana (literally ‘celebrated or 

legendary place”). If the oceans 

were the refrigerator of the earlu

Hawaiians, the dry forests were their 

toolboxes.” 

Dr. Isabella Abbott, Hawaiian 

ethnobotanist



Auwahi has more species of native tree 

species than any other forest in Maui 

County. 

Of the 50 species of trees at Auwahi:

19 species (38%) for medicine,

13 species (26%) for tool-making,

13 species (26%) for canoe building

13 species (26%) for house building

8 species (16%) for tools for making kapa

8 species (16%) for weapons

8 species (16%) for fishing,

8 species (16%) for dyes, and

7 species (14 %) for religious purposes
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Ecological restoration:

the practice of renewing and restoring degraded, 

damaged, or destroyed ecosystems and habitats 

by active human intervention.



In ecological restoration, there are few tools in 

the toolbox

a single new technique, such as the nurse shrub 

technique developed and honed at Auwahi, 

can be a game changer

In this case, working smart is much more 

effective than working hard





10-acre Auwahi exclosure as viewed from Google Earth



Post-restoration vegetation changes Auwahi 

forest restoration area (1997-2012):

Medeiros, vonAllmen and Chimera, 2014
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Native species naturally reproducing 

by seed, Auwahi I exclosure:

TREE AND TALL SHRUB SPECIES:

Charpentiera obovata

Claoxylon sandwicense

Pipturus albidus

Chrysodracon auwahiense

Coprosma foliosa

Diospyros sandwicense

Dodonaea viscosa

Leptecophylla tameiameiae

Myrsine lanaiensis

Myrsine lessertiana

Nestegis sandwicensis

Ochrosia haleakalae

Osteomeles anthyllidifolia

Planchonella sandwicensis

Santalum ellipticum

Santalum haleakalae var. lanaiense

Sophora chrysophylla

Streblus pendulinus

Wikstroemia monticola

HERB AND LOW SHRUB SPECIES:

Alyxia oliviformis var. myrtillifolia

Argemone glauca

Bidens micrantha var. kalealaha

Carex wahuensis

Cocculus trilobus

Euphorbia celastroides var. lorifolia

Mariscus hillebrandii ssp. hillebrandii

Panicum tenuifolium

Peperomia leptostachya

Sicyos pachycarpus

Vigna o-wahuensis



Big question: does forest restoration 

equate to aquifer restoration? 





pasture 

woodland 

restored 

native  

forest



results: 

Average velocity

(cm/min)

Increase in 

% volumetric water

Depth of 

sensors
Forest Grassland Forest Grassland

0-50 cm 6.7 4.7 0.096 0.054

50-75 cm 10.6 8.2* 0.44 0.10*

75-100 cm 15.8 0.9** 0.11 0.025**

P-values are calculated from 2-sample t-tests, assuming unequal variance.

* significant at 95% confidence level, ** significant at 99.9% confidence level



results:

▪ in restored native forest at the 1m depth, water transport 
was significantly faster (99% confidence level) and more 
efficient (greater water content) than in the kikuyu grasslands 
(99% confidence level)

▪ the Auwahi experiment demonstrated that native forest 
restoration altered soil-water properties on decadal time 
scale, increasing deep percolation, a fundamental component 
of aquifer recharge.

▪ non-native kikuyu grasslands at Auwahi and likely elsewhere 
appear to strongly deter downwards water movement and 
blocking deep percolation.



Perkins, K. S., J. R. Nimmo, A. C. Medeiros , D.J. Szutu, and E.I. von Allmen. 2014. Assessing effects of native reforestation 

on soil moisture dynamics and potential aquifer recharge, Auwahi, Maui. Ecohydrology DOI:10.1002/eco.1469.

Perkins, K. S., J. R. Nimmo, and A. C. Medeiros. 2012. Effects of native forest restoration on soil hydraulic properties, 

Auwahi, Maui, Hawaiian Islands. Geophysical Research Letters 39 (5): L05405. 



kikuyu dominated areas





“Native forests and grasslands worldwide have been converted 

to developed lands or invaded by exotic species due to human 

activities. These pressures are predicted to increase with 

population growth and climatic stress in coming decades, 

escalating concerns for the viability of native species and 

communities that are affected. Ecological restoration is frequently 

offered as a partial solution to these changes because less 

stressed ecosystems may be more tolerant of novel changes in the 

environment. In this sense, restoration could provide a strategy for 

enhancing ecological resilience, given escalating problems 

associated with invasives and a changing climate. “

Improving restoration to control plant invasions under climate 

change (Guo and Norman 2012)



“By aiming to restore ecosystem resilience, plant 

communities can endure in the face of drastic 

disturbance-whether induced by climate change 

or biotic invasion”  

“Resilient ecosystems come back even after 

severe disturbances, but ecosystems that are not 

resilient will slowly drift or suddenly shift away 

from what’s desired or expected”

Improving restoration to control plant invasions 

under climate change (Guo and Norman 2012)





Restoration requires 

many hands…

When beginning the 

volunteer tree planting 

program over 20 

years ago, a decision 

was made that this 

was an important 

opportunity for the 

public to actually 

participate and 

witness an important  

watershed restoration 

effort









































Auwahi Forest Restoration Project

volunteer trips have run continuously for the past 

20 years involving 4,547 community volunteers

113,000 saplings of 42 native forest species 

planted in Auwahi

volunteer tree planting trips every other 

Saturday

all seeds gathered within 1 mile of exclosure and 

grown in dibble tubes by two commercial 

nurseries

to be on our volunteer list, email us at 

volunteer@auwahi.org 



Education is the most 

powerful weapon 

which you can use to 

change the world.

Nelson 

Mandela









Auwahi’s regional position assists in early detection of priority invaders 

across Haleakala 
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Ho’okuleana

to foster or promote 

a sense of 

responsibility



Auwahi project synopsis:

Involving and educating the community in the stewardship for native watersheds 

and their care

As arguably the leading restoration project Statewide, Auwahi has for two 

decades been developing regional ecological restoration best practices for Maui 

County and Hawai’i as a whole.

Auwahi’s ‘green squares’, the forest restoration areas, still offer perhaps the most 

compelling proof positive in the Hawaiian islands that reforestation with native 

species is feasible.

Globally, quantitative evidence linking restored forests and aquifer function is 

rare. I am honored to have contributed to that global data base with our 

hydrological publications and research  at Auwahi

Auwahi is a powerful living botanical garden, for over 40 species of native trees, 

especially important in light of ROD and climate change impacts 



pau

Auwahi Forest Restoration Project

Art Medeiros, Ph.D., program manager

artcmedeiros@gmail.com

www.auwahi.org


