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Abstract
Lantana camara L. is known to be one of the world’s worst invasive species, yet in Hawai‘i, 
where it has been present for decades, little is known about factors influencing its establishment. 
This study examines the influence of tree composition and disturbance, including fire and 
disturbance corridors, on its spread at the edge of its current distribution. Our aim was to assess 
whether lantana spreads in association with particular plants, disturbances, or environmental 
features within protected areas. Using 100 m2 plots, we measured vegetation cover, soil depth, 
evidence of pig disturbance and presence of fallen trees in 105 plots (84 randomly generated and 
21 selected for presence of lantana) across submontane woodland in Hawai‘i Volcanoes National
Park on Hawai‘i Island. We found that lantana was more common than expected in association 
with the native nitrogen-fixing tree Sophora chrysophylla, and less common than expected near 
the exotic nitrogen-fixing tree Morella faya. Fire also strongly predicted its occurrence as did 
proximity to roads: it was absent from all unburned plots, and in burned areas it was more 
common within 200 m of roads. Thus, three factors facilitated invasion by lantana: fire, roads, 
and presence of a native nitrogen fixing tree.
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Introduction

Lantana camara L. (hereafter lantana) is considered one of the world’s 100 worst weeds; 

it poses a serious problem in more than 60 countries, and it continues to spread (Invasive Species

Specialist Group 2013). Lantana is able to invade in a wide range of habitats and 

temperature/rainfall gradients (Sharma et al. 2005). If conditions permit, it can grow rapidly, 

flower throughout the year, and produce a copious supply of seeds (Sharma et al. 2005; 

Osunkoya et al. 2012). Once established, it is a strong competitor and can inhibit the 

regeneration of native vegetation (Fensham et al. 1994; Sharma et al. 2005; Gooden et al. 2009). 

Phenolic compounds in its leaves and stems may be allelopathic to plants and toxic to animals 

(Hussain and Roychoudhury 1992; Sharma et al. 2007). High lantana density has been associated

with decreased species richness for plants and animals alike in the invaded environment 

(Fensham et al. 1994; Gooden et al. 2009). 

Both experimental and observational studies demonstrate that lantana invasion is 

promoted by disturbance (Fensham et al. 1994; Duggin and Gentle 1998; Sharma et al. 2005). 

Lantana is commonly found close to roads, trails and canals, and soil disturbance resulting from 

animal activity can facilitate its vegetative propagation (Sharma et al. 2005). Additionally, fire 

increases both seed germination and seedling establishment of lantana (Sundaram and Hiremath 

2011). Although lantana burns in hot, dry conditions, healthy mature plants are fire tolerant and 

will survive low intensity fires (Gujral and Vasudevan 1983; Duggin and Gentle 1998).  In these 

low intensity fires, the loss of other vegetation can create more space for lantana to spread 

(Sharma et al. 2005; Berry et al. 2011). Lantana grows well in high light environments, 

particularly in conjunction with high nutrient soils common to burned and other disturbed areas 

(Duggin and Gentle 1998). 

Disturbances including non-native ungulate grazing, invasive grass-fueled fires, and 

creation of roads, trails, and fuel breaks have degraded the Hawaiian Islands’ dry and seasonally 
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dry ecosystems. Grass-fueled fires in particular appear to be driving widespread transformation 

of these ecosystems from native open woodlands to alien grasslands (Hughes et al. 1991; 

D’Antonio et al. 2011). Fire is known to promote the spread of alien grasses and could also 

create opportunities for further invasion by other exotic species such as lantana. Although 

lantana has been the target of biological control in Hawai‘i since the early 1900s, it has yet to be 

eradicated and may even be expanding its range within the Hawaiian Islands (Wagner et al. 

1999; Stone and Pratt 2002). 

The aim of this study is to investigate factors influencing lantana’s spread within 

seasonally dry submontane woodlands in Hawai‘i Volcanoes National Park (hereafter, HAVO), 

where lantana has been increasing (C. D’Antonio and E. August-Schmidt, pers. obs.). 

Specifically, we address the following questions: (1) Are there specific factors influencing the 

distribution of lantana in Hawai‘i? and, (2) Which environmental features influence where 

lantana invades most successfully? Based on its behavior in other ecosystems, we hypothesized 

that (i) lantana would be preferentially associated with corridors such as fuel breaks or roads, 

where it can disperse well and take advantage of high resource availability along disturbed 

edges, and that (ii) because it has been shown elsewhere to thrive under high light and high 

nitrogen (Duggin and Gentle 1998; Stock and Wild 2000), lantana would show a non-random 

and preferential association with high nitrogen plants, particularly those that have an open 

canopy. We further hypothesized that (iii) lantana would be more abundant in areas that had 

burned compared to intact, unburned native woodland.

Materials and Methods

Study species and its history on Hawai‘i

Lantana camara L. is an ornamental shrub in the family Verbenaceae. Lantana was first 

planted on Hawai‘i Island in the mid 19th century (Stone and Pratt 2002). No native birds are 
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known to eat lantana seeds, but following the introduction in 1865 of the common myna 

(Acridotheres tristis) and other exotic fruit-eating birds, lantana began to spread rapidly 

throughout the island’s pastures, shrublands, and native forest (Stone and Pratt 2002). Over 20 

species of insects have been introduced since the early 1900s to eradicate lantana from Hawai‘i 

(Stone and Pratt 2002). A century later lantana continues to spread throughout the lowlands and 

more recently into the submontane zone.  Its distribution in Hawai’i is centered in dry to mesic 

habitat (Vorsino et al. 2014).

Study region

Our study site was located in the seasonally dry submontane zone of HAVO on Hawai‘i 

Island (19°23′0″N 155°12′0″W) at 900m elevation (Figure 1). All surveyed plots were in a 

relatively flat area near Kīpuka Nēnē, and on 750 to 1000 year old pāhoehoe lava flows with 

surface ash deposits from less than 10 cm to over 30 cm deep (D’Antonio et al. 2000). Average 

annual rainfall is approximately 1500mm/yr with mostly dry summers and mean annual 

temperature above 22º C. 

<<Fig. 1 near here>>

Before the first grass-fueled fires burned much of the area in 1970, the evergreen tree 

Metrosideros polymorpha (‘ōhi‘a) dominated what was then woodland; the understory was made

up primarily of evergreen indigenous woody species including the shrubs Leptocophylla 

tameiameia, Dodonaea viscosa, Osteomeles anthyllidifolia and Wikstroemia phillyreifolia 

(D’Antonio et al. 1998). At present, several native sedges are also common but native grasses are

rare. Schizachyrium condensatum, a perennial grass from South America, invaded these 

woodlands during the 1960s from adjacent ranchland by filling in space between woody plants; it

provided the fuel for the fires that transformed the area (D’Antonio et al. 2000). Melinis 

minutiflora, another non-native grass which invaded the area later, increases in cover after fires 
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(Hughes et al. 1991; D’Antonio et al. 2000) and persists for decades (D’Antonio et al. 2011). 

Native shrubs are slowly recruited into burned sites, although Melinis minutiflora still dominates 

most burned areas within the region. In addition to exotic grasses, exotic woody shrubs including

lantana, Psidium guajava and Pluchea odorata are present. Nitrogen-fixers also form part of the 

HAVO woodland, such as endemic Sophora chrysophylla (māmane), a medium-sized, open-

canopied tree and exotic Morella faya (faya), a densely canopied, rapidly growing tree. Plant 

invaders that appear in these sites, such as lantana, likely disperse into the area via birds, feral 

pigs, or by wind. A small amount of feral pig activity is evident in some of these sites, as well as 

numerous fallen trees, cracks, holes, and tubes in the dominant pāhoehoe lava substrate. 

Site Selection

We used a random number generator limited by our target latitude and longitude to 

choose GPS points within a 1.4km × 1.2km area bounded by Hilina Pali Road to the west, a fuel 

break to the south, and the edge of the 1987 burn to the east. At each point, we centered a 10m × 

10m plot.  Sites were rejected if they fell within recently anthropogenically disturbed areas. This 

included sites where the National Park Service staff conducted exotic species removals (e.g. 

Morella faya removal or a Cenchrus purpureus treatment area) and sites within the old Kīpuka 

Nēnē Campground or on the periodically mowed fuel break. We also rejected sites on ‘a‘ā lava 

flows to eliminate substrate as a source of variation.  In total 84 randomly located sites were 

surveyed, six of which contained lantana. 

Field surveys

We assessed percent cover of all plant species present in each 10m × 10m plot using 

cover classes 0%, <1%, 1-5%, 5-15%, 15-25%, 25-40%, 40-60%, 60-90% and 90-100%. We 
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divided each plot into quarters and recorded the percent cover of each species in each quarter. 

Data presented here are plot-level averages. 

We measured soil depth at nine points in each plot. We noted the presence or absence of 

pig activity (e.g., obvious rooting or pig trails through the grass) as well as fallen and dead trees 

in a plot. The only dead trees we encountered were Metrosideros polymorpha. 

Prior to analysis, we classified each site’s vegetation type in terms of overstory tree 

cover, regardless of burn history or location. Sites that included no tree cover were termed 

Melinis native shrubland (MNS) because most sites included Melinis minutiflora and some 

native shrubs. While there are some understory species that are specific to unburned terrain (e.g.,

O. anthyllidifolia and W. phillyreifolia), as well as some species found mostly near the fuel break

(e.g., Desmodium incanum), the majority of the landscape is a grassland made up of Melinis 

minutiflora and a few other exotic grasses (e.g., Melinis repens, and S. condensatum) and two 

native shrubs, L. tameiameiae and the dominant D. viscosa. 

Factors affecting lantana establishment

We analyzed how lantana was distributed among sites with and without each of the three 

tree species (Morella faya, Metrosideros polymorpha, and Sophora chrysophylla), as well as 

sites with and without any tree cover, using Fisher’s exact test. Any plot in which we found 

Morella faya, Metrosideros polymorpha, or Sophora chrysophylla was included in the analysis 

for that species, regardless of how much cover was present and regardless if a second tree 

species was present. We encountered all pairwise combinations, but no plot included all three 

tree species.

We also examined how lantana’s presence was associated with environmental variables 

such as soil depth and distance to disturbance corridors, burn history, pig disturbance and fallen 

Metrosideros polymorpha. Association of lantana with continuous variables including average 
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soil depth and distance to disturbance corridors was evaluated using logistic regression. We 

calculated the distance from the centroid of each plot to the fuel break and road using Arc-GIS 

(Vers. 10.1; Esri, Redlands, CA, USA) and defined the minimum distance to disturbance 

corridors as the lesser of the distance to the fuel break or the road. We tested association of 

lantana with categorical environmental parameters (pig disturbance and fallen Metrosideros) 

using Fisher’s exact test. Plots were identified as having pig disturbance or dead Metrosideros if 

any quadrant of the plot showed evidence of pig grubbing or fallen trees.

We compared the proportion of burned and unburned plots with lantana (also including 

non-random plots described below) to the true proportion of burned and unburned area in our 

study site using a chi-square test. Plots were categorized as burned or unburned using National 

Park Service records of recent burn history and on the ground assessments of whether fire had 

occurred in an area based on presence of burned trees, fallen burned trunks, etc. We calculated 

the total true burned and unburned area in our study site with Arc-GIS. 

Factors affecting lantana growth

In addition to the 6 randomly located sites with lantana described above, we surveyed 21 

sites chosen specifically to include lantana. These lantana-specific sites were selected as we 

hiked through the landscape in areas where we had previously observed lantana. As soon as 

lantana was found, we set up a plot regardless of vegetation type. Thus we were careful not to 

select for any particular associated overstory species. Percent cover, vegetation type, presence of 

pig disturbance or fallen Metrosideros, soil depth, distance to disturbance corridors, and burn 

history were determined as for randomly located plots. In total, we analyzed 27 sites with 

lantana. 
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To test whether lantana cover was correlated with the amount of tree cover present, we 

compared percent lantana cover with total percent overstory tree cover, percent cover of 

individual tree species, and total grass cover using Spearman’s rank correlation (ρ). 

Correlations between lantana cover and both average soil depth and distance to the 

nearest road were evaluated using Spearman’s rank correlation. We assessed the correlation 

between lantana cover and categorical variables (pig disturbance and fallen Metrosideros) using 

a one-way analysis of variance (ANOVA). We did not test the association of lantana cover with 

burn history because no unburned sites included lantana.

All sampling was conducted in July and August 2013. Chi-square analyses were 

conducted in R (Vers. 2.14.1; R Foundation for Statistical Computing, Vienna, Austria); all other

analyses were conducted using JMP (Vers. 10; SAS Institute, Cary, NC, USA).

Results

The most abundant category of vegetation encountered on the landscape was Morella 

faya and Metrosideros polymorpha overstory (22 plots), followed closely by both Melinis native 

shrubland, and Morella faya overstory (19 plots each) (Table 1). Out of 84 randomly selected 

plots, 65 were burned and 19 were unburned (Figure 1). Unburned plots were dominated by 

some of the same shrubs (L. tameiameiae and D. viscosa) that occurred in the burned areas, and 

had the same dominant grass (Melinis minutiflora), but also included other native shrubs (O. 

anthyllidifolia and W. phillyreifolia) and the non-native grass Schizachyrium condensatum, 

which were not present in burned areas. These differences in vegetation made unburned sites 

readily distinguishable from burned sites, and non-metric multidimensional scaling (NMDS) 

analyses showed that burned and unburned sites clustered distinctly based on vegetation cover 

(Appendix 1). Of all 105 sites surveyed (84 random and 21 chosen to include lantana), 86 plots 

fell within burned areas; the remaining 19 sites were in unburned areas (Figure 1). Lantana was 
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relatively uncommon over the entire landscape and occurred in only six of the 84 random plots 

with cover making up less than 0.5% of the landscape. All of these occurrences were in burned 

areas (Figure 1).

<<Table 1 near here>> 

Lantana association with vegetation type

Lantana was more common than expected in plots with Sophora chrysophylla  (p=0.002) 

and less common than expected in plots that included Morella faya (p=0.007).  There was no 

pattern of lantana distribution relative to Metrosideros polymorpha or open MNS plots 

(respectively, p=0.411, p=1.000) (See also Table 2). 

<<Table 2 near here>>

Lantana cover was not correlated with total tree cover, total grass cover, or the cover of 

any of the three tree species (Figure 2; Table 3). 

<<Table 3 near here>>

<<Figure 2 near here>>

Lantana association with soil depth

The average soil depth of plots containing lantana (random and non-random) was 14.8 

cm (±2.2 SE). The average soil depth of all random plots was 18.1 cm (±1.2 SE). Lantana 

presence was not associated with soil depth (χ2
1,N=84 = 2.016, ns), but lantana cover was up to 

three times greater in soils <15 cm deep (Figure 2; Table 3). 

Lantana association with disturbance

Eighty percent of the study area had been burned within the past 43 years (Figure 1). All 

27 plots with lantana (random and non-random) were located in burned areas indicating a strong 
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positive association between fire disturbance and lantana presence (χ2
1, N=27

 = 6.851, p = 0.009) 

(Table 2). 

Over the landscape sampled, lantana occurred almost exclusively within 200 meters of 

the road or fuel break (Figure 1). Lantana presence was negatively associated with distance to 

disturbance corridors (χ2 = 11.145, p=0.001) (Table 2). However, there was no relationship 

between the amount of lantana cover and distance to a disturbance corridor (Figure 2; Table 3).

Thirty-one of 84 random plots (37%) showed evidence of pig activity. Among plots that 

included lantana, only six of 27 plots (22%) had any visible pig disturbance. We did not find pig 

grubbing to be associated with lantana presence (p = 0.236) or higher lantana cover (F1,25 = 

3.717, p = 0.065). 

Fallen trees were common throughout the landscape in both burned and unburned plots. 

We encountered fallen Metrosideros polymorpha in 53 of 84 random plots and 17 of 27 plots 

with lantana (63% in both cases). Because fallen trees were so ubiquitous in the landscape 

compared with the sparse distribution of lantana, we did not find any association between the 

amount of dead Metrosideros and lantana presence (p = 1.000) or lantana cover (F1,25 = 0.0396, 

ns). 

Association of lantana with vegetation type vs. distance

We also tested for correlations among continuous predictor variables using Spearman’s 

rank correlation. Because Metrosideros polymorpha had higher cover farther from disturbance 

corridors and Sophora chrysophylla had higher cover closer to disturbance corridors (ρ = 0.4251 

and p <0.0001 for M. polymorpha; ρ = -.02444 and p = 0.0250 for S. chrysophylla), we 

distinguished between the effects of tree cover and distance to disturbance on lantana presence 

by controlling for distance or vegetation type, respectively. 

To test for a tree cover effect while controlling for distance to disturbance, we evaluated 

the effect of each tree species and MNS using only randomly generated plots within 100m of 
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either the fuel break or the road with Fisher’s exact test. Plots within 100m of a disturbance 

corridor showed association patterns similar to the rest of the landscape with lantana presence 

positively associated with Sophora chrysophylla (p = 0.012) and negatively associated with 

Morella faya (p = 0.003) (Table 2). There was no relationship between lantana presence and 

Metrosideros polymorpha or open grassland (MNS) sites.  

To test for a distance effect while controlling for tree cover, we limited our sample of 

random plots to a single vegetation type and evaluated the effect of distance with logistic 

regression. We ran this second analysis three times: once for each of MNS, M. polymorpha, or S.

chrysophylla cover. We did not re-test for an effect of distance in sites with Morella faya cover 

because no randomly located plots included lantana. Distance to disturbance was negatively 

associated with lantana presence in all cases (Table 2). 

Discussion

The distribution of lantana in the seasonally dry submontane zone of HAVO is non-

random over the landscape; it is most common in close proximity to disturbance corridors such 

as the fuel break and Hilina Pali Road as well as in association with the native nitrogen-fixing 

tree Sophora chrysophylla. Although the amount of lantana cover does not correlate with the 

amount of tree cover for sites where lantana is present (Figure 2), whether lantana was present at 

all was strongly associated with presence of S. chrysophylla as compared to open areas and plots 

with other tree species (Tables 1 and 2). We did find lantana cover to be negatively correlated 

with soil depth. In shallow soil (<15 cm), lantana is likely able to take advantage of reduced 

competition from the exotic grasses that thrive in deeper soils. When lantana is able to establish 

in deeper soil (>40 cm), it might also achieve high cover due to higher belowground resource 

availability. Our results are thus consistent with research findings from Australia and India, 

where lantana has been shown to benefit both from disturbance and high nitrogen availability 
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(Duggin and Gentle 1998). It was surprising that there was a strong association with the native 

N-fixer S. chrysophylla but at the same time a negative association with the exotic N-fixer 

Morella faya. We will discuss potential reasons for this difference below.  

 

Disturbance and Invasion

Our sampling design allowed us to look at the effect of four types of disturbance on the 

distribution of lantana. At the landscape scale, we measured the impact of disturbance corridors 

and fire. On a small scale, we evaluated the relationship between lantana and soil disturbance by 

feral pigs, as well as the relationship between lantana and dead Metrosideros polymorpha. 

Lantana did not respond to local disturbances, but it did respond positively to landscape-scale 

disturbances. 

Disturbance associated with transit corridors has been shown to increase susceptibility to 

invasion of exotic species (Tyser and Worley 1992; Gelbard and Belnap 2003; Dickens et al. 

2005). Mechanisms for this effect include removal of plant competitors during road maintenance 

(Gelbard and Belnap 2003), increased light availability (Forcella and Harvey 1983; Hansen and 

Clevenger 2005), seed dispersal (Schmidt 1989; Pickering and Mount 2010) and increased soil 

nutrients (Angold 1997). This study is consistent with other surveys of lantana’s distribution that 

document its affinity for roadside disturbance (Sharma et al. 2005). All but one of the plots in 

which we found lantana were located within 200 m of either Hilina Pali Road or the fuel break 

(Figure 1). However, we did not find lantana cover to be correlated with distance to disturbance 

corridors. This pattern suggests that while roads facilitate lantana’s entry to these sites, roadside 

disturbance alone is not sufficient to promote its growth. 

Roads are a key conduit for both humans, whose accidental ignitions are a primary cause 

of fire in HAVO, and exotic grasses, such as Melinis minutiflora, which fuel fires once they start 

(D’Antonio and Vitousek 1992; Stone et al. 1992; D’Antonio et al. 1998). Once lantana is 
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introduced to an area, fires favor its spread by clearing competing vegetation and increasing light

and nitrogen availability (Fensham et al. 1994; Duggin and Gentle 1998; Sharma et al. 2005). 

Indeed, we encountered lantana only in burned areas; lantana was completely absent from 

unburned areas. A study on the long-term effects of fire on lantana regeneration in a dry eucalypt

forest in Australia found that repeated burning was an effective means of controlling lantana 

(Debuse and Lewis 2014).  However, this strategy is unlikely to benefit native species in the 

seasonally dry submontane forests of Hawai‘i where most native shrub species are killed by fire 

and unable to compete successfully against the exotic grasses that dominate after fire (Hughes 

and Vitousek 1993).  Because our study area did not include unburned woodland adjacent to 

roads, we were unable to test whether disturbance associated with transit corridors is sufficient to

facilitate lantana invasion in the absence of fire.  

In contrast to a study in Queensland, Australia (Fensham et al. 1994), we did not find the 

spread of lantana to be promoted by pig grubbing. Most work testing the influence of pig activity

on lantana presence and growth has been carried out in forests with thick canopy cover where pig

disturbance involves uprooting of trees (Fensham et al. 1994). In our study sites, pigs do not 

uproot trees, and the canopy is mostly open except in stands of Morella faya. Pigs are associated 

with M. faya (Aplet et al. 1991), but the tree’s canopy remains dense even where grubbed by 

pigs. Other studies have pointed out that, once lantana is established, its thorns and potentially 

toxic leaves can impede the pigs’ movement (Fensham et al. 1994; Sharma et al. 2005, 2007). 

Given that the dark environment under M. faya preferred by pigs is not favorable for lantana 

growth and that the broader habitat is relatively open, pigs could easily avoid lantana where it is 

present. The lack of association between pig grubbing and lantana could be due to pigs’ 

conscious avoidance of the plant. 
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Nitrogen and Invasion

Exotic plant species such as lantana are more successful at invading ecosystems with 

elevated nutrient levels (Huenneke et al. 1990; Carino and Daehler 2002; Lake and Leishman 

2004; Sharma et al. 2005). The seasonally dry submontane region of HAVO includes two 

nitrogen fixing trees: Morella faya and Sophora chrysophylla. M. faya is known to increase 

ecosystem nitrogen up to four-fold in nearby sites (Vitousek et al. 1987; Vitousek and Walker 

1989). S. chrysophylla has not been well studied, but work in progress (August-Schmidt in prep) 

suggests that it also creates nitrogen-rich patches. Even though both species have the potential to 

promote invasion via increased soil nitrogen, M. faya was under-represented among sites with 

lantana, and S. chrysophylla was strongly over-represented. 

The preferential association of lantana with S. chrysophylla over M. faya is likely the 

result of canopy architecture. M. faya trees have a dense canopy from soil to crown and let 

almost no light through. In contrast, S. chrysophylla trees have thin, open canopies that allow 

sunlight to penetrate to the understory (August-Schmidt, unpublished). Although Melinis 

minutiflora and native shrubland (MNS) plots lack a source of elevated nitrogen (D’Antonio et 

al. 2011), lantana distribution within this vegetation type is proportional to its representation in 

the landscape. Lantana responds positively to and grows well under high light conditions (Stock 

and Wild 2000, Sharma et al. 2005, Sundaram and Hiremath 2011). These data suggest that light 

is more important than nutrient availability in determining whether lantana will be able to invade

an area. 

The open-canopied S. chrysophylla is often seeded after fire by the National Park Service

in HAVO to enhance native cover in burned, otherwise heavily grass-invaded sites and to attract 

native wildlife (Loh et al. 2009). However, this study suggests that S. chrysophylla makes 

particularly good habitat for lantana, particularly after disturbance. Although open Melinis native

shrubland and S. chrysophylla woodland made up the same proportion of the landscape, lantana 
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was found seven times as often in plots that included any S. chrysophylla regardless of the 

amount of S. chrysophylla cover (Table 1). Given lantana’s success at establishing in these 

environments, seeding S. chrysophylla near roads may not be advisable. Future restoration 

efforts should consider how to promote native forest growth without facilitating the spread of 

invasive weeds such as lantana.  

Conclusions

Currently, lantana appears to benefit from both disturbance and the presence of Sophora 

chrysophylla. Suppression of fire is already an important management tactic in HAVO because 

of the long-term negative effects of fire in seasonally dry shrublands and woodlands (Tunison et 

al. 2001; D’Antonio et al. 2011). Within burned habitat, disturbance corridors should be 

monitored for the presence of lantana.  Given its ability to form dense thickets in similar habitats 

in Australia and India, lantana has the potential to limit the recovery of native shrubs in burned 

submontane dry forest. Lantana’s strong association with S. chrysophylla raises challenging 

questions regarding the use of this tree species in habitat enhancement in this region of Hawai‘i. 
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Figure 1. Map of study area showing the location of survey plots and recent burns. 

Burn perimeters were created using National Park Service records of burn history, and on the 

ground assessments of whether fire had occurred in an area (presence of burned trees, fallen 

burned trunks etc). 
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Figure 2. Vegetation and environmental effects on lantana cover. Analyses include all sites with 

lantana, random and non-random. 
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Table 1. Frequency of vegetation types in the landscape. 

Plant cover type #

plots

Landscape (%) 100 m (%) # Lantana

Morella 19 22.6 32.0 3
Morella+Sophora 5 6.0 12.0 1
Morella+Metrosideros 22 26.2 12.0 0
Sophora 11 13.1 12.0 15
Sophora+Metrosideros 3 3.6 12.0 5
Metrosideros 5 6.0 4.0 0
MNS 19 22.6 16.0 3
All with Morella 46 54.8 56.0 4
All plots with Sophora 19 22.6 36.0 21
All plots with 

Metrosideros

30 35.7 28.0 5

Plant cover type describes tree species present: Morella is Morella faya; Sophora is Sophora 

chrysophylla; Metrosideros is Metrosideros polymorpha; MNS is Melinis native shrubland (no 

tree cover). The # plots column gives the number of plots with a given vegetation type. The 

Landscape (%) column gives the percentage of the landscape surveyed made up by a given 

vegetation type. The 100m (%) column gives the percentage of the landscape within 100m of 

disturbance corridors made up by a given vegetation type. The # Lantana column gives the 

number of lantana plots occurring in each vegetation type. Table includes random plots only, 

except # Lantana which includes random and non-random plots. N=84 random plots in the 

landscape; N=25 plots within 100m of disturbance corridors; N=27 lantana plots. 
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Table 2. Association of lantana presence with vegetation type, disturbance, and environmental 
variables.  

Direction

of effect

Landscape 

p-value

100 m 

p-value Sophora Metrosideros MNS
Vegetation type 
Morella - 0.007** 0.003** -- -- --
Sophora + 0.002** 0.012** -- -- --
Metrosideros 0 0.411 0.299 -- -- --
MNS 0 1.000 1.000 -- -- --
Burn history + 0.0091** -- -- -- --
Distance to road - 0.0012*** -- 0.017* 0.005** 0.071
Pig 0 1.000 -- -- -- --
Fallen Metrosideros 0 1.000 -- -- -- --
Soil depth 0 0.1562 -- -- -- --

Lantana presence p-values calculated using Fisher’s exact test except where noted. 1 P-value 

calculated using Chi square. 2 P-values calculated using logistic regression effect likelihood ratio.

Plant cover types are as in Table 1.  * indicates significance at p<0.05; ** indicates significance 

at p<0.01; *** indicates significance at p<0.001.
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Table 3. Association of lantana cover with other plant cover, disturbance, and environmental 
variables
 Direction

of effect p-value

Spearman’s

rank correlation
Plant cover 
      Morella 0 0.3258 -0.197
      Sophora 0 0.1852 0.263
      Metrosideros 0 0.0945 0.328
      MNS 0 0.5808 0.111
      Total Grass 0 0.4505 -0.152
Distance to road 0 0.5694 0.115
Pig 0 0.06531 --
Fallen Metrosideros 0 0.84381 --
Soil depth - 0.0028** -0.5527
Lantana cover p-values calculated using Spearman’s rank correlation ρ except where noted. 1P-

values for categorical variables calculated using one-way analysis of variance. Plant cover types 

are as in Table 1.
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Appendix 1

Figure A1.  Non-metric multidimensional scaling (NMDS) analysis of vegetation cover

NMDS of vegetation cover illustrates the distinction between burned and unburned plant 

communities. 
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Table A1.  Factors contributing to NMDS axes (Fig. A1)

Axis 1 Axis 2 R2 p-

value
Dodonaea viscosa -0.99185 -0.12744 0.4463 <0.001 ***
Morella faya 0.31199 -0.95008 0.5224 <0.001 ***
Sophora chrysophylla -0.57632 0.81722 0.4410 <0.001 ***
Melinis minutiflora -0.99378 -0.11134 0.3577 <0.001 ***
Metrosideros polymorpha 0.77858 0.62755 0.2830 <0.001 ***
Osteomeles anthylidifolia 0.82990 0.55790 0.2810 <0.001 ***
Other grass 0.39699 0.91782 0.2615 <0.001 ***
Leptecophylla 

tameiameia

0.81374 0.58122 0.4220 <0.001 ***

Wikstroemia 

phillyreifolia

0.71874 0.69528 0.1547 <0.001 ***
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