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Abstract
Long-term ecological studies are critical for providing key insights in ecology, environmental change, 
natural resource management and biodiversity conservation. However, island fire ecology is poorly un-
derstood. No previous studies are available that analyze vegetative changes in burned and unburned dry 
forest remnants on Wa’ahila Ridge, Hawai’i. This study investigates vegetation succession from 2008 to 
2015, following a fire in 2007 which caused significant differences in species richness, plant density, and 
the frequency of woody, herb, grass, and lichens between burned and unburned sites. These findings infer 
that introduced plants have better competitive ability to occupy open canopy lands than native plants 
after fire. This study also illustrates the essential management need to prevent alien plant invasion, and to 
restore the native vegetation in lowland areas of the Hawaiian Islands by removing invasive species out-
planting native plants after fire.
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Introduction

Fire has a significant influence on global ecosystems (Pyne et al. 1996, Robertson et 
al. 2015). Fire influences global vegetation patterns, shapes species characteristics, and 
reduces the plant biomass (Riano et al. 2002, Bond et al. 2005). Some plants have de-
veloped traits to cope with recurrent fires as fire intolerant species (Pausas et al. 2004, 
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Pausas and Keeley 2009). On the other hand, many plants belong to fire tolerant or 
fire resistant species such as Pondersosa Pine and Mountain Grey Gum tree (Knox and 
Clark 2005, Fitzgerald 2005, Kolb et al. 2007, Wesolowski et al. 2014). Understand-
ing the factors that govern the distribution of tropical dry forest and invasive species 
has important implications for projecting the response of Hawai’i lowland landscapes 
to disturbance regimes and managing lowland dry forest ecosystems after fire.

Islands are good locations to study the influence of biological mechanisms on eco-
system-level properties (Carlquist 1974, Vitousek et al. 1995). Island ecosystems are 
susceptible to species invasion (Vitousek 1988, Glen et al. 2013, Meng et al. 2014). 
The Hawaiian Islands are the most remote archipelago on Earth and a hotspot for 
biodiversity (Wagner et al. 1990, 2012; Gustafson 2014). Although many lineages of 
plants are species rich in Hawai’i, few of them have been studied in detail (Mueller-
Dombois and Fosberg 1998, Ziegler 2002, Mueller-Dombois and Boehmer 2013, 
Sherwood et al. 2014). One approach to the study of vegetation structure is to analyze 
diversity after a disturbance, such as a fire or a storm (Keeley 1986, Chen et al. 2013, 
Huston 2014, Pausas 2015, Burkle et al. 2015).

The mesic and dry forests of the Hawaiian Islands have been reduced due to habi-
tat loss, including development, and the introduction and spread of invasive plants and 
animals (Gagne and Cuddihy 1999, Mayer et al. 2004, Wichman and Clark 2013). 
The island of O’ahu has the highest human population density of all the islands. One 
major concern is balancing development and natural resource conservation (State of 
Hawai’i data book 2007, 2015). Governmental and non-government organizations 
(NGOs) have been involved in preserving native ecosystems, the current vegetation 
structure on O’ahu, particularly in lowlands, is not well-preserved and thus very dif-
ficult to understand their structure. The 2007 fire on Wa’ahila Ridge provided an op-
portunity to study vegetation succession.

While agriculture and alien plant invasion are responsible for significant landscape 
transformations in the Hawai’i, fires cause dramatic and immediate changes to the 
original vegetation (Ziegler 2002). Wa’ahila Ridge, the southern side of Mānoa Val-
ley, is characterized by a wetter winter and drier summer. It is a State Recreation Area 
on O’ahu. Little previous research on the vegetation ecology of this area has been re-
ported. In 2007, there was a wild fire disturbance on Wa’ahila Ridge (State of Hawai’i 
2007). This provided an opportunity to observe the post-fire vegetation structure and 
document the original vegetation on the unburned area. This research is a pioneer 
study to understand the effect of fire disturbance on the mesic forest on the lowland of 
O’ahu. This study was conducted after two fires occurred in the same location in the 
spring of 2015 (State of Hawai’i 2015).

In this study, the impacts of fire were examined by comparing the difference be-
tween burned and unburned plots. Plot level studies can provide an understanding 
of general post-fire sequences in forest ecosystems, landscape-scale monitoring, and 
analysis of post-fire recovery trajectories (Keeley and Keeley 1981, Keeley et al. 1981). 
Three hypotheses were tested. The first hypothesis is that the dominant species on 
unburned sites are woody plants because woody plants are the major component of in 
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mesic forests in the lowlands; grass plants are dominant on burned sites because grasses 
are good pioneer species. The second hypothesis is that native plants are less frequent at 
burned sites because alien plants have better competitive ability to occupy open spaces 
after a fire even though the reproductive periods of native and alien plants are similar. 
The third hypothesis is that species richness and plant density are greater on unburned 
sites than burned sites because the recovery time has only been one year and thus not 
enough for some plants to recolonize the area.

Methods

The study site is in Wa’ahila Ridge State Recreation Area on O’ahu in Hawai’i, at 
21°18'1"N and 157°48'41"W. The average elevation of burned and unburned sites 
is about 100 m. Mean annual precipitation is 1039-2400 mm, with 64-80% falling 
October through March (Giambelluca et al. 2013). Mean annual temperature is 24°C. 
The soil type is an Andisol (Woodcock et al. 1999).

The date of fire was July 5, 2007. It burned for at least 6 hours and covered about 
20 hectares (State of Hawai’i 2007). Seven years of data were collected on the fol-
lowing occasions: Oct. 2, 2008; Oct. 12, 2009; Nov. 1, 2010; Oct. 1, 2011; Oct. 7, 
2012; Oct. 5, 2013; and Oct. 4, 2014. Fifty unburned and 50 burned 1 m2 plots were 
examined. The plots were randomly distributed within unburned and burned sites, 
but at the same site from year to year. Species richness, plant density, species domi-
nance (based on frequency), and species diversity were examined on unburned area 
and burned areas.

Sampling followed the protocol of The Nature Conservancy of Hawai’i for long-
term vegetation monitoring (The Nature Conservancy 1993). The number of indi-
viduals of each species expressed as percentage of total was used as a measure of rela-
tive density in the plots. Species composition and abundance was measured in each 
plot. Plant species richness, plant density, plant dominance, frequency of native plants, 
woody plants, forb plants, grass plants, and lichens were calculated for unburned and 
burned sites. Species composition was identified based on taxonomy and then docu-
mented. The only previous record of a major disturbance on Wa’ahila Ridge was a fire 
in 1888 (Hillebrand 1888); however, it is not clear whether the current study sites 
were involved. Means, standard deviations, and paired T-tests were used to compare 
burned and unburned sites, and were calculated with MiniTab 17.

Results

One year after the fire, the proportion of alien species on unburned and burned sites 
was similar (Table 1). The dominant species on unburned sites is the alien woody 
plant, Leucaena leucocephala, and on burned sites, the alien invasive grass, Urochloa 
maxima dominates (Table 2). The species frequency indicates Leucaena leucocephala 
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Table 3. Percentage (%) Frequency of species on unburned and burned sites one year after the fire.

Unburned site % Burned Site %
Haematoxylum campechianum 12 Stapelia gigantea 6
Leucaena leucocephala 96 Urochloa maxima 98
Chloris barbata 2 Leuceana leucocephala 10
Grevillea robusta 18 Chamaecrista nictitans 4
Heteropogon contortus 52 Agave attenuata 4
Pimenta dioica 4 Chloris barbata 2
Urochloa maxima 40 Waltheria indica 26
Lichens (additional information) 94 Fucraea foetida 22

Kalanchoe pinnata 6
Hyptis pectinata 2
Senna septemtrionalis 2
Murraya paniculata 8

Table 1. Species re-sprouting and seed regenerating on unburned and burned sites one year after the fire. 
Heteropogon contortus and Waltheria indica are native species in Hawai’i. Heteropogon contortus, Chloris 
barbata, and Urochloa maxima are grass species. T is tree. G is grass. F is forb.

Unburned site Type Burned site Type
Haematoxylum campechianum T Stapelia gigantea F
Leucaena leucocephala T Urochloa maxima G
Chloris barbata G Leucaena leucocephala T
Grevillea robusta T Chamaecrista nictitans F
Heteropogon contortus G Agave attenuata F
Pimenta dioica T Chloris barbata G
Urochloa maxima G Waltheria indica F
Lichens (additional information) Fucraea foetida F

Kalanchoe pinnata F
Hyptis pectinata F
Senna septemtrionalis F
Murraya paniculata F

Table 2. Dominant species on burned and unburned sites one year after the fire.

Unburned site Burned site
Woody plant: Leucaena leucocephala Grass plant: Urochloa maxima
Individuals: 427 Individuals: 333
48/50 plots 49/50 plots

and lichens are high on unburned sites and Urochloa maxima is highest on burned sites 
(Table 3). The only woody species found in burned site is white lead-tree (Leucaena 
leucocephala). The frequency of this species at burned sites was much lower compared 
to unburned sites and partially indicates this species’ fire resistance. The only native 
grass, Heteropogon contortus, completely disappeared after this fire.
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Figure 1. The species richness on the unburned site and the burned site per 1 m2. Error bars are ± SD 
(n=50). T-value= 4.70, P-vale < 0.001.

Figure 2. The plant density on the unburned site and the burned site per 1 m2. Error bars are ± SD 
(n=50). T-value = 6.75. P-value < 0.001.

Species richness and plant density are greater on unburned sites than burned sites 
(Figs 1, 2) which supported the hypothesis. Frequency of lichens, woody plants, and 
native plants was greater on unburned sites than burned sites (Figs 3, 4). Frequen-
cies of forbs and grasses are lower on unburned sites than burned sites (Fig. 3). All 



Pei-Luen Lu & John K. DeLay  /  PhytoKeys 68: 51–64 (2016)56

Figure 3. The frequency of lichens, woody plants, forb plants, grass on the unburned site and the burned 
site per 1 m2. Error bars are ± SD (n=50). Lichens: T-value = 27.71; P-value < 0.001. Woody plants: T-
value = 18.96; P-value < 0.001. Forb plants: T-value = -7.90; P-value < 0.001. Grass: T-value = -3.72; 
P-value =0.001.

Figure 4. The frequency of native plants on the unburned site and the burned site per 1 m2. Error bars 
are ± SD (n=50). T-value = 6.50. P-value < 0.001.

differences were significant between burned and unburned sites. Figure 5 shows the 
individual numbers of dominant species at the burned and unburned sites from 2008 
to 2015. With increasing time, the gap between woody plants and grasses was get-
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Figure 5. The total individual numbers of dominant species on the unburned site and the burned site 
from 2008–2015.

ting larger. It appears the grass in burned site fills its niche 5 years after the fire but 
tree species in unburned site had not filled their niche yet. Figure 6 shows the major 
components in burned site. It indicates that among the three most abundant plants 

Figure 6. The total individual numbers of the top three dominant species on the burned site from 
2008–2015.
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in burned site, Agave and Waltheria forbs were less abundant than the invasive grass. 
Figure 7 shows that in unburned plots, the tree frequency is similar from 2008 to 2015 
with a positive trend. Native grass decreased but was not replaced by invasive grass, 
indicating woody plant encroachment in former native grass areas. In addition, if the 
species establish in the open canopy one year after the fire, not only are native species 
completely replaced by alien or invasive species, but competition for space becomes a 
limiting factor, particularly when the invasive grass achieves its optimal establishment 
after five years.

Discussion

Understanding long-term succession and fire ecology is essential interpreting ecosys-
tem fire responses and planning vegetation restoration. The results indeed supported 
the three hypotheses. The vegetation structure indicates that invasive plants were fa-
vored by the fire disturbance on Wa’ahila Ridge which created open spaces for pioneer 
species to establish seedlings more easily. Additionally, the environment surrounding 
the burned area was already dominated by invasive species which dominate the seed 
bank and few native species existed in the vicinity to contribute to the seed bank. Alien 
plants invasions in native ecosystems have become a topic of great concern in recent 
years, particularly in isolated island ecosystems such as the Hawaiian Islands (Loop 
and Mueller-Dombois 1989, Vitousek et al. 1987, McDaniel et al. 2008, Loope et al. 

Figure 7. The total individual numbers of the top three dominant species on the unburned site from 
2008–2015.
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2013, Vorsino et al. 2014). More than 800 introduced plant species that have become 
naturalized in the Hawaiian Islands (Vitousek et al. 1987, Wagner et al. 1990, 2012). 
This study site is an example where invasion is a serious issue.

The invasive grass Urochloa maxima was the dominant species on burned sites, 
whereas the alien woody plant Leuceana leucocephala was the dominant species on 
unburned sites. However, a high proportion of the native grass Heteropogon contortus, 
and U. maxima was also present on unburned sites. This indicates that after the fire 
U. maxima has a better competitive ability than the woody alien species Leuceana leu-
cocephala and the other alien grass species Agave attenuata to colonize quickly burned 
sites. Notably, many species occurred on burned sites that were not present on un-
burned sites. That suggests that the invasive plants on Wa’ahila Ridge have greater 
opportunity and ability to replace native plants in the short term after a fire.

Leucaena leucocephala is dominant in, and has highest frequency on, unburned 
sites. It indicates that this species has the ability to establish a large population on 
Wa’ahila Ridge. In addition, the native grass, Heteropogon contortus coexists equally 
with the invasive grass, Urochloa maxima on unburned sites, which infers that Leuceana 
leucocephala may play a critical role in the coexistence. In contrast, on burned sites, 
the invasive grass, Urochloa maxima has the highest frequency and other species have 
low frequency, which shows that the burned area is primarily occupied by the single 
species of U. maxima. Year by year, the burned site became dominated this single in-
vasive species, with scattered Agave attenuata, another dryland invasive species recently 
occurring in Hawai’i.

Although total species numbers on burned sites are higher than on unburned sites, 
the species numbers per plot are higher on unburned sites than burned sites. The results 
indicates that the species tends to be concentrated more in plots on the burned sites, 
but are more equally distributed over all plots on unburned sites. A possible explanation 
is that burned sites are dominated by grass and unburned sites are dominated by trees.

Plant density is greater on unburned sites. This indicates that a one-year recovery 
time is not enough for plant species to reach their maximum population density and 
burned materials may not provide enough nutrients to seedlings of the other types of 
plants, or after the fire disturbance invasive plants quickly occupy those open canopy 
and do not allow other species to dominate those areas. However, the plant density is 
trending towards similarity on burned and unburned sites year by year.

The results of this study support the findings of previous research on vegetation in 
the lowlands, which have a similar dynamic structure. For example, herbaceous species 
dominate the immediate post-burn environment, but most generally disappear after 
three to four years because they were shaded out by the recovering shrubs and trees 
in California (Keeley and Keeley 1981; Keeley et al. 1981). It has been documented 
that recurrent fires promote the presence of herbaceous species in Mediterranean type 
ecosystems in Spain and in California (Zedler et al. 1983, Faraco et al. 1993). Lichens 
have been promoted as a useful environmental indicator (Giordani et al. 2012, Li et 
al. 2013). No lichens exist on burned sites, but almost 100% of plots in the unburned 
sites have lichens. Records show that the unburned sites have not had any major distur-
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bances for few years so that the pre-fire vegetative structure on Wa’ahila Ridge was well 
established (Armstrong 2015, Merinero et al. 2015). In the post-fire recovery phase, 
the first to third year after the fire played important roles in determining the probabil-
ity of invasive or native tree, shrub, and grass recovery, contraction, or loss. (Ruiz et 
al. 2013, Pausas 2015). Dispersal affects the short-term and long-term persistence of 
patchily distributed species with patchily distributed resources in a highly temporally 
variable environment. Dispersal over even small distances reduce the opportunity of 
consequent density dependent interactions by moving seeds away from the immediate 
vicinity of parent plants but retaining them in a favorable area (Howe and Smallwood 
1982, Schupp 1995). Longer-distance dispersal involves risk, as few seeds typically 
reach sites suitable for germination and growth (Venable and Lawlor 1980) although 
the most invasive species tend to be very good at long distance dispersal. However, ac-
cording to other research reports, when local populations are subject to extinction or 
struggling to survive, in line with metapopulation theory, long-distance dispersal is re-
quired for populations to expand into new areas to discover better environments, and 
between-patch movement allows the persistence of subdivided populations (Hanski 
and Gilpin 1991, Cain et al. 2000, Howe and Miriti 2004). In this study, threatened 
native or endemic species were not observed establishing in the open canopy, indicat-
ing the competitive advantage of invasive or alien species.

In conclusion, this study provides primary data but fundamental information for 
policy makers develop appropriate conservation strategies to mitigate the serious loss of 
native habitats on O’ahu, Hawai’i and also provides useful information for island eco-
systems and tropical vegetation ecology. Seven years of field data show the vegetation 
changes over time. It suggests the vegetation will not be recovering to the pre-fire state 
and even worse. Other studies have shown that post-fire vegetative structure does tend 
to return to its pre-fire state (Keeley 1986, Ireland and Petropoulos 2015), however, 
those are because of the environment is full of relatively high proportion native spe-
cies. Thus, the content of native vs. invasive species around the fire disturbance plays a 
very significant role for vegetation succession. In this study, the pre-fire environment 
was already depauperate in native species and thus after the fire disturbance, the seed 
bank provided more invasive species than native species. Future studies should address 
spatial factors in studies of post-fire vegetation dynamics, as the spatial arrange ment 
of patches in the landscape and the seed dispersal mechanisms are crucial processes 
influencing plant dispersal and colonization.

Acknowledgements

Professor Donald R. Drake and Lara S. Reynolds gave helpful suggestions in this study. 
Neeva Shrestha, Professor Chalita Bundhuwong, and Asheshwor Man Shrestha as-
sisted with the fieldwork. Thanks also to Professor Clifford W. Morden for identifying 
species and providing commentary.



Vegetation and fire in lowland dry forest at Wa’ahila Ridge on O’ahu, Hawai’i 61

References

Armstrong RA (2015) Lichen Growth and Lichenometry. In: Upreti DK, Divakar PK, Shuk-
la V, Bajpai R (Eds) Recent Advances in Lichenology. Springer India, 213–227. doi: 
10.1007/978-81-322-2181-4

Bond WJ, Woodward FI, Midgley GF (2005) The global distribution of ecosystems in a world 
without fire. New Phytologist 165(2): 525–537. doi: 10.1111/j.1469-8137.2004.01252.x

Burkle LA, Myers JA, Belote RT (2015) Wildfire disturbance and productivity as drivers of plant 
species diversity across spatial scales. Ecosphere 6(10): 1–14. doi: 10.1890/es15-00438.1

Carlquist S (1974) Island Biology. Columbia University Press, New York and London, 660 pp. 
doi: 10.5962/bhl.title.63768

Chen S, Chen B, Fath BD (2013) Ecological risk assessment on the system scale: a review of 
state-of-the-art models and future perspectives. Ecological Modelling 250: 25–33. doi: 
10.1016/j.ecolmodel.2012.10.015

Cain ML, Milligan BG, Strand AE (2000) Long distance seed dispersal in plant populations. 
American Journal of Botany 87: 1217–1227. doi: 10.2307/2656714

Faraco AM, Fernández F, Moreno JM (1993) Post-fire vegetation dynamics of pine wood-
lands and shrublands in Sierra de Gredos, Spain. In: Trabaud L, Prodon R (Eds) Fire in 
Mediterranean Ecosystems, Ecosystems Research Report 5. Commission of the European 
Com munities, Brussels-Luxembourg, 101–112.

Fitzgerald SA (2005) Fire ecology of ponderosa pine and the rebuilding of fire resistant pon-
derosa pine ecosystems. In: Ritchie MW, Maguire DA, Youngblood A (Eds) Proceedings 
of the Symposium on Ponderosa Pine: Issues, Trends, and Management. USDA Forest 
Service General Technical Report PSW-GTR-198, 197–225.

Gagne WC, Cuddihy LW (1999) Vegetation. In: Wagner WL, Herbst DR, Sohmer SH (Eds) 
Manual of the Flowering Plants of Hawai’i. University of Hawai’i Press and Bishop Mu-
seum Press, Hawai’i, 45–114.

Giambelluca TW, Chen Q, Frazier AG, Price JP, Chen Y-L, Chu P-S, Eischeid JK, Delparte 
DM (2013) Online Rainfall Atlas of Hawai’i. Bulletin of the American Meteorological 
Society 94: 313–316. doi: 10.1175/BAMS-D-11-00228.1

Giordani P, Brunialti G, Bacaro G, Nascimbene J (2012) Functional traits of epiphytic lichens as 
potential indicators of environmental conditions in forest ecosystems. Ecological Indicator 
18: 413–420. doi: 10.1016/j.ecolind.2011.12.006

Glen AS, Atkinson R, Campbell KJ, Hagen E, Holmes ND, Keitt BS, Parkes JP, Sanders A, 
Sawyer J, Torres H (2013) Eradicating multiple invasive species on inhabited islands: the 
next big step in island restoration? Biological Invasions 15(12): 2589–2603. doi: 10.1007/
s10530-013-0495-y

Gustafson R, Herbst DR, Rundel PW (2014) Hawaiian Plant Life: Vegetation and Flora. Univer-
sity of Hawai’i Press, Honolulu, Hawai’i, 336 pp.

Hanski I, Gilpin M (1991) Metapopulation dynamics: brief history and conceptual domain. 
Biological Journal of the Linnean Society 42: 3–16. doi: 10.1111/j.1095-8312.1991.
tb00548.x

http://dx.doi.org/10.1007/978-81-322-2181-4
http://dx.doi.org/10.1007/978-81-322-2181-4
http://dx.doi.org/10.1111/j.1469-8137.2004.01252.x
http://dx.doi.org/10.1890/es15-00438.1
http://dx.doi.org/10.5962/bhl.title.63768
http://dx.doi.org/10.1016/j.ecolmodel.2012.10.015
http://dx.doi.org/10.1016/j.ecolmodel.2012.10.015
http://dx.doi.org/10.2307/2656714
http://dx.doi.org/10.1175/BAMS-D-11-00228.1
http://dx.doi.org/10.1016/j.ecolind.2011.12.006
http://dx.doi.org/10.1007/s10530-013-0495-y
http://dx.doi.org/10.1007/s10530-013-0495-y
http://dx.doi.org/10.1111/j.1095-8312.1991.tb00548.x
http://dx.doi.org/10.1111/j.1095-8312.1991.tb00548.x


Pei-Luen Lu & John K. DeLay  /  PhytoKeys 68: 51–64 (2016)62

Hillebrand W (1888) Flora of the Hawaiian Islands: a description of their phanerograms and 
vascular cryptogams. B. Westermann & co., New York, 673 pp.

Howe HF, Miriti MN (2004) When seed dispersal matters. BioScience 54: 651–660. doi: 
10.1641/0006-3568(2004)054[0651:WSDM]2.0.CO;2

Howe HF, Smallwood J (1982) Ecology of seed dispersal. Annual Review of Ecology and 
Systematics 13: 201–228. doi: 10.1146/annurev.es.13.110182.001221

Huston MA (2014) Disturbance, productivity, and species diversity: empiricism vs. logic in 
ecological theory. Ecology 95(9): 2382–2396. doi: 10.1890/13-1397.1

Ireland G, Petropoulos GP (2015) Exploring the relationships between post-fire vegetation 
regeneration dynamics, topography and burn severity: A case study from the Montane 
Cordillera ecozones of western Canada. Applied Geography 56: 232–248. doi: 10.1016/j.
apgeog.2014.11.016

Keeley JE (1986) Resilience of Mediterranean shrub communities to fires. In: Dell B, Hopkins 
AJM, Lambert BB (Eds) Resilience in Mediterranean-type Ecosystems. Dr. W. Junk Pub-
lishers, Dordrecht, 95–121. doi: 10.1007/978-94-009-4822-8_7

Keeley JE, Keeley SC (1981) Post-fire regeneration of California chaparral. American Journal 
of Botany 68(4): 524–530. doi: 10.2307/2443028

Keeley SC, Keeley JE, Hutchinson SM, Johnson AW (1981) Post-fire succession of the 
herbaceous flora in southern California chaparral. Ecology 62(6): 1608–1621. doi: 
10.2307/1941516

Kolb TE, Agee JK, Fule PZ, McDowell NG, Pearson K, Sala A, Waring RH (2007) Perpetuat-
ing old ponderosa pine. Forest Ecology and Management 249: 141–157. doi: 10.1016/j.
foreco.2007.06.002

Li S, Liu WY, Li DW (2013) Bole epiphytic lichens as potential indicators of environmental 
change in subtropical forest ecosystems in southwest China. Ecological Indicator 29: 93–
104. doi: 10.1016/j.ecolind.2012.12.012

Loope LL, Hughes RF, Meyer JY (2013) Plant invasions in protected areas of tropical Pacific 
islands, with special reference to Hawai’i. In: Foxcroft LC, Pyšek P, Richardson DM, 
Genovesi P (Eds) Plant invasions in protected areas. Springer, Dordrecht, 313–348. doi: 
10.1016/j.ecolind.2012.12.012

Loope L, Mueller-Dombois D (1989) Characteristics of invaded islands, with special reference 
to Hawai’i. In: Drake J (Ed.) Biological Invasions: A Global Perspective. John Wiley & 
Sons, SCOPE 37: 257–280.

McDaniel S, Loh R, Dale S, Smith K, Vaidya M (2008) Rehabilitation of ‘ōhi’a-swordfern 
(Metrosideros polymorpha-Nephrolepis multiflora) woodlands following the Kupukupu Fire, 
Hawai’i Volcanoes National Park. Pacific Cooperative studies unit technical report, Uni-
versity of Hawai’i at Mānoa, Department of Botany, Honolulu, Hawai’i, 160.

Meng R, Dennison PE, D’Antonio CM, Moritz MA (2014) Remote Sensing Analysis of Vegeta-
tion Recovery following Short-Interval Fires in Southern California Shrublands. PLoS ONE 
9(10): e110637. doi: 10.1371/journal.pone.0110637

Merinero S, Martíneza I, Rubio-Salcedoa M, Gauslaab Y (2015) Epiphytic lichen growth in 
Mediterranean forests: Effects of proximity to the ground and reproductive stage. Basic 
and Applied Ecology 16(3): 220–230. doi: 10.1016/j.baae.2015.01.007

http://dx.doi.org/10.1641/0006-3568(2004)054%5B0651:WSDM%5D2.0.CO;2
http://dx.doi.org/10.1641/0006-3568(2004)054%5B0651:WSDM%5D2.0.CO;2
http://dx.doi.org/10.1146/annurev.es.13.110182.001221
http://dx.doi.org/10.1890/13-1397.1
http://dx.doi.org/10.1016/j.apgeog.2014.11.016
http://dx.doi.org/10.1016/j.apgeog.2014.11.016
http://dx.doi.org/10.1007/978-94-009-4822-8_7
http://dx.doi.org/10.2307/2443028
http://dx.doi.org/10.2307/1941516
http://dx.doi.org/10.2307/1941516
http://dx.doi.org/10.1016/j.foreco.2007.06.002
http://dx.doi.org/10.1016/j.foreco.2007.06.002
http://dx.doi.org/10.1016/j.ecolind.2012.12.012
http://dx.doi.org/10.1016/j.ecolind.2012.12.012
http://dx.doi.org/10.1016/j.ecolind.2012.12.012
http://dx.doi.org/10.1371/journal.pone.0110637
http://dx.doi.org/10.1016/j.baae.2015.01.007


Vegetation and fire in lowland dry forest at Wa’ahila Ridge on O’ahu, Hawai’i 63

Mueller-Dombois D, Boehmer HJ (2013) Origin of the Hawaiian rainforest and its transition 
states in long-term primary succession. Biogeoscience 10(7): 5171–5182. doi: 10.5194/
bg-10-5171-2013

Mueller-Dombois D, Fosberg FR (1998) Vegetation of tropical Pacific islands. Springer-Verlag, 
New York, 461–640. doi: 10.1007/978-1-4419-8686-3

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J (2004) Biodiversity hot-
spots for conservation priorities. Nature 403: 853–858. doi: 10.1038/35002501

Pausas JG (2004) Changes in fire and climate in the eastern Iberian Peninsula (Mediterranean 
basin). Climatic Change 63: 337–350. doi: 10.1023/B:CLIM.0000018508.94901.9c

Pausas JG (2015) Evolutionary fire ecology: lessons learned from pines. Trends in Plant Science 
20(5): 318–324. doi: 10.1016/j.tplants.2015.03.001

Pausas JG, Keeley JE (2009) A burning story: The role of fire in the history of life. Bioscience 
59: 593–601. doi: 10.1525/bio.2009.59.7.10

Riano D, Chuvieco E, Ustin S, Zomer R, Dennison P, Roberts D, Salas J (2002) Assessment of 
vegetation regeneration after fire through multitemporal analysis of AVIRIS images in the 
Santa Monica Mountains. Remote Sensing of Environment 79(1): 60–71. doi: 10.1016/
S0034-4257(01)00239-5

Robertson KM, Poulos HE, Camp AE, Tyrrell M (2015) Introduction to Fire Ecology of 
the Northeast: Restoring Native and Cultural Ecosystems. Journal of Sustainable Forestry 
34(1): 1–5.

Ruiz PZ, Sah JP, Ross MS, Spitzig AA (2013) Tree island response to fire and flooding in the 
short-hydroperiod marl prairie grasslands of the Florida Everglades. Fire Ecology 9(1): 
38–54. doi: 10.4996/fireecology.0901038

Pyne SJ, Andrews PL, Laven RD (1996) Introduction to Wildland Fire (2nd Ed.). John Wiley 
& Sons, New York, 168–169.

Schupp EW (1995) Seed–seedling conflicts, habitat choice, and patterns of plant recruitment. 
American Journal of Botany 82: 399–409. doi: 10.2307/2445586

Sherwood AR, Conklin KY, Liddy ZJ (2014) What’s in the air? Preliminary analyses of 
Hawai’ian airborne algae and land plant spores reveal a diverse and abundant flora. Phyco-
logia: 53(6): 579–582. doi: 10.2216/14-059.1

State of Hawai’i data book (2007) State of Hawai’i, Department of Business, Economic Develop-
ment and Tourism Press, Honolulu, Hawai’i.

State of Hawai’i data book (2015) State of Hawai’i, Department of Business, Economic Develop-
ment and Tourism Press, Honolulu, Hawai’i.

The Nature Conservancy (1993) The Long term biology and threat monitoring PeleKula Preserve. 
Honolulu, Hawai’i.

Vitousek PM, Loope LL, Adsersen H (1995) Islands – Biological Diversity and Ecosystem Func-
tion. Springer, Berlin, Heidelberg, 238 pp. doi: 10.1007/978-3-642-78963-2

Venable DL, Lawlor L (1980) Delayed germination and dispersal in desert annuals: escape in 
space and time. Oecologia 46: 272–282. doi: 10.1007/BF00540137

Vitousek PM, Walker LR, Whiteaker LD, Muellerdombois D, Matson PA (1987) Biological 
Invasion by Myrica-Faya Alters Ecosystem Development in Hawai’i. Science 235(4790): 
802–804. doi: 10.1126/science.238.4828.802

http://dx.doi.org/10.5194/bg-10-5171-2013
http://dx.doi.org/10.5194/bg-10-5171-2013
http://dx.doi.org/10.1007/978-1-4419-8686-3
http://dx.doi.org/10.1038/35002501
http://dx.doi.org/10.1023/B:CLIM.0000018508.94901.9c
http://dx.doi.org/10.1016/j.tplants.2015.03.001
http://dx.doi.org/10.1525/bio.2009.59.7.10
http://dx.doi.org/10.1016/S0034-4257(01)00239-5
http://dx.doi.org/10.1016/S0034-4257(01)00239-5
http://dx.doi.org/10.4996/fireecology.0901038
http://dx.doi.org/10.2307/2445586
http://dx.doi.org/10.2216/14-059.1
http://dx.doi.org/10.1007/978-3-642-78963-2
http://dx.doi.org/10.1007/BF00540137
http://dx.doi.org/10.1126/science.238.4828.802


Pei-Luen Lu & John K. DeLay  /  PhytoKeys 68: 51–64 (2016)64

Vitousek PM (1988) Chapter 20: Biodiversity and Biological invasions of Oceanic Islands. In: 
Wilson E O’s Biodiversity. Harvard University Press, 181–189.

Vorsino AE, Fortini LB, Amidon FA, Miller SE, Jacobi JD, Price JP, Gon III SO, Koob GA 
(2014) Modeling Hawai’ian Ecosystem Degradation due to Invasive Plants under Current 
and Future Climates. PLoS ONE 9(5): e95427. doi: 10.1371/journal.pone.0095427

Wagner WL, Herbst DR, Khan N, Flynn T (2012) Hawai’ian vascular plant updates: a supple-
ment to the manual of the flowering plants of Hawai’i and Hawai’i’s ferns and fern allies. 
http://botany.si.edu/pacificislandbiodiversity/Hawai’ianflora

Wagner WL, Herbst DR, Sohmer SH (1990) Manual of the flowering plants of Hawai’i. 2 
vols, Bishop Museum Special Publication 83. University of Hawai’i Press and Bishop Mu-
seum Press, Honolulu, Hawai’i, 1351–1354.

Wesolowski A, Adamsb MA, Pfautsch S (2014) Insulation capacity of three bark types of 
temperate Eucalyptus species. Forest Ecology and Management 313(1): 224–232. doi: 
10.1016/j.foreco.2013.11.015

Wichman C, Clark M (2013) Toward the Implementation of Global Strategy for Plant Conser-
vation Targets 1 to 3 in Hawai’i. Annals of the Missouri Botanical Garden 99(2): 236–243. 
doi: 10.3417/2011104

Woodcock D, Perry JL, Giambelluca T (1999) Occurrence of indigenous species in a middle-
elevation Melaleuca plantation on O’ahu. Pacific Science 53: 159–167.

Zedler PH, Gautier CR, McMaster GS (1983) Vegetation change in response to extreme 
events: the effect of a short interval between fires in California chaparral and coastal scrub. 
Ecology 64(4): 809–818. doi: 10.2307/1937204

Ziegler AC (2002) Hawaiian Natural History, Ecology, and Evolution. University of Hawai’i 
Press. Honolulu, Hawai’i, 504 pp.

http://dx.doi.org/10.1371/journal.pone.0095427
http://botany.si.edu/pacificislandbiodiversity/Hawai%E2%80%99ianflora
http://dx.doi.org/10.1016/j.foreco.2013.11.015
http://dx.doi.org/10.1016/j.foreco.2013.11.015
http://dx.doi.org/10.3417/2011104
http://dx.doi.org/10.2307/1937204

	Vegetation and fire in lowland dry forest at Wa’ahila Ridge on O’ahu, Hawai’i
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References

