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Abstract 13 

Background. Biological facilitation is a type of relationship between two taxa that benefits at least 14 

one of the participants but harms neither. Although invasive species are widely known to compete 15 

with native taxa, recent studies suggest that invasive and native species can have positive 16 

relationships. This study aims to examine the biological facilitation of the germination of invasive 17 

Miconia calvescens by giant tree fern Angiopteris evecta, native to French Polynesia.  18 

Methods. Field surveys were conducted to measure A. evecta and M. calvescens by applying the 19 

10 × 10 m2 quadrat survey method. The density of seedlings, saplings, and matures of M. 20 

calvescens growing on the rhizomes of A. evecta and on bare soil was compared, and the 21 

correlation between the size of the rhizomes and the number of M. calvescens growing on them 22 

was checked. Comparative soil nutrient experiments were done for the substrates of the rhizomes 23 

of A. evecta, soil under the rhizomes, and bare soils to check whether the rhizomes are chemically 24 

different than other microenvironments. 25 

Results. Field surveys show that there is a greater number of seedlings and saplings of M. 26 

calvescens growing on the rhizomes of A. evecta as compared to bare soil. Furthermore, there is a 27 

positive correlation between the size of rhizome and the number of M. calvescens growing on them. 28 

Substrates of A. evecta had higher phosphorus and potassium contents compared to other soil and 29 

substrates. 30 

Discussion. Angiopteris evecta is facilitating the germination of M. calvescens, supported by the 31 

much higher number of seedlings and saplings growing on the rhizomes and the positive 32 

correlation between the size of rhizome and the number of M. calvescens growing on it. 33 

Microslopes on the rhizomes of A. evecta prevent leaf litter from accumulating on the rhizomes, 34 

and enable more sunlight to reach and facilitate the germination of M. calvescens seeds. Also, field 35 

observation suggests that A. evecta has fast decomposing leaves, which can induce the germination 36 

and the recruitment of M. calvescens in forest understories dominated by A. evecta by preventing 37 

the accumulation of leaf litter on the ground and enabling more sunlight to the seed bank. The 38 

germination of trees in tropical rainforests is often limited by the availability for potassium, 39 

suggesting that the rhizomes of A. evecta might be favored chemically. However, further studies 40 

are needed to verify whether potassium is a limiting factor of the germination of M. calvescens. 41 

Biological facilitation of the germination of invasive M. calvescens by native A. evecta can give 42 

better understanding on the invasion success and the relationship between the native and invasive 43 

species. Invasion of A. evecta can induce and promote further invasion of M. calvescens. Therefore, 44 

thorough management of ongoing invasion of A. evecta in some places is especially required. 45 
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Introduction 51 

Concerns about biological invasions have been increased because of their role in degrading 52 

biological diversity worldwide (Usher et al., 1988). Even though only few introduced species 53 

become invasive (Smith, 1990; Meyer & Florence, 1996; Williamson & Fitter, 1996), they often 54 

significantly alter the native ecosystem and displace indigenous species. Native ecosystems on 55 

oceanic islands are especially vulnerable to biological invasion and displacement (Loope & 56 

Mueller-Dombois, 1989), due to reduced competitive ability by repeated founder effects, relative 57 

lack of natural disturbance in the evolutionary history of island biota, small population size and 58 

genetic variability (Wilson & Vitousek, 1988).  59 

A considerable amount of research has been conducted to understand the characteristics of 60 

native communities that affect the success of the invasions (Elton, 1958; Vitousek et al., 1997; 61 

Tilman, 1999). However, finding general mechanisms for invasion success is challenging because 62 

of the conflict between landscape-scale patterns and smaller-scale experimental results, also 63 

known as invasion paradox (Fridley et al., 2007). Large-scale observations generally find a 64 

positive correlation between the diversity of native community and the invasion success (Lonsdale, 65 

1999; Sax, Gaines & Brown, 2002; Brown & Peet, 2003; Davies et al., 2005). In contrast, the 66 

results of small-scale experiments consistently suggest the competition between invasive and 67 

native species. Available niches are important for the introduction and the establishment of 68 

invasive species (Peterson, 2003); therefore a diverse native community and already occupied 69 

niches are not favorable for the invasion success. This suggests that fundamental ecological factors 70 

other than competition play a role in the interactions between native and invasive species (Bulleri 71 

et al., 2008).  72 

Invasive plants are known to suppress and eventually replace native forests by various 73 

mechanisms, including competition for resources and pollinators, shading the understory, 74 

restraining the recruitment of native vegetation by allelopathy, and disrupting underground fungal 75 

mutualisms (Thomas, 1980; Callaway & Aschehoug, 2000; Brown & Mitchell, 2001; Vilà & 76 

Weiner, 2004; Stinson et al., 2006; Callaway et al., 2008). Miconia calvescens is a major plant 77 

pest in the Pacific islands including Hawaii, Tahiti, Mo’orea, and other islands in French 78 

Polynesia. It shades the understory with its large leaves (>1 m) and hinders the growth of native 79 

vegetation (Meyer, 1996). Miconia calvescens was introduced to Tahiti from Mexico, by a retired 80 

Harvard physicist Harrison Smith at Papeari botanical garden in 1937 (Gaubert, 1992; Meyer, 81 

1994). It dominated over 65% of the forest on the 1,045 km2 island in 1996, 60 years after the first 82 

introduction, and caused the decline of 70-100 native species, including 35-40 species endemic to 83 

French Polynesia to be threatened (Meyer, 1996; Meyer & Florence, 1996). Also, after a small 84 

population of M. calvescens was first noted on Mt. Mouaputa on the island of Mo’orea in 1974 by 85 

an inhabitant of village Afareiatu, M. calvescens has been spread throughout several other areas 86 

on the island (Schwartz, 1993; Meyer, 1996). 87 

This study aims to give an insight on the role of A. evecta on the germination of M. 88 

calvescens, to understand the biological facilitation in interspecific plants and to suggest possible 89 
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management of plant invasions on Pacific islands. Schwartz (1933) noted that M. calvescens are 90 

often found on the caudices of a giant tree fern Angiopteris evecta. According to a pilot study, 91 

seedlings, juveniles, and occasionally matures (> 3 m) of M. calvescens inhabit on and underneath 92 

rhizomes of A. evecta in high frequency. Also, the abundance of M. calvescens tends to be higher 93 

in forests with an A. evecta-dominated understory. It is unknown whether A. evecta is facilitating 94 

the germination of M. calvescens; however, it is possible that A. evecta is offering environments 95 

with higher intensity of light, or providing chemically preferred substrates. 96 

 97 

Methods 98 

Study Sites 99 

This study was conducted on the island of Mo’orea, French Polynesia (S 17.53˚ W 149.83˚) during 100 

October and November of 2016. Mo’orea is part of the Society archipelago, which ranges from 101 

16˚ to 18˚ south latitude and from 148˚ to 155˚ west longitude, and is an island chain formed by 102 

hotspot volcanism.  103 

Mo’orea is the second highest island in the Society Islands. The age of Mo’orea is reported 104 

to be 1.49 to 1.64 million years old (Duncan & McDougall, 1976). The island is about 18 km in 105 

width from the east to the west. Opunohu Valley is one of the two nearly identical bays on northern 106 

side of the island. It extends 4 km southward to Mo’orea’s north coast, and is surrounded by eroded 107 

caldera.  108 

Research was conducted in two famous hiking trails in Opunohu Valley: Three Coconuts 109 

Trail and Three Pines Trail (Fig. 1). This study was conducted on the sites along these two trails. 110 

The vegetation composition of two trails is reported to be slightly different. Agnew (2014) noted 111 

that the study sites along Three Pines Trail was characterized by high amount of Inocarpus fagifer 112 

and moderate Miconia calvescens, and Three Coconuts Trail by Hibiscus tiliaceus, Miconia 113 

calvescens, and small ferns. According to a pilot study, the distribution of dominant trees in 114 

Opunohu Valley confirmed these earlier finds. The frequency of H. tiliaceus, Neonauclea forsteri, 115 

and Falcataria moluccana seems to be similar. Barringtonia asiatica was observed almost 116 

exclusively on Three Coconuts Trail. Three Pines Trail was almost dominated by I. fagifer, and 117 

the frequency of Miconia calvescens was higher on Three Coconuts Trail. The density of 118 

Angiopteris evecta seems to be highly dependent on the proximity of streams. 119 

 120 

Study Organisms  121 

Miconia calvescens 122 

Miconia calvescens is an arborescent species in family Melastomataceae, native to South and 123 

Central America. It grows in a monsoonal climate and tolerates fluctuating precipitation, sunlight, 124 

and shallow soil environments (Hurley, 1991). It grows on steep slopes on mountainous volcanic 125 

islands where leaf litter is limited and light is constantly available (Underwood, 1993). M. 126 
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calvescens begins its life cycle as a small shrub but it can grow up to 15 m tall. It starts to produce 127 

flowers and fruits at 4 to 5 years of age at 3 to 4 m in height, respectively. Each panicle on a tree 128 

produces hundreds of berries, each containing 120 to 230 seeds, enabling a mature tree to produce 129 

thousands of seeds per fruiting (Medeiros & Loope, 1997). Once seeds land on substrates, the plant 130 

can germinate in various environments including steep hillsides, the surface of rocks, and the barks 131 

of trees (Schwartz, 1993). Meyer (1994) has verified M. calvescens seed banks of more than 2 132 

years, and suggested seed life of at least 4 years. The plants can also germinate from fruits left in 133 

water for 3 months (Meyer & Malet, 1997), which suggests water as potential dispersal mechanism. 134 

Germination takes place in almost all light intensities down to 2 % of full sunlight (Meyer, 1996). 135 

Data from herbicidal defoliation incidents of Maui’s main population claimed that Miconia’s seed 136 

banks stay largely dormant in the shade but become viable when the overhead canopy is opened 137 

up and more light is available (Medeiros & Loope, 1997). 138 

 139 

Angiopteris evecta 140 

Angiopteris evecta, commonly known as king fern, giant fern, oriental vessel fern, and mule’s foot 141 

fern, is a large tree fern in family Marattiaceae. It is a robust pteridophyte with globose upright 142 

rhizome and considerably thickened roots (Christenhusz & Toivonen, 2008). Its fronds are spirally 143 

arranged, bipinnate, and can grow up to 6 m long and 2.5-3 m broad. Its stout rhizomes can grow 144 

up to 150 cm in height and 100 cm in diameter, and have protruded leaf scars on the rhizomes. 145 

(Christenhusz & Toivonen, 2008). A. evecta inhabits tropical environments and thrives in wet 146 

forests and rainforests at low to middle elevations. The species is known to be native to the island 147 

of Samoa, and also to Polynesia, Micronesia, and New Caledonia (Brownlie, 1969; Florence et al., 148 

2013; Fosberg et al., 1982; Yuncker, 1945). However, it is cultivated worldwide as an ornamental 149 

plant, and appears to unrestrictedly naturalize in wet valleys and on slopes in montane and lowland 150 

rainforests of Hawaii, Jamaica, and Costa Rica (Christenhusz & Toivonen, 2008). 151 

In the field, epiphytes are frequently observed on the rhizomes of A. evecta, including 152 

various bryophytes, pteridophytes, and few angiosperm seedlings and saplings. In Opunohu Valley, 153 

Mo’orea, less than 5 species of angiosperm seedlings and saplings inhabit on the rhizomes, and M. 154 

calvescens is the most frequent one. 155 

 156 

Field Surveys 157 

Field surveys were done in Opunohu Valley, Mo’orea (Fig. 1). The study by Schwartz (1993) 158 

reported that M. calvescens was observed in the elevation range of 20 to 898 m above sea level. A. 159 

evecta is known to be found in range of 0 to 1,492 m (Christenhusz & Toivonen, 2008). In this 160 

study, surveys were conducted in accessible forests close to hiking trails, approximately ranging 161 

from 100 to 400 m. 162 

Twenty different sites were randomly chosen: ten from lower elevation where M. 163 

calvescens is less dominant, and ten from Three Coconut Trail where the population of M. 164 
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calvescens is higher (For GPS coordinates see Table 1). Quadrat survey method was applied to 165 

survey M. calvescens and A. evecta, and 10 x 10 m2 quadrat was used.  166 

 Miconia calvescens individuals were categorized into three groups: seedlings, saplings, and 167 

matures (Fig. 2). Individuals were identified by noting their dark green adaxial side and purple 168 

abaxial side of leaves which become distinctive after cotyledons. Existence of obvious outer 169 

midribs along the leaf margin were used as a key feature for defining sapling stage, which are not 170 

prominent in the foliage leaves of seedlings. Individuals over 3 m were considered to be mature. 171 

 The heights of all M. calvescens individuals within the quadrat were measured. The number 172 

of each group (seedlings, saplings, and matures) of M. calvescens that grow on the rhizomes of A. 173 

evecta and the ground were compared. Densities (individuals per m2) of each group of M. 174 

calvescens on the rhizomes of A. evecta and on bare soil were calculated. Different methods were 175 

applied to calculate density on different microenvironments because the rhizomes are three-176 

dimensional. The rhizomes of A. evecta were considered as perfectly globose, although they are 177 

not completely spherical. The surface area of the rhizomes was calculated by substituting data into 178 

following equation: 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎𝑅ℎ𝑖𝑧𝑜𝑚𝑒𝑠 = 4𝜋 ∑(
1

2
 𝐻𝑒𝑖𝑔ℎ𝑡)2, and the density was calculated 179 

by dividing the total number of M. calvescens on the rhizomes by surface area. The density of M. 180 

calvescens on bare soil was obtained in same way, except for that the surface area was calculated 181 

by substituting data into following equation; 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎𝐵𝑎𝑟𝑒 𝑆𝑜𝑖𝑙 = 100 −  𝜋 ∑(
1

2
 𝐻𝑒𝑖𝑔ℎ𝑡)2. 182 

The densities of each group (seedlings, saplings, and matures) on the rhizomes and bare soil were 183 

calculated respectively, and three respective t-tests were applied for each group to compare the 184 

density on different microenvironments by using R (R Core Development Team, 2013). 185 

 The sizes of the rhizomes of A. evecta were measured in order to assess the correlation 186 

between the size of rhizomes and the number of M. calvescens growing on them. Girth and height 187 

were gauged, and the height was used to represent the size of rhizomes, as they are correlated (y = 188 

2.480x + 10.98; R2 = 0.90, F1/315 = 2913, p < 0.00001). If the rhizomes were in perfect globose 189 

shape, the correlation equation would be y = 3.142x. Although the correlation showed that the 190 

rhizomes are not perfectly globose, the height still represents the size of A. evecta well because the 191 

rhizomes tend to become spheroidal when they become older and larger. The correlation between 192 

the height of rhizomes and the number of M. calvescens growing on them was checked by using 193 

R (R Core Development Team, 2013). 194 

  195 

Soil nutrient experiment 196 

Comparative soil nutrient experiments were conducted to check whether substrates of A. evecta 197 

are chemically different than other soils, hence offering microenvironments with higher nutrient 198 

contents. Nitrogen, phosphorus, and potassium contents of three different microenvironments, 199 

substrates of the rhizomes of A. evecta, soil under the rhizomes, and bare soil, were compared. 200 

Two grams of each dried substrate and soil sample were reserved to test the nutrient concentration 201 

using a LaMotte Soil Test Kit following the manufacturer’s instructions (LaMotte Company, 2016). 202 
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Three samples were collected from three respective microenvironments, and the mean value of 203 

each nutrient content was compared with an ANOVA test, and then a Tukey post hoc comparisons 204 

by using R (R Core Development Team, 2013).  205 

 206 

Results 207 

Field Surveys 208 

At sites along Three Coconuts Trail, the mean density of M. calvescens seedlings on the rhizome 209 

of A. evecta was 23.73 m-2, much higher than the density on bare soil, which was 0.162 m-2. The 210 

mean density of saplings on the rhizome was 5.12 m-2, also higher than that on bare soil, which 211 

was 0.174 m-2. However, the density of matures did not differ between rhizomes and bare soil, 212 

which were 0.077 m-2 and 0.043 m-2, respectively (Table 2; Fig. 3). 213 

 At sites along Three Pines Trail where M. calvescens is less dominant, the mean density of 214 

seedlings on the rhizome of A. evecta was 2.873 m-2, higher than the density on bare soil, which 215 

was 0.045 m-2. The mean density of saplings on the rhizome was 2.843 m-2, also higher than that 216 

on bare soil, which was 0.063 m-2. In contrast, the density of matures was not statistically different, 217 

which were 0.063 m-2 and 0.004 m-2, respectively (Table 2; Fig. 4). 218 

 At sites along Three Coconuts Trail where M. calvescens are abundant, the correlation 219 

between the heights of A. evecta rhizomes and the number M. calvescens growing on them of 220 

appeared to follow an exponential model (R2 = 0.63, F1/121 = 208.3, p < 0.00001) (Fig. 5a). In 221 

Three Pines Trail where the population of M. calvescens is lower, data points are scattered and the 222 

correlation is not significant (R2 = 0.19, F1/76 = 17.47, p < 0.0001) (Fig. 5b). 223 

 224 

Soil Nutrients Experiment 225 

Nitrogen content did not differ between three different microenvironments: on A. evecta rhizomes, 226 

soil under the rhizome, and bare soil. However, phosphorus concentration differed between 227 

microenvironments. Specifically, substrates on the rhizomes contained 58.9 ppm of phosphorus, 228 

much higher than the soil under rhizome and bare soil, which were 14.5 ppm and 11.8 ppm, 229 

respectively (TukeyHSD, p < 0.005, p < 0.005). Also, potassium concentration differed between 230 

microenvironments. Substrates on the rhizomes contained 344 ppm of potassium, higher than that 231 

of bare soil, which was 145 ppm. (TukeyHSD, p < 0.05) (Table 3; Fig. 6)  232 

 233 

Discussion 234 

Field surveys show that A. evecta is facilitating the germination of M. calvescens. There were 235 

significantly higher numbers of seedlings and saplings of invasive M. calvescens growing on the 236 

rhizomes of A. evecta compared to the bare soil at the sites along the Three Coconuts Trail where 237 

M. calvescens is reported to be dominant. Especially for seedlings, 90.93% of total seedlings were 238 
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growing on A. evecta. 57.32% of total saplings were growing on the rhizome, and 11.90% of 239 

matures were growing on or associated with the rhizome. At the sites along the Three Pines Trail 240 

where the population of M. calvescens is reported to be lower, still much larger amounts of 241 

seedlings and saplings were growing on the rhizome of A. evecta. 72.15% of seedlings, 62.50% of 242 

saplings, and 55.55% of matures were found on the rhizome. Both the percentage of each group 243 

of M. calvescens growing on the rhizome and the density of each group growing on each 244 

environment suggest that there is a much higher abundance of M. calvescens seedlings and saplings 245 

growing on the rhizome of A. evecta. This indicates that A. evecta is actually facilitating the 246 

germination of M. calvescens. Also, a positive correlation between the size of rhizomes and the 247 

number of M. calvescens growing on them supports that the existence of M. calvescens on the 248 

rhizomes is not a coincidence, but the rhizomes are actually preferable microenvironments. 249 

However, once they start their life on the rhizomes, only a few of them reach to the mature stages. 250 

This is possibly due to the scarce substrates on the rhizomes, or competition with A. evecta for 251 

resources. 252 

 There are three possible mechanisms for the establishment of seedlings and saplings of M. 253 

calvescens growing on the rhizomes of A. evecta. First, they can penetrate their roots into the 254 

spaces between the leaf scars on the rhizomes, reach to the soil under the rhizomes and supply 255 

nutrients and water for themselves (Fig. 7a). Second, they can grow horizontally towards the soil 256 

around the rhizomes, and then grow upward to the canopy after they root to the soil (Fig. 7b). 257 

Miconia calvescens has the ability to root from the middle of the stem where it is in contact with 258 

soil or water. Therefore, they can re-root when they reach the soil around the rhizome of A. evecta, 259 

and keep their growth around the rhizomes even though their germination point and the initial 260 

roots are still on the rhizomes. Lastly, seedlings and saplings growing on the substrates on the 261 

rhizomes or on the margin of leaf scars can fall to the ground easily, and then can keep growing 262 

on the soil around the rhizomes. Some of the seedlings and saplings growing around the rhizomes 263 

were still attached to the substrates and pieces of rhizomes of A. evecta (Fig. 7c). Based on the 264 

field observations, rooting to the soil around the rhizome seems to be the most frequent way to 265 

establish. 266 

 Among the abiotic factors, light availability seems to mainly determine the germination of 267 

M. calvescens in the field. Even though a previous study reported that the germination happened 268 

when there was only 2% of full sunlight (Meyer, 1996), seedlings and saplings were mostly found 269 

on microenvironments where the canopy is less dense, or where leaf litter cannot be piled up and 270 

more light is available, such as steep slopes, surface of rocks, the buttresses of I. fagifer, soil under 271 

I. fagifer root or H. taliaceus stem, and the rhizome of A. evecta (Fig. 8). With a highly-covered 272 

canopy and a thick layer of leaf litter on the forest floor, the germination of small-seeded species 273 

can be suppressed (Molofsky & Augspurger, 1992), such as M. calvescens which has extremely 274 

small seeds (< 1 mm). Therefore, microenvironments with a higher intensity of light can be highly 275 

favored. Schwartz (1993) also suggested that M. calvescens thrive on steep slopes because leaf 276 

litter cannot be accumulated on steep surfaces. The study also referred to the presence of M. 277 

calvescens on the rhizomes of A. evecta, and explained the presence by existence of the 278 

microslopes on the rhizomes. This is consistent with the study of Medeiros and Loope (1997) 279 
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which reported that dormant seed banks of M. calvescens became viable when the overhead canopy 280 

was cleared up and more light was available. These synthetic studies suggest that availability for 281 

light is a crucial factor that determines the germination of M. calvescens, even though it is highly 282 

adapted to grow in low levels of light in the understory (Birnbaum, 1989).  283 

Availability for light can also explain the inconsistency in the former studies (Underwood, 284 

1993; Bock, 1997) which described water availability as the contributing factor for the distribution 285 

of M. calvescens supported by the proximity of M. calvescens downstream of the dense hill area, 286 

but it does not explain the large invasion into the pasture area. Considering the amount of 287 

precipitation in the tropical rainforest, the availability of water is not likely to be the limiting factor 288 

for the germination and consequent distribution of M. calvescens. Rather, steep slopes around the 289 

streams which prevent the accumulation of leaf litters are more likely to induce the germination of 290 

M. calvescens around the streams. Furthermore, leaf litters around the streams are regularly 291 

washed away during the rainy season, which enables more sunlight to reach to the soil around the 292 

streams. 293 

Based on the field observations, A. evecta has fast decomposing leaves, supported by scarce 294 

leaf litter of A. evecta on the forest floor. In contrast, Inocarpus fagifer (Tahitian chestnut) has 295 

slowly decomposing leaves, supported by high abundance of dried leaves of I. fagifer that are 296 

barely decomposed. Different decomposition rates of different species can affect the germination 297 

and the recruitment of M. calvescens in the forest by modifying the amount of leaf litter on the 298 

ground, hence determining the amount of sunlight to reach to the soil and the seed bank. Fast 299 

decomposing leaves of A. evecta can facilitate the germination of M. calvescens in the forest with 300 

A. evecta dominated understory. In contrast, slowly decomposing leaves of I. fagifer can suppress 301 

the germination and the recruitment of M. calvescens in I. fagifer dominated forests.  There was a 302 

significantly higher density of M. calvescens in some survey sites where A. evecta was dominant 303 

in the understory and I. fagifer leaf litters were small in quantity.  304 

Different light availability caused by different leaf decomposition rates can explain the 305 

different patterns between the Three Coconuts Trail and the Three Pines Trail. Three Pines Trail 306 

is heavily dominated by I. fagifer, which produces long (> 30 cm) and slowly decomposing leaves. 307 

In Three Coconuts Trail, there are also high populations of I. fagifer, but the vegetation is more 308 

mixed. Long and narrow shaped leaves of I. fagifer can easily cover the rhizomes of A. evecta, and 309 

isolate the rhizomes from sunlight. Much lower density of M. calvescens and weaker correlation 310 

between the height of A. evecta rhizomes and the number of M. calvescens growing on them in the 311 

sites along Three Pines Trail can be interpreted by low intensity of light that is caused by high 312 

abundance of I. fagifer in the sites. 313 

Shallow roots of M. calvescens seem to be the important feature that enable them to grow 314 

on steep microenvironments. Loope (1997) suggested that M. calvescens have extremely shallow 315 

rooting system; therefore they can increase landslides subsequently. Miconia calvescens can thrive 316 

on steep microenvironments such as surfaces of rocks, buttresses, and rhizomes, because they have 317 

shallow roots and do not require to root into thick layer of soil. Other few angiosperms that inhabit 318 

the rhizomes of A. evecta also had shallow roots in common. Therefore, the germination and the 319 
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establishment of the seedlings of M. calvescens can be facilitated by A. evecta because it has 320 

shallow roots. 321 

Although substrates of the rhizomes of A. evecta had significantly larger amount of 322 

phosphorus and potassium compared to the soil under the rhizomes and bare soil, it is still not clear 323 

whether A. evecta is chemically facilitating the germination of M. calvescens. According to former 324 

studies (Pasquini & Santiago, 2009; Wright et al., 2011; Santiago et al., 2012), potassium is the 325 

major limiting factor for growth of seedlings in tropical forests. Therefore, A. evecta might offer 326 

microenvironments with a higher concentration of potassium and assist further growth of seedlings 327 

and saplings of M. calvescens. However, a high number of the seedlings and saplings are still 328 

found on steep environments such as steep hillsides and rock surfaces where leaf litters are not 329 

accumulating; hence the nutrients cannot be constantly recruited and supplied. Therefore, 330 

availability for nutrients might not be the limiting factor for the germination and the growth of 331 

seedlings. Further study is needed to verify whether potassium is the limiting factor for the 332 

germination and growth of M. calvescens, hence A. evecta offers chemically preferred 333 

microenvironments. 334 

 335 

Conclusion 336 

Competition has been suggested as a dominant ecological principle by the most influential 337 

ecologists since Darwin. Considerable work has been done on competition models, including the 338 

interspecific competition model by Lotka (1925) and Volterra (1931), competitive exclusion 339 

principle (Gause, 1934; Hardin, 1960), and niche differentiation (Hutchinson, 1959l Leibold, 340 

1995). However, the importance of positive facilitation on species, population, and community 341 

level variables have been emphasized for the last few decades (Haunter & Aarssen, 1988; Callaway, 342 

1991). 343 

Biological facilitation is a type of species interaction which benefits at least one of the 344 

participants and harms neither (Stachowicz, 2001). There are various examples of facilitation, such 345 

as offering refugee from physical stress, competition, and predation (Boucher et al., 1982; 346 

Callaway, 1995; Bruno et al., 2003; Tirado & Pugnaire, 2005). Facilitation is either mutual or 347 

commensal, but there are some exceptions with more complex interactions, such as between 348 

seedlings and nurse plants in deserts. A nurse plant is one with an established canopy, that provides 349 

increased shade, moisture, nutrients, and protection from herbivores to new plants growing under 350 

it (Holmgren et al., 1966). Initially, the relationship is commensal. Later, however, as nursed plants 351 

grow and become established, they are likely to compete with nurse plants for resources (Callaway, 352 

1991; Valiente-Banuet & Ezcurra, 1991).  353 

The concept of nurse plants is widely used in arid and semi-arid environments (Flores & 354 

Jurado, 2003). Nurse plants offer adjusted light, moisture, nutrients, as well as reduced herbivory 355 

to the seedlings of different species growing under them, therefore facilitating the establishment 356 

of seedlings in harsh, barren environments. This is more common in environments such as arid or 357 

alpine environments where abiotic or other biotic factors are limiting the performance of seedlings 358 
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(Flores & Jurado, 2003; Cavieres et al., 2006). The relationships between nurse plants and target 359 

species have been studied in various environments such as desert, savannah, alpine habitat, swamp, 360 

tropical dry forest and tropical sub-humid forest (Weltzin & McPherson, 1999; Callaway et al., 361 

2002; Egerova et al., 2003; Flores & Jurado, 2003; Castro et al., 2004; Cavieres et al., 2006; Padilla 362 

& Pugnaire, 2006). However, the idea of nurse plants isn’t well established in the tropical rainforest. 363 

Former studies (Ashton et al., 1997; Feyera et al., 2002) examined the use of introduced species 364 

for the restoration of native vegetation in tropical forests. But not many studies were conducted on 365 

native vegetation as nurse plants. Even though A. evecta is not only creating indirect 366 

microenvironments with adjusted abiotic features but also offering its caudex physically, it is also 367 

facilitating the germination and the establishment of the seedlings of M. calvescens, and can hence 368 

be considered as a nurse plant. Although it is similar to the concept of epiphyte because M. 369 

calvescens is physically attaching to A. evecta, it requires rooting into the soil around the rhizome 370 

in order to establish itself to a mature tree. Therefore, I suggest a broader concept for nurse plants 371 

that includes favored microenvironments with direct physical contacts with the target species. 372 

Although it has been widely known that invasive species compete with native species, 373 

recent studies reported that native species sometimes facilitate invasive species, and vice versa 374 

(Rodriguez, 2006; Leger & Espeland, 2010). Biological facilitation of the germination of M. 375 

calvescens by A. evecta is an example of this. These positive relationships between the native and 376 

invasive species can potentially explain the invasion paradox, the inconsistency between the large-377 

scale observations that show a positive correlation between the native biodiversity and the invasion 378 

success and the small-scale experiments reveal competition between the native and invasive 379 

species. Better understanding for the relationship between the native and invasive species can 380 

potentially suggest more a practical management plan for biological invasions. 381 

The growth of forest in Opunohu Valley is thought to be relatively recent (Descantes, 1993). 382 

There were no trees described in the painting of the artist Webber on Captain Cook’s third Pacific 383 

voyage in 1777. However, there was a thick, wet forest noted by Tyerman and Bennet by 1821. 384 

Also, the valley is mostly dominated by the introduced species I. fagifer (Tahitian chestnut). This 385 

suggests that the vegetation in Opunohu Valley was highly manipulated by Tahitians. Despite of 386 

the dominance of I. fagifer which has big, fast-decomposing leaves, the invasion of M. calvescens 387 

is still heavier in Opunohu Valley. This suggests that controlling the invasion of M. calvescens by 388 

manipulating vegetation would be extremely challenging. 389 

The extent of biological facilitation of M. calvescens by A. evecta can vary depending on 390 

the other vegetation. However, it is obvious that the rhizomes of A. evecta can offer favored 391 

microenvironments for M. calvescens to germinate, especially when the forest is dominated by 392 

trees that have relatively fast decomposing leaves. Therefore, invasion of A. evecta into Hawaii, 393 

Costa Rica, and Jamaica (Christenhusz & Toivonen, 2008) can accelerate further invasion of M. 394 

calvescens into these places. Especially in Hawaii, both A. evecta and M. calvescens are invasive, 395 

which implies the necessity for a better management plan to prevent further invasion of both plant 396 

pests. Thorough survey on native vegetation and current degree of invasion will be needed to plan 397 

better management action. 398 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2643v1 | CC BY 4.0 Open Access | rec: 17 Dec 2016, publ: 17 Dec 2016



 399 

Acknowledgements 400 

 I would like to thank William Kumler for significant help in creating the charts. Thank you to 401 

Vanessa ZoBell, Katie Rice, John Toman, and André Adricula for reviewing my work and giving 402 

advice. Lastly, thank you to Cynthia Looy, Justin Brashares, Jonathon Stillman, Patrick O’Grady, 403 

Ivo Duijnstee, Eric Armstrong, Ignacio Escalante Meza, Natalie Stauffer-Olsen, and all fellow 404 

students of Mo’orea 2016.   405 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2643v1 | CC BY 4.0 Open Access | rec: 17 Dec 2016, publ: 17 Dec 2016



References 406 

 407 

Agnew LP. 2014. Leaf Morphogenesis of the Giant Fern (Angiopteris evecta) in French Polynesia. 408 

Department of Environmental Science Policy and Management, University of California, Berkeley. 409 

Ashton PMS, Gamage S, Gunatilleke IAUN, Gunatilleke CVS. 1997. Using Caribbean Pine Pinus 410 

caribea as a Nurse for Establishing Late-Successional Tree Species. Journal of Applied Ecology 411 

34(4): 915-925 412 

Birnbaum P. 1989. Exigences Et. Tolerances De Miconia calvescens a Tahiti De la Population a 413 

l’individu. Rapport de stage Organizacion de Recherch Scientifique et Technologique Ouver Mer 414 

(ORSTROM). Papeete, Tahiti, French Polynesia 415 

Bock, PA. 1997. Distribution and Dispersal of Miconia calvescens DC, an Invasive Alien Tree, in 416 

Moorea, French Polynesia. Department of Geography, University of California, Berkeley 417 

Boucher DH, James S, Keeler, KH. 1982. The Ecology of Mutualism. Annual Review of Ecology 418 

and Systematics 13: 315-347 419 

Brown BJ, Mitchell RJ. 2001. Competition for Pollination: Effects of Pollen of an Invasive Plant 420 

on Seed Set of a Native Congener. Oecologia 129(1): 43-49 421 

Brown RL, Peet RK. 2003. Diversity and Invasibility of Southern Appalachian Plant Communities. 422 

Ecology 84: 32-39 423 

Brownlie G. 1969. Ptéridophytes. Flore de la Nouvelle-Calédonie et Dépendances. Muséum 424 

National d'Histoire Naturelle (Paris) 3: 165 425 

Bruno JF, Stachowicz JJ, Bertness MD. 2003. Inclusion of Facilitation into Ecological Theory. 426 

TREE 18: 119-125 427 

Bulleri F, Beneditti-Cecchi L. 2008. Facilitation of the Introduced Green Alga Caulerpa racemose 428 

by Resident Algal Turfs: Experimental Evaluation of Underlying Mechanisms. Marine Ecology 429 

Progress Series 364: 77-86 430 

Callaway RM. 1995. Positive Interactions Among Plants (Interpreting Botanical Progress). The 431 

Botanical Review 61: 306-349 432 

Callaway RM, Aschehoug ET. 2000. Invasive Plants Versus Their New and Old Neighbors: A 433 

Mechanism for Exotic Invasion. Science 290(5491): 521-523 434 

Callaway RM, Brooker RW, Choler P, et al. 2002. Positive Interactions among Alpine Plants 435 

Increase with Stress. Nature 417: 844-848 436 

Callaway RM, Cipollini D, Barto K, Thelen GC, Hallett SG, Prati D, Stinson K, Klironomos J. 437 

2008. Novel Weapons: Invasive Plant Suppresses Fungal Mutualists in America But Not in Its 438 

Native Europe. Ecology 89(4): 1043-1055 439 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2643v1 | CC BY 4.0 Open Access | rec: 17 Dec 2016, publ: 17 Dec 2016



Callaway RM, Nadkarni NM, Mahall BE. 1991. Facilitation and Interference of Quercus douglasii 440 

on Understory Productivity in Central California. Ecology 72: 1484-1499 441 

Castro J, Zamora R, Hodar JA, et al. 2004. Benefits of Using Shrubs as Nurse Plants for restoration 442 

in Mediterranean Mountains: a 4-year study. Restor. Ecol. 12(3): 352-358 443 

Cavieres LA, Badano EI, Sierra-Almeida A, et al. 2006. Positive Interaction between Alpine Plants 444 

Species and the Nurse Cushion Plant Laretia acaulis Do Not Increase with Elevation in the Andes 445 

of Central Chile. New Phytol. 169(1): 59-69 446 

Christenhusz MJM, Toivonen TK. 2008. Giants Invading the Tropics: The Oriental Vessel Fern, 447 

Angiopteris evecta (Marattiaceae). Biol. Invasions 10: 1215-1228. 448 

Davies KF, Chesson P, Harrison S, Inouy BD, Melbourne BA, Rice KJ. 2005. Spatial 449 

Heterogeneity Explains the Scale Dependence of the Native-Exotic Diversity Relationship. 450 

Ecology 86: 1602-1610 451 

Descantes C. 1993. Simple Marae of the ‘Opunohu Valley Mo’orea, Society Islands, French 452 

Polynesia. The Journal of the Polynesian Society 102(2): 187-216 453 

Duncan RA, McDougall I. 1976. Linear Volcanism in French Polynesia. Journal of Volcanology 454 

and Geothermal Research 1:197-227 455 

Egerova J, Proffitt E, Travis SE. Facilitation of Survival and Growth of Baccharis halimifolia L. 456 

by Spartina alterniflora Loisel in a created Louisiana Salt Marsh. Wetlands 23(2): 250-256 457 

Elton CS. 1958. The Ecology of Invasions by Animals and Plants. Methuen, London, UK 458 

Feyera S, Beck E, Lüttge U. 2002. Exotic Trees as Nurse-Trees for the Regeneration of Natural 459 

Tropical Trees. Trees 16: 245-249 460 

Florence J, Chevillotte H, Oliver C, Meyer JY. 2013. Base de Données Botaniques Nadeaud de 461 

l’Herbier de la Polynésie Française (PAP). Zitiert von: 191 - Ä hnliche Artikel 462 

Flores J, Jurado E. 2003. Are Nurse-Protégé Interactions More Common among Plants from Arid 463 

Environments? J. Veg. Sci. 14: 911-916 464 

Fosberg FR, Marie-Helene S, Royce O. 1982. A Geological Checklist of the Micronesian 465 

Pteridophyta and Gymnospermae. Micronesia 18(1): 23-82 466 

Gause GF. 1934. The Struggle for Existence. Baltimore, MD: Williams & Wilkins 467 

Hardin G. 1960. The Competitive Exclusion Principle. Science 131(3409): 1292-1297 468 

Hunter AF, Aarssen LW. 1988. Plants Helping Plants. BioScience 38: 34-40 469 

Hutchinson GE. 1959. Homage to Santa Rosalia or Why Are There So Many Kinds of Animals?. 470 

American Naturalist 93(87): 145-159 471 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2643v1 | CC BY 4.0 Open Access | rec: 17 Dec 2016, publ: 17 Dec 2016

https://scholar.google.com/scholar?oi=bibs&hl=de&cites=9898518488410071301&as_sdt=5
https://scholar.google.com/scholar?oi=bibs&hl=de&q=related:BaFR4B6aXokJ:scholar.google.com/


Hurley T. 1991. Miconia: Fast-Growing Weed Tree in the Sights of Scientists. The Maui News 472 

(May 17): A-1, A-3 473 

Leger EA, Espeland EK. 2010. Coevolution between Native and Invasive Plant Competitors: 474 

Implications for Invasive Species Management 475 

Leibold MA. (1995). The Niche Concept Revisited: Mechanistic Models and Community Context. 476 

Ecology 76(5): 1371-1382 477 

Lonsdale WM. 1999. Global Patterns of Plant Invasions and the Concept of Invasibility. Ecology 478 

80: 1522-1536 479 

Loope L. 1997. HNIS Report for Miconia calvescens. Accessed online November 2, 2006: 480 

http://www.hear.org/MiconiaInHawaii/ 481 

Loope L, Mueller-Dombois D. 1989. Characteristics of Invaded Islands, p. 257– 482 

80. In: Drake, J.A., et al., eds., Ecology of biological invasions: a global synthesis. 483 

John Wiley & Sons, Chichester, UK. 484 

Lotka AJ. 1925. Elements of Physical Biology. Williams and Wilkins 485 

Medeiros AC, Loope LL. 1997. Status, Ecology, and Management of the Invasive Plant, Miconia 486 

calvescens DC (Melastomataceae) in the Hawaiian Islands. Records of the Hawaii Biological 487 

Survey for 1996. Bishop Museum Occasional Papers 48: 23-36. 488 

Meyer JY. 1994. Mecanismes d’invasion de Miconia calvescens en Polynesie Francaise. Ph. D. 489 

thesis. l’Universite de Montpellier II Sciences et Techniques du Languedoc, Montpellier, France. 490 

Meyer JY. 1996. Status of Miconia calvescens (Melastomataceae), a Dominant Invasive Tree in 491 

the Society Islands (French Polynesia). Pacific Science 50(1): 66-76 492 

Meyer JY, Florence J. 1996. Tahiti’s Native Flora Endangered by the Invasion of Miconia 493 

calvescens DC. (Melastomataceae). Journal of Biogeography 23(6): 775-781 494 

Meyer JY, Malet JP. 1997. Study and Management of the Alien Invasive Tree Miconia calvescens 495 

DC. (Melastomataceae) in the Islands of Raiatea and Tahaa (Society Islands, French Polynesia): 496 

1992-1996. Technical Report 111. Cooperative National Park Resources Studies Unit. University 497 

of Hawaii at Manoa. 498 

Molofsky J, Augspurger CK. 1992. The Effect of Leaf Litter on Early Seedling Establishment in 499 

a Tropical Forest. Ecological Society of America 73(1): 68-77 500 

Padilla FM, Pugnaire FI. 2006. The Role of Nurse Plants in the Restoration of Degraded 501 

Environments. Front. Ecol. Environ. 4(4): 196-202  502 

Pasquini SC, Santiago LS. 2009. Nutrient Limitation of Photosynthesis in the Tropical Rainforest 503 

Understory. Conference: 94th ESA Annual Convention 2009 504 

 505 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2643v1 | CC BY 4.0 Open Access | rec: 17 Dec 2016, publ: 17 Dec 2016

http://www.hear.org/MiconiaInHawaii/


Peterson T. 2003. Predicting the Geography of Species’ Invasions via Ecological Niche Modelling. 506 

The Quarterly Review of Biology 78(4): 419-433 507 

R Core Development Team. 2013. R: A language and environment for statistical computing. R 508 

Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-project.org 509 

Rodriguez LF. 2006. Can Invasive Species Facilitate Native Species? Evidence of How, When, 510 

and Why These Impacts Occur. Biological Invasion 8(4): 927-939 511 

Santiago LS, Wright SJ, Harms KE, Yavitt JB, Korine C, Garcia MN, Turner BL. 2012. Tropical 512 

Tree Seedling Growth Response to Nitrogen, Phosphorus and Potassium Addition. Journal of 513 

Ecology 100: 309-316 514 

Smith CW. 1990. Weed Management in Hawaii’s National Parks. Monogr. Syst. 515 

Bot. Missouri Bot. Gard. 32: 233-234 516 

Stachowicz JJ. 2001. Mutualism, Facilitation, and the Structure of Ecological Communities. 517 

BioScience 51: 235-246 518 

Stinson KA, Campbell SA, Powell JR, Wolfe BE, Callaway RM, Thelen GC, Hallett SG, Prati D, 519 

Klironomos JN. 2006. Invasive Plant Suppresses the Growth of Native Tree Seedlings by 520 

Disrupting Belowground Mutualisms. PLOS Biology 12(2): e1001817. doi: 521 

10.1371/journal.pbio.1001817 522 

Tilman D. 1999. The Ecological Consequences of Changes in Biodiversity: A Search for General 523 

Principles. Ecology 80: 1455-1474 524 

Tirado R, Pugnaire FI. 2005. Community Structure and Positive Interactions in Constraining 525 

Environments. OIKOS 111: 437-444 526 

Underwood C. 1993. Invasion Patterns of Mconia calvescens on Moorea, French Polynesia. 527 

University of California at Berkeley 528 

Usher MB, Kruger FJ, MacDonald IAW, Loope LL, Brockie RE. 1988. The Ecology of 529 

Biological Invasions into Nature Reserves: an Introduction. Biol. Conserv. 44: 1-8 530 

Valiente-Banuet A, Ezcurra E. 1991. Shade as a Cause of the Association Between the Cactus 531 

Neobuxbaumia tetetzo and the Nurse Plant Mimosa Luisana in the Tehuacan Valley, Mexico. 532 

Journal of Ecology 79(4): 961-971 533 

Vilà M, Weiner J. 2004. Are Invasive Plant Species Better Competitors than Native Plant Species? 534 

– Evidence from Pair-Wise Experiments. OIKOS 105(2): 229-238 535 

Vitousek PM, Mooney HA, Lubchenco J, Melillo JM. 1997. Human Domination of Earth’s 536 

Ecosystems. Science 277: 494-499 537 

Volterra V. 1931. Variations and Fluctuations of the Number of Individuals in Animal Species 538 

Living Together. In: Champman RN, editor. Animal Ecology. New York: McGraw Hill. 409-448 539 

Weltzin JF, McPherson GR. 1999. Facilitation of Conspecific Seedling Recruitment and Shifts in 540 

Temperate Savannah Ecotones. Ecol. Monogr. 69: 513-534 541 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2643v1 | CC BY 4.0 Open Access | rec: 17 Dec 2016, publ: 17 Dec 2016

http://www.r-project.org./


Williamson WA, & Fitter A. (1996). The Varying Success of Invaders. Ecology, 77(6), 1661-542 

1666 543 

Wilson EO, Vitousek PM, editors. 1988. Biodiversity. Washington (DC): National Academics 544 

Press (US). Chapter 20, Diversity and Biological Invasion of Oceanic Islands. Available from: 545 

https://www.ncbi.nlm.nih.gov/books/NBK219297/ 546 

Wright SJ, Yavitt JB, Wurzburger N, Turner BL, Tanner EVJ, Sayer EJ, Santiago LS, Kaspari 547 

M, Hedin LO, Harms KE, Garcia MN, Corre MD. 2011. Potassium, Phosphorus, or Nitrogen 548 

Limit Root Allocation, Tree Growth, or Litter Production in a Lowland Tropical Forest. Ecology 549 

92(8): 1616-1625 550 

Yuncker TG. 1945. Plants of the Manua Islands. Bishop Mus. Bull. 184. Bishop Museum Press, 551 

Honolulu., 73  552 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2643v1 | CC BY 4.0 Open Access | rec: 17 Dec 2016, publ: 17 Dec 2016



Tables & Figures 553 

 554 

Table 1. The GPS coordinates of the 20 field survey sites. The surveys were conducted on the 555 

sites along two different hiking trails: Three Coconuts Trail and Three Pines Trail, in Opunohu 556 

Valley, Mo’orea. 557 

Sites Three Coconuts Trail Three Pine Trail 

1 S 17˚ 32.567’ W 149˚ 49.738’ S 17˚ 32.120’ W 149˚ 49.824’ 

2 S 17˚ 32.599’ W 149˚ 49.803’ S 17˚ 32.131’ W 149˚ 49.810’ 

3 S 17˚ 32.477’ W 149˚ 49.698’ S 17˚ 32.172’ W 149˚ 49.742’ 

4 S 17˚ 32.486’ W 149˚ 49.673’ S 17˚ 32.161’ W 149˚ 49.740’ 

5 S 17˚ 32.590’ W 149˚ 49.830’ S 17˚ 32.143’ W 149˚ 49.675’ 

6 S 17˚ 32.705’ W 149˚ 50.065’ S 17˚ 32.352’ W 149˚ 49.559’ 

7 S 17˚ 32.725’ W 149˚ 50.173’ S 17˚ 32.102’ W 149˚ 49.992’ 

8 S 17˚ 32.741’ W 149˚ 50.268’ S 17˚ 32.266’ W 149˚ 49.658’ 

9 S 17˚ 32.726’ W 149˚ 50.349’ S 17˚ 32.299’ W 149˚ 49.633’ 

10 S 17˚ 32.705’ W 149˚ 50.063’ S 17˚ 32.351’ W 149˚ 49.695’ 

  558 
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Table 2. T-test statistics between the density of M. calvescens on A. evecta rhizome and bare soil. 559 

Survey Site Group t-value df p-value 

 

Three Coconuts Trail 

Seedlings 10.175 9.004 < 0.0001 

Saplings 7.5219 9.099 < 0.0001 

Matures 0.8106 10.631 0.4354 

 

Three Pines Trail 

Seedlings 5.1741 9.007 < 0.001 

Saplings 4.1657 9.0376 < 0.005 

Matures 1.0957 9.0454 0.3015 

  560 
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Table 3. ANOVA statistics of soil nutrients compared between three different microenvironments: 561 

substrates of the rhizomes of A. evecta, soil under the rhizomes, and bare soil 562 

 F value p-value 

Nitrogen 0.13 0.88 

Phosphorus 19 0.0024 

Potassium 6.2 0.035 

  563 
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 564 

 565 

Figure 1. Map of Study Sites. This study was conducted on the sites along two hiking trails: 566 

Three Coconuts Trail and Three Pines Trail, in Opunohu Valley, Mo’orea. 567 

  568 
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 569 

 570 

Figure 2. Seedlings and Saplings of Miconia calvescens (1st raw: seedlings, 2nd raw: saplings. Scale: 571 

1cm) 572 
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 574 

Figure 3. Density of seedlings, sapling, and matures of M. calvescens on A. evecta rhizome and 575 

bare soil. Data represents sites on the Three Coconuts Trail (t-tests, p < 0.0001, p < 0.0001, p > 576 

0.1)  577 

  578 
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 579 

 580 

Figure 4. Density of seedlings, sapling, and matures of M. calvescens on A. evecta rhizomes and 581 

bare soil. Data represents sites on the Three Pines Trail. (t-tests, p < 0.001, p < 0.005, p > 0.1) 582 

  583 
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 584 
 585 

Figure 5. Correlation between the height of A. evecta rhizome and the number of M. calvescens on 586 

them. Data represents sites on the Three Coconuts Trail (a) and sites on Three Pines Trail (b). 587 

Density values were log transformed prior to analyses. 588 

  589 
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 598 

 599 

Figure 6. Soil nutrient comparison between three different microenvironments: substrates of the 600 

rhizomes of A. evecta, soil under the rhizomes, and bare soil 601 
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Figure 7. Three possible mechanisms for the establishment of seedlings and saplings growing on 604 

the rhizome of A. evecta. (a) Penetration into the spaces between leaf scars. (b) Rooting to the soil 605 

around the rhizomes. (c) Grow around the rhizomes after being fallen off the rhizomes by gravity. 606 
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 607 

Figure 8. Miconia calvescens growing on microenvironments (on rock, on buttresses of 608 

Inocarpus fagifer, under stem of Hibiscus taliaceus 609 
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