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Summary

Despite Hawaii’s reputation as an extinction icon, significant biological resources remain, 
especially in watersheds, natural areas, and specialized edaphic sites (e.g., lava dry forest, 
coastal). While direct habitat destruction by humans continues, human-facilitated 
biological invaders are currently the primary agents of continuing degradation. The ability 
of invasive plants to have prolific seed production, efficient dispersal systems, and to become 
established in dense vegetation, complicated by Hawaii’s rugged topography, appears to 
render mechanical and chemical control as mere holding actions. Costly, ‘environmentally 
unfriendly’, and often ineffective, strategies using chemical and mechanical control on a large 
scale, despite the most valiant of efforts, can be viewed simply as attempts to buy time. Without 
increased levels of safely tested biological control, the seemingly inevitable result is the 
landscape level transformation of native forests, with potentially catastrophic consequences 
to cultural, biological, water, and economic resources. Increased levels of effective 
biological control for certain intractable invasive species appear to comprise a conspicuous 
‘missing piece’ in our efforts to protect Hawaiian watersheds and other conservation lands.

Evolution of Hawaiian Biota 

The Hawaiian Islands are comprised of eight 
major high islands (19-22°N) and scattered small 
islands stretching northwest to 28°N.  Hawaii is 
a world biodiversity hotspot and much like the 
Galapagos archipelago provides abundant textbook 
examples of evolutionary adaptive radiation in 
isolation, for decades having been a premier 
study site for evolutionary processes (Givnish et 
al., 2009; Baldwin and Wagner, 2010; Lerner et 
al., 2011). Substantial archipelago age, a highly 
isolated geographical position (ca. 4,000 km) 
from the nearest continent, and  a remarkably 
wide range of microclimates from dry to very wet 
(with 200-10,000 mm mean annual precipitation) 

are all apparent drivers of the development of 
Hawaii’s renowned biota and perhaps  its relative 
vulnerability to invasions (Loope, 2011).  Among 
animals, honeycreeper birds, drosophilid flies, 
long-horned and proterhinid beetles, crickets, 
microlepidoptera, and several groups of land snails 
are notable radiations, while among plants, the 
silversword alliance, lobelias, mints and gesneriads 
are conspicuous radiations. Among the most notable 
groups are the over 50 species of the extremely diverse 
Hawaiian honeycreepers evolved from a common 
cardueline finch ancestor, believed to have arrived 
from Asia just over 5 million years ago (Lerner et al., 
2011). Biodiversity conservation challenges of the 
islands are perhaps best epitomized by these birds 
(Pratt et al., 2009), though similar challenges exist 
for many other endemic plants and animals.
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aquifers. Public agency awareness of the importance 
of watersheds was crucial to the establishment of 
Hawaii’s Watershed Partnerships beginning some 
20 years ago. The intent of these regional coalitions 
is to protect upland watersheds in order to facilitate 
water collection, promote water recharge and 
conservation, and prevent watershed degradation 
through erosion and siltation (http://hawp.org). 
An important concurrent goal is to protect native 
biological diversity to the extent practical. 

Threats to Remaining Natural Areas 
and Watersheds

Arriving about a millennium ago, Hawaiians 
deliberately introduced about 32 plant species for 
utilitarian purposes (Nagata, 1985) and, presumably 
inadvertently, about eight species of minor weeds 
(Wester, 1992). Since arrival of Europeans in 1778, 
approximately 13,000-15,000 species of non-native 
plants have been introduced; 1,200 of these are 
now naturalized, compared to a total native flora 
of approx. 1,200 species. Of introduced non-native 
species, about 100 non-native plant species in 
Hawaii are causing significant damage in natural 
areas (Smith, 1985; Stone et al.,1992).  Invasive 
alien species may reach such high densities that 
they become community dominants, threaten entire 
native ecosystems and their component biodiversity, 
and threaten ecosystem services (Meyer and 
Florence, 1996; Denslow and Hughes, 2004). The 
International Union for the Conservation of Nature 
(IUCN) Invasive Species Specialist Group (ISSG) 
published a list of “100 of the World’s Worst Invasive 
Alien Species” (Lowe et al., 2000).  Of the 32 species 
among the hundred classified as ‘land plants’, Hawaii 
has 22.

While direct habitat destruction, first by 
Polynesians and now by modern humans, continues 
(especially of lowland and leeward ecosystems), 
human-facilitated biological invaders (weeds, 
non-native ungulates, rodents, and predators) are 
the primary agents of continuing degradation of 
biodiversity in Hawaii. A limited number of invasive 
plant species constitute the most important threat to 
extensive remaining native ‘ohi’a lehua (Metrosideros 
polymorpha Gaudich.) forests in Hawaii, which 
dominate moist, higher elevation areas (>ca. 900 

Value of Remaining Natural Areas  
and Watersheds 

Though Hawaii is world renowned for its 
tremendous losses to biodiversity and natural 
communities, montane watersheds, natural areas, 
and specialized edaphic sites such as dry forest on 
lava and coastal vegetation on saline sands still 
continue to support communities of native species. 

Losses of Hawaiian biota are significant not only 
biologically but also culturally. In Hawaiian culture, 
native biota and forests are critically important in 
both utilitarian and spiritual regards. They serve 
as indispensible sources of indigenous material 
culture, providing feathers, medicines, wood, fibers, 
and flowers and ferns for garlands (lei). The original 
native Hawaiian belief system recognized multiple 
gods, some dwelling in forested areas and taking 
earthly manifestations (kinolau) as particular plants 
within the forest. To Hawaiians, dense mountain 
forests were termed ‘wao ‘akua’, literally ‘place (of) 
god’. 

In terms of human economics, the density of 
human populations living at first world standards 
on a limited land base in a highly isolated location 
has made Hawaii’s watersheds, which are the 
sole sources of its potable and agricultural water, 
especially critical resources. With populations 
growing rapidly (predicted to double on Maui in the 
next 15-20 years), an increased and consistent water 
supply, especially in times of coming climate change, 
appears to be one of the islands’ most important 
limiting factors. Not surprisingly, watershed 
conservation has traditionally received much 
attention in Hawaii, and the issue is now widely 
recognized as crucial. One recent economic study 
focused on aquifer recharge in Oahu’s  Koolau Mts. 
as the most direct benefit from tropical watershed 
conservation. The study calculated that if recharge to 
the aquifer from the Koolau Mts. ceased altogether, 
the reduction of inflow to the aquifer would be 
approximately 133 MGD/day, with a lost net present 
value of $4.6 to $8.6 billion (Kaiser et al., n.d.).  In 
most Hawaiian watersheds, annual precipitation 
averages 4,000-6,000mm/yr. Watershed forest cover 
and composition is thought to largely determine how 
much of the water will run off, how much sediment 
it will carry, and how much it will recharge regional 
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m elevation). As a consequence, in many areas, this 
community is being progressively displaced by non-
native plant species (Denslow, 2003; Medeiros 2004). 
Besides serving as refugia for native biota, ‘ohi’a lehua 
forests are also critically important economically 
as their distribution largely coincides with source 
areas of potable water. Research is only beginning to 
document the impacts of individual species (Asner 
and Vitousek, 2005; Kagawa et al. 2009) but three 
important vignettes are presented here to illustrate 
the magnitude of the problem.  

Rapid invasion of Hawaiian watersheds by the 
quick growing Neotropical tree miconia (Miconia 
calvescens DC.) in the 1990s raised concerns about 
potential adverse hydrological impacts, especially on 
the steep slopes characteristic of Hawaii’s watersheds 
(Conant et al., 1997).  In part, these concerns were 
based on the behavior of the species in Tahiti – 
notably the formation of dense monotypic stands 
with little or no ground-covering vegetation (Meyer 
and Florence, 1996).  Miconia’s dense, large foliage 
dramatically reduces sub-canopy light levels and 
strongly inhibits survival and establishment of other 
plant species – often leaving near-barren soil surfaces.  
Giambelluca et al. (2009) demonstrated that the 
large leaves produce large through-fall drops during 
and after rain storms that reach high levels of kinetic 
energy and can result in substantial impacts to the 
soil, likely creating high rates of soil detachment, 
erosion, and reduced rates of infiltration.

The Brazilian tree strawberry guava (Psidium 
cattleianum Sabine) was introduced nearly two 
centuries ago and since has arguably achieved 
greater local dominance in Hawaiian watersheds 
and more negative effects on endemic species than 
any other invasive plant species (Medeiros, 2004; 
Asner et al., 2009). Invasion of P. cattleianum is 
currently being locally facilitated by the N-fixing 
invasive tree, Falcataria moluccana (Miq.) Barneby & 
J.W.Grimes (Hughes and Denslow, 2005). Takahashi 
et al. (2011), in a pioneering though preliminary 
study in Hawaii Volcanoes National Park, compared 
hydrologic properties of a P. cattleianum dominated 
stand to a comparable stand nearby comprised of 
native M. polymorpha. Cloud water interception at 
the native site was higher than in the invaded stand, 
likely because the characteristics of the native M. 
polymorpha tree facilitate more effective harvesting 
of cloud water droplets. Species invasion results in 

a lower proportion of precipitation reaching the 
forest floor and becoming available for groundwater 
recharge, suggesting that invasion by P. cattleianum 
may have significant negative effects on Hawaii’s 
aquatic ecosystems and water resources. 

Species brought from continental areas, having 
been separated from predators or pathogens of their 
native habitat (DeWalt et al., 2004), are often able to 
substantially outgrow Hawaii’s endemic species. One 
dramatic well-documented example is the invasive 
Australian tree fern, Cyathea (Sphaeropteris) cooperi  
(Hook. Ex F. Muell.) Domin., that has been shown 
to be extremely efficient at utilizing soil nitrogen 
and is enabled to grow 6x as rapidly in height (15cm 
annually vs. 2-3cm), maintain 4x more fronds, 
and produce significantly more fertile fronds per 
month than the native Hawaiian endemic tree 
ferns, Cibotium spp. (Durand and Goldstein, 2001a, 
2001b). Additionally, whereas Cibotium spp. provide 
an ideal substrate for epiphytic growth of many 
understory ferns and flowering plants, C. cooperi has 
the effect of impoverishing the understory and fails 
to support an abundance of native epiphytes with 
consequent reduction of local biological diversity 
(Medeiros and Loope, 1993). 

Conclusions

Current strategies of management agencies in 
Hawaii tasked with control of invasive plant species 
have focused on chemical and manual control 
methodologies, sometimes in conjunction with 
technical advancements such as directed herbicide 
application by helicopter.  However, the ability of 
invasive plants to have prolific seed production, 
efficient dispersal systems, and to become established 
in dense vegetation, complicated by Hawaii’s rugged 
topography, appears to render these primarily 
mechanical and chemical controls as mere holding 
actions for established species. An integrated pest 
management approach towards Hawaii’s invasive 
species problems would include as its components: 
exclusion of new weed species and genotypes via 
quarantine and inspections, traditional management 
(fences and ungulate removal), expedient 
eradication/control of incipient invaders, research, 
public education, and a biological control program 
for the most problematic species.



     209

XIII International Symposium on Biological Control of Weeds - 2011

Session 5      Prospects for Weed Biological Control in Pacific Islands

In the Hawaiian Islands, invasive plant species 
which are beyond chemical and mechanical control 
yet are amongst the most serious habitat modifying 
species include the trees Miconia calvescens, Morella 
(Myrica) faya (Aiton) Wilbur (fayatree), Psidium 
cattleianum, Falcataria moluccana (albizia), and 
Schinus terebinthifolius Raddi (Christmas berry); tree 
fern Cyathea cooperi; shrubs Clidemia hirta (L.) D. 
Don (Koster’s curse), Ulex europaeus L. (gorse), and 
Rubus ellipticus Focke (yellow Himalayan raspberry); 
forbs Cortaderia jubata (Lemoine ex Carrière) Stapf 
(pampas grass), Hedychium gardnerianum Ker-
Gawl. (kahili ginger), Rubus argutus Link (Florida 
blackberry), Tibouchina herbacea (DC.) Cogn (cane 
tibouchina), and Verbascum thapsus L. (mullein); 
and the vine Passiflora tarminiana Coppens & 
Barney (banana poka). 

Without increased levels of safely tested 
biological control, the seemingly inevitable result 
is landscape level transformation of native forests 
with potentially catastrophic consequences to 
cultural, biological, water, and economic resources. 
Increased levels of effective biological control for 
certain intractable invasive species appear to be the 
most conspicuous ‘missing piece’ in efforts to protect 
Hawaiian watersheds.

References

Asner, G.P., Hughes, R.F., Varga, T.A., Knapp, D.E. 
& Kennedy-Bowdoin, T. (2009) Environmental 
and biotic controls over aboveground biomass 
throughout a tropical rain forest. Ecosystems 12, 
261–278.

Asner, G.P. & Vitousek, P.M. (2005) Remote analysis 
of biological invasion and biogeochemical change. 
Proceedings of the National Academy of Sciences, 
USA 102, 4383–4386.

Baldwin, B.G. & Wagner, W.L. (2010) Hawaiian 
angiosperm radiations of North American origin.  
Annals of Botany 105, 849–879.

Conant, P., Medeiros, A.C. & Loope, L.L. (1997) A 
multi-agency containment program for miconia 
(Miconia calvescens), an invasive tree in Hawaiian 
rain forests. In Assessment and Management of 
Invasive Plants (eds Luken, J. & Thieret, J.), pp. 
249–254. Springer, Berlin.

Denslow, J.S. (2003) Weeds in paradise: Thoughts on 

the invasibility of tropical islands. Annals of the 
Missouri Botanical Garden 90, 119–127.

Denslow, J.S. & Hughes, R.F. (2004) Exotic plants 
as ecosystem dominants. Weed Technology 18, 
1283–1287. 

DeWalt, S.J., Denslow, J.S. & Ickes, K. (2004) Natural-
enemy release facilitates habitat expansion of an 
invasive tropical shrub Clidemia hirta. Ecology 
85, 471–483.

Durand, L.Z. & Goldstein, G. (2001a) Growth, leaf 
characteristics, and spore production in native 
and invasive tree ferns in Hawaii. American Fern 
Journal 91, 25–35.

Durand, L.Z. & Goldstein, G. (2001b) Photosynthesis, 
photoinhibition, and nitrogen use efficiency in 
native and invasive tree ferns in Hawaii. Oecologia 
126, 345–354. 

Giambelluca, T.W., Sutherland, R.A., Nanko, K., 
Mudd, R.G. & Ziegler, A.D. (2009) Effects of 
Miconia on hydrology: A first approximation. 
In Proceedings of the International Miconia 
Conference, Keanae, Maui, Hawaii, May 4–7, 
2009 (eds Loope, L.L., Meyer, J.Y., Hardesty, 
B.D., & Smith, C.W.), Maui Invasive Species 
Committee and Pacific Cooperative Studies Unit, 
University of Hawaii at Manoa. http://www.hear.
org/conferences/miconia2009/proceedings/

Givnish, T.J., Millam, K.C., Mast, A.R., Paterson, 
T.B., Theim, T.J., Hipp, A.L., Henss, J.M.,Smith, 
J.F., Wood, K.R. & Sytsma, K.J. (2009) Origin, 
adaptive radiation and diversification of the 
Hawaiian lobeliads (Asterales: Campanulaceae). 
Proceedings of the Royal Society of London, B 
276, 407–416.

Hughes, R.F. & Denslow, J.S. (2005) Invasion by a 
N2-fixing tree alters function and structure in wet 
lowland forests of Hawaii. Ecological Applications 
15, 1615–1628.

Kagawa, A., Sack, L., Duarte, K. & James, S. (2009) 
Hawaiian native forest conserves water relative 
to timber plantation: Species and stand traits 
influence water use. Ecological Applications 19, 
1429–1443.

Kaiser, B., Pitafi, B., Roumasset, J. & Burnett, 
K. (n.d.) The Economic Value of Watershed 
Conservation. Honolulu: University of Hawaii 
Economic Research Organization, Online 
Report, http://www.uhero.hawaii.edu/assets/
EconValueWatershed.pdf



210

XIII International Symposium on Biological Control of Weeds - 2011

Session 5      Prospects for Weed Biological Control in Pacific Islands

Lerner, H.R.L., Meyer, M., James, H.F., Hofreiter, M. 
& Fleischer, R.C. (2011) Multilocus resolution of 
phylogeny and timescale in the extant adaptive 
radiation of Hawaiian honeycreepers. Current 
Biology 21, 1–7.

Loope, L.L. 2011. Hawaiian Islands: invasions. In 
Encyclopedia of Invasive Introduced Species (eds. 
Simberloff, D. & Rejmánek, M.), pp.  309–319. 
University of California Press, Berkeley.

Lowe, S., Browne, M., Boudjelas, S. & De Poorter, 
M. (2000) 100 of the World’s Worst Invasive Alien 
Species. The Invasive Species Specialist Group 
(ISSG), a specialist group of the Species Survival 
Commission (SSC) of The World Conservation 
Union (IUCN), 12pp.

 Medeiros, A.C. (2004) Phenology, reproductive 
potential, seed dispersal and predation, and 
seedling establishment of three invasive 
plant species in a Hawaiian rain forest. Ph.D. 
dissertation, Department of Botany, University of 
Hawaii at Manoa.

Medeiros, A.C. & Loope, L.L. (1993) Differential 
colonization by epiphytes on native (Cibotium 
spp.) and alien tree ferns in a Hawaiian rain forest. 
Selbyana 14, 71–74.

Meyer, J.-Y. & Florence, J. (1996) Tahiti’s native flora 
endangered by the invasion of Miconia calvescens 
DC. (Melastomataceae). Journal of Biogeography 
23, 775–781.

Nagata, K.M.( 1985) Early plant introductions to 
Hawai`i. Hawaiian Journal of History 19, 35–61.

Pratt, T.K., Atkinson, C.T., Banko, P.C., Jacobi, J.D. 
& Woodworth, B.L. (eds), (2009) Conservation 
of Hawaiian Forest Birds: Implications for Island 
Birds. Yale University Press, New Haven, CT.

Smith, C.W. (1985) Impact of alien plants on Hawaii’s 
native biota. In Hawaii’s Terrestrial Ecosystems: 
Preservation and Management. (eds. Stone, C.P. 
& Scott, J.M.) pp. 180–250. Cooperative National 
Park Studies Unit, Department of Botany, 
University of Hawaii, Honolulu, Hawaii.

Stone, C.P., Smith, C.W. & Tunison, J.T. eds. (1992), 
Alien Plant Invasions in Native Ecosystems of 
Hawaii: Management and Research. Cooperative 
National Park Resources Studies Unit, University 
of Hawaii, Honolulu, Hawaii. 887p.

Takahashi, M., Giambelluca, T.W., Mudd, R.G., 
DeLay, J.K., Nullet, M.A.& Asner, G.P. (2011) 
Rainfall partitioning and cloud water interception 
in native forest and invaded forest in Hawaii 
Volcanoes National Park. Hydrological Processes 
25: 448–464,

Wester L. (1992) Origin and distribution of 
adventive alien flowering plants in Hawaii. In 
Alien Plant Invasions in Native Ecosystems of 
Hawaii: Management and Research. (eds. Stone, 
C.P.Smith, C.W. & Tunison, J.T) pp. 99–154. 
Cooperative National Park Resources Studies 
Unit, University of Hawaii, Honolulu, Hawaii.


